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[00536] The present invention can be implemented as a computer program product that
comprises a computer program mechanism embedded in a nontransitory computer readable
storage medium. For instance, the computer program product could contain the program
modules shown in any combination of Figures 1 or 2 and/or described in Figures 3, 37, 38,
39, 40 or 71. These program modules can be stored on a CD-ROM, DVD, magnetic disk
storage product, USB key, or any other non-transitory computer readable data or program

storage product.

Many modifications and variations of this invention can be made without departing from its
spirit and scope, as will be apparent to those skilled in the art. The specific embodiments
described herein are offered by way of example only. The embodiments were chosen and
described in order to best explain the principles of the invention and its practical applications,
to thereby enable others skilled in the art to best utilize the invention and various
embodiments with various modifications as are suited to the particular use contemplated.

The invention is to be limited only by the terms of the appended claims, along with the full

scope ol equivalents 1o which such claims are entitled.
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What 1s claimed is:

1. A method for determining a likelihood that a human subject afflicted with a cancer
will be responsive to a treatment regimen that comprises administering a checkpoint blockade
immunotherapy directed to the cancer to the subject, the method comprising:

(A) obtaining a plurality of sequencing reads from one or more samples from the
human cancer subject that is representative of the cancer;

(B) determining a human leukocyte antigen (HL A) type of the human cancer subject;

(C) determining a plurality of clones, and for each respective clone a in the plurality
of clones, an initial frequency Xo of the respective clone o in the one or more samples;

(D) for each respective clone o in the plurality of clones, computing a corresponding
clone fitness score of the respective clone, thereby computing a plurality of clone fitness
scores, each corresponding clone fitness score computed for a respective clone o by a first
procedure comprising:

(a) identifying a plurality of neoantigens in the respective clone «;
(b) computing a recognition potential of each respective neoantigen in the
plurality of neoantigens in the respective clone o by a second procedure comprising:

(1) computing an amplitude 4 of the respective neoantigen as a
function of the relative major histocompatibility complex (MHC) affinity of
the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the subject,

(i) computing a probability of T-cell receptor recognition R of the
respective neoantigen as a probability that the respective neoantigen binds one
or more epitopes that are positively recognized by T-cells after class I MHC
presentation, and

(iii) computing the recognition potential of the respective neoantigen
as a function of the amplitude 4 of the respective neoantigen and the
probability of T-cell receptor recognition R of the respective neoantigen; and
(c) determining the corresponding clone fitness score of the respective clone a

as an aggregate of the neoantigen recognition potentials across the plurality of

neoantigens in the respective clone a; and

(E) computing a total fitness for the one or more samples as a sum of the clone fitness

scores across the plurality of clones, wherein
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each clone fitness score is weighted by the initial frequency X« of the corresponding
clone o, and
the total fitness quantifies the likelihood that the human subject afflicted with the

cancer will be responsive to the treatment regimen.

2. The method of claim 1, wherein the checkpoint blockade immunotherapy comprises
administering an anti-CTLA-4, anti-PD1, anti-PD-L1, anti-LAG3, anti-TIM-3, anti-GITR,
anti-OX40, anti-CD40, anti-TIGIT, anti4-1BB, anti-B7-H3, anti-B7-H4, or anti-BTLA

compound to the cancer subject.

3. The method of claim 1, wherein the checkpoint blockade immunotherapy comprises

administering ipilimumab or tremelimumab to the cancer subject.

4. The method of any one of claims 1-3, wherein the cancer is a carcinoma, a melanoma, a

lymphoma/leukemia, a sarcoma, or a neuro-glial tumor.

5. The method of any one of claims 1-3, wherein the cancer is lung cancer, pancreatic
cancer, colon cancer, stomach or esophagus cancer, breast cancer, ovary cancer, prostate

cancer, or liver cancer.

6. The method of any one of claims 1-5, wherein

each clone o in the plurality of clones is uniquely defined by a unique set of somatic
mutations, and

the plurality of clones is determined by a variant allele frequency of each respective
somatic mutation in a plurality of somatic mutations determined from the plurality of

sequencing reads.

7. The method of claim 6, wherein the somatic mutation is a single nucleotide variant or an

indel.
8. The method of any one of claims 1-7, wherein the plurality of clones is determined by

identifying a plurality of inferred copy number variations using the plurality of sequencing

reads.
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9. The method of any one of claims 1-8, wherein

each clone o in the plurality of clones is uniquely defined by a unique set of somatic
mutations, and

the plurality of clones is determined by a combination of (i) a variant allele frequency
of each respective somatic mutation in the plurality of somatic mutations determined from the
plurality of sequencing reads and (i1) an identification of a plurality of inferred copy number

variations using the whole-genome sequencing data.

10. The method of any one of claims 1-9, wherein the plurality of sequencing reads exhibits

an average read depth of less than 40.

11. The method of any one of claims 1-9, wherein the plurality of sequencing reads exhibits

an average read depth of between 25 and 60.

12. The method of any one of claims 1-11, wherein each neoantigen in the plurality of

neoantigens of a clone in the plurality of clones is a nonamer peptide.

13. The method of any one of claims 1-12, wherein each neoantigen in the plurality of
neoantigens of a clone in the plurality of clones is a peptide that is eight, nine, ten, or eleven

residues in length.

14. The method of any one of claims 1-13, the method further comprising identifying a
population of neoantigens present in the one or more samples by a third procedure
comprising:

determining a plurality of somatic single nucleotide polymorphisms (SNPs) in the
plurality of sequencing reads by comparison ol the plurality of sequencing reads to a
reference human genome; and

evaluating each respective somatic SNP in the plurality of SNPs as a neoantigen
candidate by evaluation of a peptide encoded by a portion of one or more sequencing reads in
the plurality of sequencing reads that includes the respective somatic SNP against a classifier
that has been trained to predict peptide binding to class 1 MHC of the HLA type of the cancer
subject, wherein a neoantigen candidate having a binding score below a threshold value is
deemed to be a neoantigen in the population of neoantigens, and

wherein the identifying the plurality of neoantigens in the respective clone o
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comprises matching the SNPs in the respective clone a. to respective neoantigens in the

population of neoantigens.

15. The method of claim 14, wherein the threshold value is 500 nM.

16. The method of any one of claims 1-15, wherein the determining the HL A type of the

human cancer subject is determined from the plurality of sequencing reads.

17. The method of any one of claims 1-15, wherein the determining the HLA type of the
human cancer subject is determined using a polymerase chain reaction using a biological

sample from the cancer subject.

18. The method of any one of claims 1-17, wherein the plurality of clones consists of two

clones.

19. The method of any one of claims 1-17, wherein the plurality of clones consists of

between two clones and ten clones.

20. The method of any one of claims 1-19, wherein the initial frequency Xo of the respective
clone o in the one or more samples is determined using the plurality of sequencing reads from

the one or more samples [rom the human cancer subject.

21. The method of any one of claims 1-20, wherein the function of the relative class 1| MHC
affinity of the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HL A type of the human cancer subject is a ratio of the relative class I
MHUC aflfinity of the respective neoantigen and the wildty pe counterpart of the respective
neoantigen given the HLA type of the subject.

22. The method of any one of claims 1-21, wherein the function of the relative class I MHC
affinity of the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the subject is a ratio of’

(1) a dissociation constant between the respective neoantigen and the class I MHC
presented by the cancer subject given the HLA type of the cancer subject, and

(2) a dissociation constant between the wildtype counterpart of the respective
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neoantigen and the class I MHC presented by the cancer subject given the HLA type of the

cancer subject.

23. The method of claim 22, wherein

the dissociation constant between the respective neoantigen and the class | MHC
presented by the cancer subject is obtained as output from a first classifier upon inputting into
the first classifier the amino acid sequence of the neoantigen, and

the dissociation constant between the wildtype counterpart of the respective
neoantigen and the class I MHC presented by the cancer subject of the HLA type of the
subject is obtained as output from the first classifier upon inputting into the first classifier the

amino acid sequence of the respective wildtype counterpart of the neoantigen.

24. The method of claim 23, wherein the first classifier is specific to the HLA type of the
cancer subject and has been trained with the respective class I MHC binding coefficient and
sequence data of each peptide epitope in a plurality of epitopes presented by class  MHC in a
training population having the HLA type of the subject.

25. The method of any one of claims 1-24, wherein the probability that the respective
neoantigen binds one or more epitopes that are positively recognized by T-cells after class I
MHC presentation is computed as:

R=Z()? Z exp [—k(a —|s, e])],

eeD

wherein

a 1s a number that represents a horizontal displacement of a binding curve for
the respective neoantigen,

k is a number that sets the steepness of the binding curve at a,

Z(k) is a partition function over the unbound state and all bound states of the
respective neoantigen of the form

1+ z exp [—k(a — |s, eD)]

eeD

wherein,
D is a plurality of epitopes,
each respective epitope e is an epitope from the plurality of epitopes that is

positively recognized by T-cells after class I MHC presentation, and
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|s, e] is a measure of affinity between the respective neoantigen s and the

respective epitope e.

26. The method of claim 25, wherein a is set to 26 and k is set to 4.87.

27. The method of claim 25, wherein the measure of affinity |s, e| is computed as a sequence
alignment between the sequence of the respective neoantigen s and the sequence of the

respective epitope e using an amino-acid similarity matrix.

28. The method of claim 27, wherein the amino-acid similarity matrix is a Blocks
Substitutions Matrix (BLOSUM) BLOSUMA45 matrix, BLOSUMS0 matrix, BLOSUMS2
matrix, BLOSUM60 matrix, BLOSUMS80 matrix, BLOSUMO90 matrix, a Percent Accepted
Mutation (PAM) 250 matrix, a PAM200 matrix, a PAM160 matrix, a PAM120 matrix, a

PAMI100 matrix, or a Gonnet substitution matrix.

29. The method of any one of claims 1-28, wherein the aggregate of the neoantigen
recognition potentials across the plurality of neoantigens in the respective clone o is
computed as:

F,= — max (4; XR;)

ic Clone o

wherein i 1s an index iterating over each neoantigen in the plurality of neoantigens in

the respective clone a.

30. The method of claim 29, wherein the computing a total fitness for the one or more

samples as a sum of the clone fitness scores across the plurality of clones is computed as:
n(r) = Yo Xq exp(FaT),
wherein 7 is a characteristic evolutionary time scale.

31. The method of claim 30, wherein 7 is between 0.0 and 0.5.

32. The method of claim 30, wherein 7 is 0.06.

33. The method of any one of claims 1-28, wherein the aggregate of the neoantigen

recognition potentials across the plurality of neoantigens in the respective clone a is
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computed as a summation of the recognition potential of each respective neoantigen in the

plurality of neoantigens.

34. The method of any one of claims 1-28, wherein the aggregate of the neoantigen
recognition potentials across the plurality of neoantigens in the respective clone o is
computed as a summation of the recognition potential of a subset of the neoantigens in the

plurality of neoantigens.

35. The method of claim 34, wherein the subset of the neoantigens in the plurality of
neoantigens constitutes a predetermined number of neoantigens in the plurality of

neoantigens that have the top recognition potential for the respective clone a.

36. The method of any one of claims 1-28, wherein the aggregate of the neoantigen
recognition potentials across the plurality of neoantigens in the respective clone o is
computed as a nonlinear combination of the recognition potential of all or a subset of the

neoantigens in the plurality of neoantigens.

37. The method of any one of claims 1-36, wherein a lower total fitness score is associated
with (a) a higher likelihood that the cancer subject will be responsive to the immunotherapy

and (b) a longer term survival of the cancer patient.

38. A method for identifying an immunotherapy for a cancer, the method comprising:

(A) obtaining a plurality of sequencing reads from one or more samples from a human
cancer subject that is representative of the cancer;

(B) determining a human leukocyte antigen (HLA) type of the human cancer subject
[rom the plurality of sequencing reads;

(C) determining a plurality of clones, and for each respective clone a in the plurality
of clones, an initial frequency Xq of the respective clone o in the one or more samples from
the plurality of sequencing reads;

(D) for each respective clone o in the plurality of clones, computing a corresponding
clone fitness score of the respective clone, thereby computing a plurality of clone fitness
scores, each corresponding clone fitness score computed for a respective clone a by a first
procedure comprising:

(a) identifying a plurality of neoantigens in the respective clone «;
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(b) computing a recognition potential of each respective neoantigen in the
plurality of neoantigens in the respective clone a by a second procedure comprising:

(i) computing an amplitude A4 of the respective neoantigen as a
function of the relative major histocompatibility complex (MHC) affinity of
the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the subject,

(i1) computing a probability of T-cell receptor recognition R of the
respective neoantigen as a probability that the respective neoantigen binds one
or more epitopes that are positively recognized by T-cells after class | MHC
presentation, and

(ii1) computing the recognition potential of the respective neoantigen
as a function of the amplitude A4 of the respective neoantigen and the
probability of T-cell receptor recognition R of the respective neoantigen; and
(c) determining the corresponding clone fitness score of the respective clone a

as an aggregate of the neoantigen recognition potentials across the plurality of

neoantigens in the respective clone a; and

(E) selecting at least a first neoantigen from a plurality of neoantigens for a respective
clone o in the plurality of respective clones based upon the recognition potential of the first

neoantigen as the immunotherapy for the cancer.

39. The method of claim 38, wherein the obtaining (A), the determining (B), the determining
(C), and the computing (D) are repeated for a plurality of human cancer subjects across a
plurality of HLA types and the first neoantigen is selected on the basis of the recognition

potential of the first neoantigen across the plurality of HLA types.

40. The method of claim 38, wherein the obtaining (A), the determining (B), the determining
(C), and the computing (D) are repeated for a plurality of human cancer subjects and the first
neoantigen is selected on the basis of the recognition potential of the first neoantigen across

the plurality of human cancer subject.

41. The method of any one of claims 38-40, wherein the cancer is a carcinoma, a melanoma,

a lymphoma/leukemia, a sarcoma, or a neuro-glial tumor.

42. The method of any one of claims 38-40, wherein the cancer is lung cancer, pancreatic
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cancer, colon cancer, stomach or esophagus cancer, breast cancer, ovary cancer, prostate

cancer, or liver cancer.

43. The method of any one of claims 38-42, wherein

each clone o in the plurality of clones is uniquely defined by a unique set of somatic
mutations, and

the plurality of clones is determined by a variant allele frequency of each respective
somatic mutation in a plurality of somatic mutations determined from the whole-genome

sequencing data.

44. The method of claim 43, wherein the somatic mutation is a single nucleotide variant or

an indel.

45. The method of claim 38, wherein the plurality of clones is determined by identifying a

plurality of inferred copy number variations using the whole-genome sequencing data.

46. The method of any one of claims 38-42, wherein

each clone o in the plurality of clones is uniquely defined by a unique set of somatic
mutations, and

the plurality of clones is determined by a combination of (i) a variant allele frequency
of each respective somatic mutation in the plurality of somatic mutations determined {rom the
whole-genome sequencing data and (i1) an identification of a plurality of inferred copy

number variations using the whole-genome sequencing data.

47. The method of any one of claims 38-46, wherein the plurality of sequencing reads

exhibits an average read depth of less than 40.

48. The method of any one of claims 38-46, wherein the plurality of sequencing reads

exhibits an average read depth of between 25 and 60.

49. The method of any one of claims 38-48, wherein each neoantigen in the plurality of

neoantigens of a clone in the plurality of clones is a nonamer peptide.

50. The method of any one of claims 38-48, wherein each neoantigen in the plurality of
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neoantigens of a clone in the plurality of clones is a peptide that is eight, nine, ten, or eleven

residues in length.

51. The method of any one of claims 38-50, the method further comprising identifying a
population of neoantigens present in the one or more samples by a third procedure
comprising:

determining a plurality of somatic single nucleotide polymorphisms (SNPs) in the
plurality of sequencing reads by comparison of the plurality of sequencing reads to a
reference human genome;

evaluating each respective somatic SNP in the plurality of SNPs as a neoantigen
candidate by evaluation of a peptide encoded by a portion of one or more sequencing reads in
the plurality of sequencing reads that includes the respective somatic SNP against a classifier
that has been trained to predict peptide binding to class 1 MHC of the HLA type of the cancer
subject, wherein a neoantigen candidate having a binding score below a threshold value is
deemed to be a neoantigen in the population of neoantigens, and

wherein the identifying the plurality of neoantigens in the respective clone o
comprises matching the SNPs in the respective clone a. to respective neoantigens in the

population of neoantigens.

52. The method of claim 51, wherein the threshold value is 500 nM.

53. The method of any one of claims 38-52, wherein the determining the HLA type of the

human cancer subject is determined from the plurality of sequencing reads.
54. The method of any one of claims 38-52, wherein the determining the HL A type of the
human cancer subject is determined using a polymerase chain reaction using a biological

sample from the cancer subject.

55. The method of any one of claims 38-54, wherein the plurality of clones consists of two

clones.

56. The method of any one of claims 38-54, wherein the plurality of clones consists of

between two clones and ten clones.
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57. The method of any one of claims 38-56, wherein the initial frequency X« of the
respective clone o in the one or more samples is determined using the plurality of sequencing

reads from the one or more samples from the human cancer subject.

58. The method of any one of claims 38-57, wherein the (unction of the relative class I MHC
affinity of the respective neoantigen and the wildtype counterpart of the respective

neoantigen given the HLA type of the subject is a ratio of the relative class | MHC affinity of
the respective neoantigen and the wildtype counterpart of the respective neoantigen given the

HLA type of the subject.

59. The method of any one of claims 38-58, wherein the function of the relative class | MHC
affinity of the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the human cancer subject is a ratio of:

(1) a dissociation constant between the respective neoantigen and the class I MHC
presented by the cancer subject given the HLA type of the cancer subject, and

(2) a dissociation constant between the wildty pe counterpart of the respective
neoantigen and the class I MHC presented by the cancer subject given the HLA type of the

cancer subject.

60. The method of claim 59, wherein

the dissociation constant between the respective neoantigen and the class I MHC
presented by the cancer subject is obtained as output from a first classifier upon inputting into
the first classifier the amino acid sequence of the neoantigen, and

the dissociation constant between the wildtype counterpart of the respective
neoantigen and the class I MHC presented by the cancer subject of the HLA type of the
subject is obtained as output [rom the first classifier upon inputting into the first classifier the

amino acid sequence of the respective wildtype counterpart of the neoantigen.

61. The method of claim 60, wherein the first classifier is specific to the HLA type of the
cancer subject and has been trained with the respective class I MHC binding coefficient and
sequence data of each peptide epitope in a plurality of epitopes presented by class  MHC in a

training population having the HL A type of the subject.

62. The method of any one of claims 38-61, wherein the probability that the respective
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neoantigen binds one or more epitopes that are positively recognized by T-cells after class I
MHC presentation is computed as:

R=Z(k)™1 Z exp [—k(a —|s, e])],

e€D
wherein
a is a number that represents a horizontal displacement of a binding curve for
the respective neoantigen,
k is a number that sets the steepness ol the binding curve at a,
Z(k) 1s a partition function over the unbound state and all bound states of the
respective neoantigen of the form

1+ Z exp [—k(a — |s, e])]

e€D
wherein,
D is aplurality of epitopes,
each respective epitope e is an from the plurality of epitopes that is positively
recognized by T-cells after class | MHC presentation, and
|s, e| is a measure of affinity between the respective neoantigen s and the

sequence of the respective epitope e.
63. The method of claim 62, wherein a is set to 26 and k is set to 4.87.

64. The method of claim 62, wherein the measure of affinity |s, e| is computed as a sequence
alignment between the sequence of the respective neoantigen s and the sequence of the

respective epitope e using an amino-acid similarity matrix.

65. The method of claim 64, wherein the amino-acid similarity matrix is a Blocks
Substitutions Matrix (BLOSUM) BLOSUMA45 matrix, BLOSUMS50 matrix, BLOSUMS52
matrix, BLOSUM60 matrix, BLOSUMS80 matrix, BLOSUMO90 maltrix, a Percent Accepted
Mutation (PAM) 250 matrix, a PAM200 matrix, a PAM160 matrix, a PAM120 matrix, a

PAMI100 matrix, or a Gonnet substitution matrix.
66. The method of any one of claims 38-65, wherein the first neoantigen from a plurality of

neoantigens [or a respective clone o in the plurality of respective clones is selected when it

has a recognition potential that is lower than the recognition potential of other neoantigens in
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each plurality of neoantigens for each respective clone a in the plurality of respective clones.

67. A system for determining a likelihood that a human subject afflicted with a cancer will
be responsive to a treatment regimen that comprises administering a checkpoint blockade
immunotherapy directed to the cancer to the subject, comprising:

memory;

one or more processors; and

one or more modules stored in memory and configured for execution by the one or
more processors, the modules comprising instructions for:

(A) obtaining a plurality of sequencing reads from one or more samples from the
human cancer subject that is representative of the cancer;

(B) determining a human leukocyte antigen (HLA) type of the human cancer subject;

(C) determining a plurality of clones, and for each respective clone a in the plurality
of clones, an initial frequency Xo, of the respective clone o in the one or more samples;

(D) for each respective clone o in the plurality of clones, computing a corresponding
clone fitness score of the respective clone, thereby computing a plurality of clone fitness
scores, each corresponding clone [itness score computed (or a respective clone o by a [irst
procedure comprising:

(a) identifying a plurality of neoantigens in the respective clone «;
(b) computing a recognition potential of each respective neoantigen in the
plurality of neoantigens in the respective clone a by a second procedure comprising:

(1) computing an amplitude 4 of the respectlive neoantigen as a
function of the relative major histocompatibility complex (MHC) affinity of
the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the subject,

(ii) computing a probability of T-cell receptor recognition R of the
respective neoantigen as a probability that the respective neoantigen binds one
or more epitopes that are positively recognized by T-cells after class I MHC
presentation, and

(iii) computing the recognition potential of the respective neoantigen
as a function of the amplitude 4 of the respective neoantigen and the
probability of T-cell receptor recognition R of the respective neoantigen; and

(c) determining the corresponding clone fitness score of the respective clone o
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as an aggregate of the neoantigen recognition potentials across the plurality of

neoantigens in the respective clone o; and

(E) computing a total fitness for the one or more samples as a sum of the clone fitness
scores across the plurality of clones, wherein

each clone fitness score is weighted by the initial frequency Xo of the corresponding
clone a, and

the total fitness quantifies the likelihood that the human subject afflicted with the

cancer will be responsive to the treatment regimen.

68. A system for determining a likelihood that a human subject afflicted with a cancer will
be responsive to a treatment regimen that comprises administering a checkpoint blockade
immunotherapy directed to the cancer to the subject, comprising

memory;

one or more processors; and

one or more modules stored in memory and configured for execution by the one or
more processors, the modules comprising instructions for carrying out the method of any one

of claims 1-37.

69. A non-transitory computer readable storage medium for determining a likelihood that a
human subject afflicted with a cancer will be responsive to a treatment regimen that
comprises administering a checkpoint blockade immunotherapy directed to the cancer to the
subject, the non-transitory computer readable storage medium storing one or more programs
for execution by one or more processors of a computer system, the one or more computer
programs comprising instructions for:

(A) obtaining a plurality of sequencing reads from one or more samples from the
human cancer subject that is representative ol the cancer;

(B) determining a human leukocyte antigen (HL A) type of the human cancer subject;

(C) determining a plurality of clones, and for each respective clone a in the plurality
of clones, an initial frequency X, of the respective clone o in the one or more samples;

(D) for each respective clone o in the plurality of clones, computing a corresponding
clone fitness score of the respective clone, thereby computing a plurality of clone fitness
scores, each corresponding clone fitness score computed for a respective clone a by a first
procedure comprising:

(a) identifying a plurality of neoantigens in the respective clone «;
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(b) computing a recognition potential of each respective neoantigen in the
plurality of neoantigens in the respective clone a by a second procedure comprising:

(i) computing an amplitude A4 of the respective neoantigen as a
function of the relative major histocompatibility complex (MHC) affinity of
the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the subject,

(i1) computing a probability of T-cell receptor recognition R of the
respective neoantigen as a probability that the respective neoantigen binds one
or more epitopes that are positively recognized by T-cells after class | MHC
presentation, and

(ii1) computing the recognition potential of the respective neoantigen
as a function of the amplitude A4 of the respective neoantigen and the
probability of T-cell receptor recognition R of the respective neoantigen; and
(c) determining the corresponding clone fitness score of the respective clone a

as an aggregate of the neoantigen recognition potentials across the plurality of

neoantigens in the respective clone a; and

(E) computing a total fitness for the one or more samples as a sum of the clone fitness
scores across the plurality of clones, wherein

each clone fitness score is weighted by the initial frequency X« of the corresponding
clone o, and

the total [itness quantifies the likelihood that the human subject al{licted with the

cancer will be responsive to the treatment regimen.

70. A non-transitory computer readable storage medium for determining a likelihood that a
human subject afflicted with a cancer will be responsive to a treatment regimen that
comprises administering a checkpoint blockade immunotherapy directed to the cancer to the
subject, the non-transitory computer readable storage medium storing one or more programs
for execution by one or more processors of a computer system, the one or more computer

programs comprising instructions for carrying out the method of any one of claims 1-37.
71. A system for identifying an immunotherapy for a cancer, comprising:

memory;

one or more processors,; and
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one or more modules stored in memory and configured for execution by the one or
more processors, the modules comprising instructions for:

(A) obtaining a plurality of sequencing reads from one or more samples from a human
cancer subject that is representative of the cancer;

(B) determining a human leukocyte antigen (HLA) type of the human cancer subject
from the plurality of sequencing reads;

(C) determining a plurality of clones, and for each respective clone a in the plurality
of clones, an initial frequency X of the respective clone o in the one or more samples from
the plurality of sequencing reads;

(D) for each respective clone a in the plurality of clones, computing a corresponding
clone fitness score of the respective clone, thereby computing a plurality of clone fitness
scores, each corresponding clone fitness score computed for a respective clone a by a first
procedure comprising:

(a) identifying a plurality of neoantigens in the respective clone «;
(b) computing a recognition potential of each respective neoantigen in the
plurality of neoantigens in the respective clone o by a second procedure comprising:

(i) computing an amplitude 4 of the respective neoantigen as a
function of the relative major histocompatibility complex (MHC) affinity of
the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the subject,

(i1) computing a probability of T-cell receptor recognition R of the
respective neoantigen as a probability that the respective neoantigen binds one
or more epitopes that are positively recognized by T-cells after class | MHC
presentation, and

(ii1) computing the recognition potential of the respective neoantigen
as a [unction of the amplitude A of the respective neoantigen and the
probability of T-cell receptor recognition R of the respective neoantigen; and
(c) determining the corresponding clone fitness score of the respective clone a

as an aggregate of the neoantigen recognition potentials across the plurality of

neoantigens in the respective clone o; and

(E) selecting at least a first neoantigen from a plurality of neoantigens for a respective
clone o in the plurality of respective clones based upon the recognition potential of the first

neoantigen as the immunotherapy for the cancer.

169



WO 2018/136664 PCT/US2018/014282

72. A system for identifying an immunotherapy for a cancer, comprising:

memory;

one or more processors; and

one or more modules stored in memory and configured for execution by the one or
more processors, the modules comprising instructions for executing the method of any one of

claims 38-66.

73. A non-transitory computer readable storage medium for identifying an immunotherapy
for a cancer, the non-transitory computer readable storage medium storing one or more
programs for execution by one or more processors of a computer system, the one or more
computer programs comprising instructions for:

(A) obtaining a plurality of sequencing reads from one or more samples from a human
cancer subject that is representative of the cancer;

(B) determining a human leukocyte antigen (HLA) type of the human cancer subject
from the plurality of sequencing reads;

(C) determining a plurality of clones, and for each respective clone a in the plurality
of clones, an initial frequency X of the respective clone a in the one or more samples from
the plurality of sequencing reads;

(D) for each respective clone o in the plurality of clones, computing a corresponding
clone fitness score of the respective clone, thereby computing a plurality of clone fitness
scores, each corresponding clone [itness score computed (or a respective clone o by a [irst
procedure comprising:

(a) identifying a plurality of neoantigens in the respective clone «;
(b) computing a recognition potential of each respective neoantigen in the
plurality of neoantigens in the respective clone a by a second procedure comprising:

(1) computing an amplitude 4 of the respectlive neoantigen as a
function of the relative major histocompatibility complex (MHC) affinity of
the respective neoantigen and the wildtype counterpart of the respective
neoantigen given the HLA type of the subject,

(ii) computing a probability of T-cell receptor recognition R of the
respective neoantigen as a probability that the respective neoantigen binds one
or more epitopes that are positively recognized by T-cells after class I MHC
presentation, and

(ii1) computing the recognition potential of the respective neoantigen
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as a function of the amplitude A of the respective neoantigen and the
probability of T-cell receptor recognition R of the respective neoantigen; and
(c) determining the corresponding clone fitness score of the respective clone a
as an aggregate of the neoantigen recognition potentials across the plurality of
neoantigens in the respective clone a; and
(E) selecting at least a first neoantigen from a plurality of neoantigens for a respective
clone a in the plurality of respective clones based upon the recognition potential of the first

neoantigen as the immunotherapy for the cancer.

74. A non-transitory computer readable storage medium for identifying an immunotherapy
for a cancer, the non-transitory computer readable storage medium storing one or more
programs for execution by one or more processors of a computer system, the one or more
computer programs comprising instructions for executing the method of any one of claims

38-66.

75. A method for identifying a subject having cancer as a candidate for treatment with an
immunotherapy, comprising:

(a) obtaining a biological sample from the subject;

(b) measuring the number of neoantigens (neoantigen number) in the biological
sample; and

(c) measuring the homology between each ol the neoantigen and a microbial epitope
(neoantigen-microbial homology);

wherein a neoantigen number higher than the median neoantigen number obtained
from a population of subjects having the cancer and a neoantigen-microbial homology higher
than the median neoantigen-microbial homology obtained from subjects having the cancer

indicate that the subject is a candidate (or an immunotherapy.

76. A method of predicting the responsiveness of a subject having cancer to an
immunotherapy, comprising:

(a) obtaining a biological sample from the subject;

(b) measuring the number of neoantigens (neoantigen number) in the biological
sample; and

(c) measuring the homology between each of the neoantigen and a microbial epitope

(ncoantigen-microbial homology);
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wherein a neoantigen number higher than the median neoantigen number obtained
from a population of subjects having the cancer and a neoantigen-microbial homology higher
than the median neoantigen-microbial homology obtained from subjects having the cancer

indicate that the subject is likely to be responsive to an immunotherapy.

77. The method of claim 75 or 76, wherein the neoantigen-microbial homology is measured
by calculating a recognition potential between each respective neoantigen and microbial

epitope.

78. The method of claim 77, wherein the calculation of the recognition potential for a
respective neoantigen is calculated by a first procedure comprising:

(1) computing an amplitude 4 of the respective neoantigen as a function of a relative
major histocompatibility complex (MHC) affinity of the respective neoantigen and the
wildtype counterpart of the respective neoantigen given the HLA type of the subject,

(i) computing a probability of T-cell receptor recognition R of the respective
neoantigen as a probability that the respective neoantigen binds one or more epitopes that are
positively recognized by T-cells after class I MHC presentation, and

(i11) computing the recognition potential of the respective neoantigen as as a function
of the amplitude 4 of the respective neoantigen and the probability of T-cell receptor

recognition R of the respective neoantigen.

79. The method of claim 78, wherein the function of the relative class | MHC affinity of the
respective neoantigen and the wildtype counterpart of the respective neoantigen given the
HLA type of the subject is a ratio of:

(1) a dissociation constant between the respective neoantigen and the class I MHC
presented by the cancer subject given the HLA type of the cancer subject, and

(2) a dissociation constant between the wildtype counterpart of the respective
neoantigen and the class I MHC presented by the cancer subject given the HLA type of the

cancer subject.

80. The method of claim 79, wherein
the dissociation constant between the respective neoantigen and the class I MHC
presented by the cancer subject is obtained as output from a first classifier upon inputting into

the first classifier the amino acid sequence of the neoantigen, and
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the dissociation constant between the wildtype counterpart of the respective
neoantigen and the class | MHC presented by the cancer subject of the HLA type of the
subject is obtained as output from the first classifier upon inputting into the first classifier the

amino acid sequence of the respective wildtype counterpart of the neoantigen.

81. The method of claim 80, wherein the first classifier is specific to the HLA type of the
cancer subject and has been trained with the respective class I MHC binding coefficient and
sequence data of each peptide epitope in a plurality of epitopes presented by class | MHC in a
training population having the HLA type of the subject.

82. The method of any one of claims 78-81, wherein the probability that the respective
neoantigen binds one or more epitopes that are positively recognized by T-cells after class I
MHC presentation is determined by a second procedure that comprises:

(a) selecting a respective epitope e from an epitope database IEDB, wherein the
respective epitope e is positively recognized by T-cells after class I MHC presentation;

(b) computing, for the respective epitope e, the probability

1
1+ e—k(ls,el—a)

Prpinging (S, €) =
wherein,
|s, €] is a sequence alignment score between the sequence of the respective
neoantigen and the sequence of the respective epitope, and
k and a are constants;
(¢) performing the selecting (a) and the computing (b) for each respective epitope e in
a plurality of epitopes in the epitope database IEDB, thereby computing a plurality of
probabilities Pry;,gine (s, €); and
(d) computing the probability of T-cell receptor recognition R of the respective
neoantigen as:
R = 1— Jlcerpsl 1 — Pryinging(s, €)1,
wherein,

TEDB is the plurality of epitopes.

83. The method of claim 82, wherein a is set to 23 and k is set to 1.

84. The method of claim 82, wherein |s, e| is computed as an alignment between the
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sequence of the respective neoantigen and the sequence of the respective epitope using an

amino-acid similarity matrix.

85. A method for identifying a subject having a cancer as a candidate for treatment with an
immunotherapy comprising:

(a) measuring the number of neoantigens (neoantigen number) in a biological sample
of the subject; and

(b) measuring the number of activated T cells (activated T cell number) in a biological
sample of the subject;

wherein a neoantigen number higher than the median neoantigen number obtained
from a population of subjects having the cancer and an activated T cell number higher than
the median activated T cell number obtained from subjects having the cancer indicate that the

subject is a candidate for an immunotherapy.

86. A method of predicting the responsiveness of a subject having a cancer to an
immunotherapy, comprising:

(a) measuring the number of neoantigens (neoantigen number) in a biological sample
of the subject; and

(b) measuring the number of activated T cells (activated T cell number) in a biological
sample of the subject;

wherein a neoantigen number higher than the median neoantigen number obtained
from a population of subjects having the cancer and an activated T cell number higher than
the median activated T cell number obtained from subjects having the cancer indicate that the

subject is likely to be responsive to an immunotherapy.

87. The method of claim 85 or 86, wherein the activated T cells are T cells expressing one or

more T cell activation marker.
88. The method of claim 87, wherein the one or more T cell activation marker is selected
from the group consisting of CD3, CD8, PD-1, 4-1BB, CD69, CD107a, Granzyme B, and

combinations thereof.

89. The method of any one of claims 84-88, wherein the activated T cells are selected from

the group consisting of CD3"CDS™ T cells, CD3"CD8"Granzyme-B* T cells, and polyclonal

174



WO 2018/136664 PCT/US2018/014282

activated T cells.

90. The method of any one of claims 85-89, wherein the cancer is a solid tumor.

91. The method of claim 99, wherein the cancer is pancreatic cancer.

92. The method of claim 91, wherein the pancreatic cancer is pancreatic ductal

adenocarcinoma (PDAC).

93. The method of any one of claims 85-92, wherein the neoantigen is selected from the

neoantigenic peptides listed in Table 2.

94. A method for identifying a subject having pancreatic cancer as a candidate for treatment
with an immunotherapy comprising:

(a) obtaining a biological sample from the subject; and

(b) detecting one or more neoantigen of MUC16 in the biological sample;

wherein the presence of one or more neoantigen of MUC16 in the biological sample

indicates that the subject is a candidate for an immunotherapy.

95. A method for predicting the responsiveness of a subject having pancreatic cancer to an
immunotherapy, comprising:

(a) obtaining a biological sample from the subject; and

(b) detecting one or more neoantigen of MUC16 in the biological sample;

wherein the presence of one or more neoantigen of MUC16 in the biological sample

indicates that the subject is likely to be responsive to an immunotherapy.

96. The method claim 94 or 95, wherein the pancreatic cancer is pancreatic ductal

adenocarcinoma (PDAC).

97. The method of any one of claims 75-97, wherein the neoantigen is selected from the

neoantigenic peptides listed in Table 1.

98. The method of any one of claims 75-97, wherein the neoantigen is about 8 to 11 amino

acids in length.
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99. The method of any one of claims 75-98, wherein the neoantigen is identified by exome

sequencing.

100. The method of any one of claims 75-99, wherein the immunotherapy is selected from
the group consisting of therapies comprising one or more immune checkpoint-blocking

antibody, adoptive T cell therapies, and combinations thereof.

101. The method of claim 100, wherein the one or more immune checkpoint-blocking
antibody is selected from the group consisting of anti-CTLA-4 antibodies, anti-PD-1
antibodies, anti-PD-L1 antibodies, anti-TIM3 antibodies, anti-LLAG3 antibodies, anti-GITR
antibodies, anti-OX40 antibodies, anti-CD40 antibodies, anti-TIGIT antibodies, and anti-4-
I1BB antibodies, anti-B7-H3 antibodies, anti-B7-H4 antibodies, anti-BTL A antibodies.

102. A population of T cells that target one or more neoantigen in MUC16.

103. The T cell population of claim 102, wherein the one or more neoantigen is selected

from the neoantigenic peptides listed in Table 1.

104. A population of T cells that target one or more neoantigen associated with a cancer, said
one or more neoantigen correlating with a neoantigen-microbial homology that is higher than
the median neoantigen-microbial homology occurring in subjects with the cancer.

105. A population of T cells that target one or more neoantigen associated with a cancer, said
neoantigen correlating with an activated T cell number that is higher than the median

activated T cell number occurring in subjects with a cancer.

106. The T cell population of claim 104 or 105, wherein the one or more neoantigen 1s

selected from the neoantigenic peptides listed in Table 2.

107. The cell population of any one of claims 104-106, wherein the cancer is pancreatic

cancer.

108. The T cell population of claim 102 or 103, wherein the T cells are selectively expanded
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to target the one or more neoantigen in MUC16.

109. The T cell population of any one of claims 104, 106, and 107, wherein the T cells are
selectively expanded to target the one or more neoantigen associated with a cancer, said one
or more neoantigen correlating with a neoantigen-microbial homology that is higher than the

median neoantigen-microbial homology occurring in subjects with the cancer.

110. The T cell population of any one of claims 105, 106, and 107, wherein the T cells are
selectively expanded to target the one or more neoantigen associated with a cancer, said
neoantigen correlating with an activated T cell number that is higher than the median

activated T cell number occurring in subjects with the cancer.

111. The T cell population of claim 102 or 103, wherein the T cells comprise a recombinant

antigen receptor that specifically binds to one or more neoantigen in MUC16.

112. The T cell population of any one of claims 104, 106, and 107, wherein the T cells
comprise a recombinant antigen receptor that specifically binds to one or more neoantigen
associated with a cancer, said one or more neoantigen correlating with a neoantigen-
microbial homology that is higher than the median neoantigen-microbial homology occurring

in subjects with the cancer.

113. The T cell population of any one of claims 105, 106, and 107, wherein the T cells
comprise a recombinant antigen receptor that specifically binds to one or more neoantigen
associated with a cancer, said neoantigen correlating with an activated T cell number that is

higher than the median activated T cell number occurring in subjects with the cancer.

114. The T cell population of any one of claims 111-113, wherein the recombinant antigen

receptor is a T cell receptor (TCR).

115. The T cell population of any one of claims 111-113, wherein the recombinant antigen

receptor is a chimeric antigen receptor (CAR).

116. A composition comprising the T cell population of any one of claims 102-115.
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117. A method of treating pancreatic cancer in a subject, comprising administering to the

subject the T cell population of any one of claims 102-115 or the composition of claim 116.

118. The T cell population of any one of claims 102-115 for use in treating pancreatic

cancer.

119. The composition of claim 116 for use in treating pancreatic cancer.

120. A vaccine comprising one or more neoantigen of MUCI16, or a polynucleotide encoding

said neoantigen or a protein or peptide comprising said neoantigen.

121. The vaccine of claim 120, wherein the one or more neoantigen of MUCI16 is selected

from the neoantigenic peptides listed in Table 1.

122. A vaccine comprising one or more neoantigen associated with a cancer, said one or
more neoantigen correlating with a neoantigen-microbial homology that is higher than the
median neoantigen-microbial homology occurring in subjects with the cancer, or a

polynucleotide encoding said neoantigen or a protein or peptide comprising said neoantigen.
123. A vaccine comprising one or more neoantigen associated with a cancer, said neoantigen
correlating with an activated T cell number that is higher than the median activated T cell
number occurring in a population of subject with cancer, or a polynucleotide encoding said

neoantigen or a protein or peptide comprising said neoantigen.

124. The vaccine of claim 122 or 123, wherein the one or more neoantigen is selected from

the neoantigenic peptides listed in Table 2.

125. The vaccine of any one of claims 121-124, wherein the polynucleotide is an RNA or a

DNA.

126. A composition comprising the vaccine of any one of claims 121-125.

127. A method of treating pancreatic cancer in a subject, comprising administering to the

subject the vaccine of any one of claims 121-125 or the composition of claim 126.
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128. The vaccine of any one of claims 121-125 for use in treating pancreatic cancer.

129. The composition of claim 116 or 126, which is a pharmaceutical composition that
comprises a pharmaceutically acceptable carrier.

130. The method of any one of claims 1-37, wherein the recognition potential of the
respective neoantigen is computed in the computing (D)(b)(iii) as the product of the
amplitude 4 of the respective neoantigen and the probability of T-cell receptor recognition R

of the respective neoantigen.

131. The method of any one of claims 38-66, wherein the recognition potential of the
respective neoantigen is computed in the computing (D)(b)(ii1) as the product of the
amplitude A4 of the respective neoantigen and the probability of T-cell receptor recognition R

of the respective neoantigen.
132. The method of claim 27, wherein the plurality of epitopes comprises a public database
of epitopes that have been recognized by human T-cells from any human, or combination of

humans, in a population of humans.

133. The method of claim 132, wherein the public database is the immune epitope database

3.0 or equivalent.

134. The method of claim 25, wherein the plurality of epitopes consists of epitopes that have

been recognized by human T-cells from the human subject.

135. The method of claim 25 or any one of claims 130-134, wherein the plurality ol epitopes

comprises 1000 epitopes.

136. The method of claim 25 or any one of claims 130-134, wherein the plurality of epitopes

comprises 10,000 epitopes.

137. The method of claim 25 or any one of claims 130-134, wherein the plurality of epitopes
comprises 100,000 epitopes.
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138. The method of claim 25 or any one of claims 130-134, wherein the plurality of epitopes

comprises 1 x 10° epitopes.

139. The method of any one of claims 1-24, wherein the probability that the respective
neoantigen binds one or more epitopes that are positively recognized by T-cells after class I
MHC presentation is computed as:

R =7Z(k)™ Z exp [—k(a — [s, t])],

teF
wherein
a i1s a number that represents a horizontal displacement of a binding curve for
the respective neoantigen,
k is a number that sets the steepness of the binding curve at a,
Z(k) is a partition function over the unbound state and all bound states of the
respective neoantigen of the form

1+ Z exp [—k(a — |s, t])]

teF
wherein,
F1s a plurality of T-cell receptor sequences,
each respective T-cell receptor t is a T-cell receptor from the plurality of T-
cell receptor sequences F, and
s, t| is a measure of affinity between the respective neoantigen s and the

respective T-cell receptor t.

140. The method of claim 139, wherein the plurality of T-cell receptors is a database of T-

cell receptors drawn from a population of humans.

141. The method of claim 139, wherein the plurality of T-cell receptors is drawn exclusively

from the subject.

142. The method of any one of claims 139-141, wherein the plurality of T-cell receptors

comprises 1000 T-cell receptors.

143. The method of any one of claims 139-141, wherein the plurality of T-cell receptors

comprises 10,000 T-cell receptors.
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144. The method of any one of claims 139-141, wherein the plurality of T-cell receptors

comprises 100,000 T-cell receptors.

145. The method of any one of claims 139-141, wherein the plurality of T-cell receptors

comprises 1 x 10° T-cell receptors.

146. The method of claim 64, wherein the plurality of epitopes comprises a public database

of epitopes that have been recognized by one or more humans in a population of humans.

147. The method of claim 146, wherein the public database is the immune epitope database

3.0 or equivalent.

148. The method of claim 62, wherein the plurality of epitopes consists of epitopes that have

been recognized by human T-cells from the human subject.

149. The method of claim 62, wherein the plurality of epitopes comprises 1000 epitopes.
150. The method of claim 62, wherein the plurality of epitopes comprises 10,000 epitopes.
151. The method of claim 62, wherein the plurality ol epitopes comprises 100,000 epitopes.
152. The method of claim 62, wherein the plurality of epitopes comprises 1 x 10° epitopes.

153. The method of any one of claims 38-61, wherein the probability that the respective
neoantigen binds one or more epitopes that are positively recognized by T-cells after class I
MHC presentation is computed as:

R=Z()"? Z exp [—k(a —|s, t]],

ter

wherein
a i1s a number that represents a horizontal displacement of a binding curve for
the respective neoantigen,

k is a number that sets the steepness of the binding curve at a,
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Z(k) 1s a partition function over the unbound state and all bound states of the
respective neoantigen of the form

1+ Z exp [—k(a — |s, t])]

ter

wherein,
Fis a plurality of T-cell receptor sequences,
each respective T-cell receptor t is a T-cell receptor from the plurality of T-
cell receptor sequences I, and
|s, t| is a measure of affinity between the respective neoantigen s and the

respective T-cell receptor t.

154. The method of claim 153, wherein the plurality of T-cell receptors is a database of T-

cell receptors drawn from a population of humans.

155. The method of claim 153, wherein the plurality of T-cell receptors is drawn exclusively

from the subject.

156. The method of claim 153, wherein the plurality of T-cell receptors comprises 1000 T-

cell receptors.

157. The method of claim 153, wherein the plurality of T-cell receptors comprises 10,000 T-

cell receptors.

158. The method of claim 153, wherein the plurality of T-cell receptors comprises 100,000

T-cell receptors.

159. The method of claim 153, wherein the plurality of T-cell receptors comprises 1 x 10° T-

cell receptors.
160. The system of 67, wherein the recognition potential of the respective neoantigen is
computed in the computing (D)(b)(ii1) as the product of the amplitude 4 of the respective

neoantigen and the probability of T-cell receptor recognition R of the respective neoantigen.

161. The non-transitory computer readable storage medium of claim 69, wherein the
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recognition potential of the respective neoantigen is computed in the computing (D)(b)(ii1) as
the product of the amplitude A of the respective neoantigen and the probability of T-cell

receptor recognition R of the respective neoantigen.

162. The system of 71, wherein the recognition potential of the respective neoantigen is
computed in the computing (D)(b)(ii1) as the product of the amplitude 4 of the respective

neoantigen and the probability of T-cell receptor recognition R of the respective neoantigen.

163. The non-transitory computer readable storage medium of claim 73, wherein the
recognition potential of the respective neoantigen is computed in the computing (D)(b)(iii) as
the product of the amplitude 4 of the respective neoantigen and the probability of T-cell

receptor recognition R of the respective neoantigen.
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somatic mutation in a plurality of somatic mutations determined from the |

| whole-genome sequencing data. |

—1328
-
| The plurality of clones is determined by identifying a plurality of inferred |
|_copy number variations using the whole-genome sequencing data. |
_____________________ 1 330

Each clone a in the plurality of clones is uniquely defined by a unique set of |
| somatic mutations. The plurality of clones is determined by a combination |
of (i) a variant allele frequency of each respective somatic mutation in the |
| plurality of somatic mutations determined from the whole-genome |

I

| sequencing data and (ii) an identification of a plurality of inferred copy
| number variations using the whole-genome sequencing data.

_________________ 1332

r The plurality of clones consists of two clones. |
_____________________ 4/r334

r The plurality of clones consists of between two clones and ten clones. |
336

| The initial frequency X, of the respective clone o in the one or more ]

samples is determined using the plurality of sequencing reads from the one |
I ! or more samples from the human cancer subject. |

Fig. 3B
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For each respective clone a in the plurality of clones, compute a corresponding
clone fitness score of the respective clone, thereby computing a plurality of clone
fitness scores, each corresponding clone fitness score computed for a respective
clone o by a first procedure comprising; 1340

_— 338

ldentify a plurality of neoantigens in the respective clone o. i

____________________ Py
"Each neoantigen in the plurality of neoantigens of a clone in the plurality | |

of clones is a nonamer peptide (332).
[Eaietsinssii i s beptide (_ l __________ JI/_, 344

| Each neoantigen in the plurality of neoantigens of a clone- iﬁh&;l@l@’i |
|

— 342

of clones is a peptide that is eight, nine, ten, or eleven residues in length.

-
|
|
|
|
|
|

— 1 346

Compute a cross reactivity load of each respective neoantigen in the
plurality of neoantigens in the respective clone u by a second procedure
comprising; |1 348

Compute an amplitude A of the respective neoantigen as a function of the
relative major histocompatibility complex (MHC) affinity of the
respective neoantigen and the wild type counterpart of the respective
neoantigen given the HLA type of the subject. 350
T
i_The function of the relative class I MHC affinity of the respective -]
neoantigen and the wild type counterpart of the respective neoantigen
| given the HLA type of the human cancer subject is a ratio of the |
relative class I MHC affinity of the respective neoantigen and the wild |
| type counterpart of the respective neoantigen given the HLA type of |
___________________ -— 352
| The function of the relative class I MHC affinity of the respective |
| neoantigen and the wild type counterpart of the respective neoantigen |
| given the HLA type of the subject is a ratio of: (1) a dissociation |
constant between the respective neoantigen and the class I MHC
| presented by the cancer subject given the HLA type of the cancer |
| subject, and (2) a dissociation constant between the wild type |
| counterpart of the respective neoantigen and the class I MHC presented|

Fig. 3C
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©

3338 (cont.)
346 (cont.)
348 (cont.)

|

| 354 The dissociation constant between the respective neoantigen and the

| | class T MHC presented by the cancer subject is obtained as output from a

| | first classifier upon inputting into the first classifier the amino acid sequence

| | of the neoantigen. The dissociation constant between the wild type

| | counterpart of the respective neoantigen and the class I MHC presented by

| | the cancer subject of the HLA type of the subject is obtained as output from
| the [irst classifier upon inputling into the first classifier the amino acid

| sequence of the respective wild type counterpart of the neoantigen (e.g., the

| first classifier is specific to the HLA type of the cancer subject and has been

| | trained with the respective class 1| MHC binding coetficient and sequence

| | data of each peptide epitope in a plurality of epitopes presented by class I

| | MHC in a training population having the HLA type of the subject). |

356 Compute a probability of T-cell receptor recognition R of the respective
neoantigen as a probability that the respective neoantigen binds one or more epitopes
that are positively recognized by T-cells after class I MHC presentation.

358 The probability that the respective neoantigen binds one or more epitopes |
| that are positively recognized by T-cells after class I MHC presentation is |
| determined by a third procedure that comprises: (a) selecting a respective epitope |
| e from an epitope database IEDB, wherein the respective epitope e is positively |
| recognized by T-cells after class I MHC presentation; (b) computing, for the |

respective epitope e, the probability
| 1 |
| Proinding (5, €) = T oo |
| where, [s, e| is a sequence alignment score between the sequence of the |

respective neoantigen and the sequence of the respective epitope, and 4 and « are

constants (e.g., a is set to 23 and 4 is set to 1); (c) performing the selecting (a) |

and the computing (b) for each respective epitope e in a plurality of epitopes in |
| the epitope database IEDB, thereby computing a plurality of probabilities |
| Pryinding (S, €); and (d) computing the probability of T-cell receptor recognition R |
| of the respective neoantigen as: |
| R = 1— [lecpsl 1 — Pryinging(s €)1, |
I_where IEDB is the plurality of epitopes.
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— 338 (cont.)
_— 1 356 (cont)

—— 1360

Compute the cross reactivity load of the respective neoantigen as the
product of the amplitude A of the respective neoantigen and the
probability of T-cell receptor recognition R of the respective neoantigen.

+ — 362

Determine the corresponding clone fitness score of the respective clone a as an
aggregate of the neoantigen cross reactivity loads across the plurality of
neoantigens in the respective clone a. B

8 p = 364

| The aggregate of the neoantigen cross reactivity loads across the plurality of
| neoantigens in the respectlve clone a is computed as:
F, = — max (4; XR;)

i€ Clore a
| where 7 is an index iterating over each neoantigen in the plurality of :

I_neoantigens in the respective clone a.

_— 366

|?h aggreg_ate_of the n_eo;tigen_cro?s re_ac?viglo_ads_acgss?i e_pluTal E of |

neoantigens in the respective clone a is computed as a summation of the cross |
| reactivity load of each respective neoantigen in the plurality of neoantigens. |

_———1 368

"The aggregate of the neoantigen cross reactivity loads across the plurality of |
neoantigens in the respective clone o is computed as a summation of the cross |
reactivity load of a subset of the neoantigens in the plurality of necantigens |
|(e.g., the subset of the neoantigens in the plurality of neoantigens constitutes a

| predetermined number of neoantigens in the plurality of neoantigens that have |
|the top cross reactivity load for the respective clone a). |

— 370

| " The aggregate of the neoantigen cross reactivity loads across the plurality of |
neoantigens in the respective clone o is computed as a nonlinear combination |
I

of the cross reactivity load of all or a subset of the neoantigens in the plurality
| of neocantigens.

Fig. 3E
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— 372
Compute a total fitness for the one or more samples as a sum of the clone
fitness scores across the plurality of clones, where each clone fitness score is
weighted by the initial frequency X, of the corresponding clone a, and the
total fitness quantifies the likelihood that the human subject afflicted with the
cancer will be responsive to the treatment regimen. P Y

| The computing a total fitness for the one or more samples as a sum of the clone
|fitness scores across the plurality of clones is computed as:

| n(0) = To X,y exp(F, ),
|where 7 is a characteristic evolutionary time scale.

— 376

| A lower total fitness score is associated with (a) a higher likelihood that the
cancer subject will be responsive to the immunotherapy and (b) a longer term |

(Survival of the cancer patient. —

Fig. 3F
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Melanoma anti-CTLA-4
(Van Allen et al.)
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Lung, anti-PD-1
(Rizvi et al.)
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Melanoma anti-CTLAL {(Snyder et al)
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Melanoma anti-CTLA-4 (Van Allen et al.)
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izvi et al.)
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Melanoma anti-CTLA-4 (Van Allen et al.)
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Lung, anti-PD-1 (Rizvi et al.)

§§§\§§\§Q\

RN
W

L

=
L a \\\\\
LR

a0
22 24 28 28

Logistic curve midpoint, a

wnecd
s
)
3 ¥

//
é

Logistic curve slope,

&
tn

Fig. 33C



WO 2018/136664 PCT/US2018/014282
50/150

A -

i

0.8

e

0.6

21028 188} yurl-B07

Fig. 33D



WO 2018/136664 PCT/US2018/014282
51/150

QO

o o
| S ]
R

‘% | ©

-

©

s .
: Lo

81008 1898] urs-Bon

Fig. 33E



WO 2018/136664 PCT/US2018/014282
52/150

™

N - B
?\\\\\\\\\'3

o

| <

§ F

fonnad,

0.0

Fig. 33F



WO 2018/136664 PCT/US2018/014282

53/150

Y

%

%
%,

\\\w\\\m\\’ 4

%
:
%
%
’
:

g

R

»
i

%

(

%

\\\\\\§

\\\\\ \\\ \i

\\

\
§
§
N
b3 R
§ §
%‘ :
g N
3 \\\\\\\\\\\\
M WY
§‘ N \\\\\ \\\\§\\\\\\\ R
& %\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\ 3
§ N

3 b \\\zx\\x\we\w\
N \\Q\\m\ B

[BAIAINS JUB2ID

Time

Fig. 34A



WO 2018/136664

PCT/US2018/014282

54/150

RS

%,,//
“,
iy,
s
0J///

N
RSN
< N & 3 \\\\\\\‘ § Ry
N
i 3 ¥ N 3
- %
§;\\\\\\\N§&\\\\\W\\§ N
.
] 3 3§
§ .
§ 3 N
N
§
N
N
roennend \\\“\\\“\“ &
N N
\ §
§ -
3 3
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\g
R \\3&.\\\\\ e B
&

¢ <
\\\\\\'\\\\\\\\\ \\\ SINNEN
¥
N

k\\\\\.\\\\\.\\\ \\\“\\\\\\\\\\\
N 3
3

S

\‘“ §\'\'\\\ \%‘"§"\ \\\\\\\\%\\\\\\\
\\\\ \\x\ % \\\\&\\\Q N
g

[BAIAINS U801

Time
Fig. 34B



WO 2018/136664

Acyr X AX R

PCT/US2018/014282

55/150

60

Rtcid

Q R mowoRoR

Wt
(L%

ity

N <
N §

N
A
§
R

20

”é :
wa

gy
11,

.
i

N

=

\\\\\\\\ %\“\\‘\‘ \\\\\\
Q\\\\\\\\\x\\\\\\&\\\\\\\\@

‘\

iy

§\\\\\\\\\\\\\\ \\\\\\\\\\\\\:
g

\\\m\\\a\ \\\\\\\\\\\\\\\\\\

3
\\\\cs. \ \\\&}KQ\\\\\\Q
\ ¥
sy

[BAIAINS JUBDIO

Fig. 34C



WO 2018/136664 PCT/US2018/014282
56/150

%
/ .

Snyder et al

Van Allen et al.

5 g 3 5 & p % < & 3 [ LI N < ¥ 3 ¢ % 3 R T T T

@Nmmmwmm

91008 1881 Mues-bo

Fig. 35



PCT/US2018/014282

WO 2018/136664

57/150

g¢ "B

PES0 £0'T-86°0 I PIYOWIS Siesj-yoed
6EE0 G2V 190 191 (ajey) lepusn
2960 S0t --GB0 ! aby
9100  SP/L-¥EL S8V ueipapy < (Hu
snjea-d 10 %56 HH sjgeliBA
IAZIY
8lz’0  IZh-SV0 2L 850  69L--0V0 280 (oo Jopusn)
eV 20660 L 2080  E£0'4-860 ! aby
2.0 88E-090 TS} 8910 0Ob8-B690  i¥T o sbeig
€040 O¥Z-[20 80 690 GL9 €0 9¢ 4 QLN ebeig
P00 GLE-GZl 661 1000 S/8--2/ 1 98¢ ueipaiy < (1)U
onjea-d |3 %56 HH snjea-d 10 %56 HH ST
LSy UBA smwﬁhcw




PCT/US2018/014282

WO 2018/136664

58/150

L€ B4

IXVIAZTY ssawyy ueSnueoauanding g B§ 1AZry suowusie uaSnueodu/eieindul 1x)1azry susSnueosu ejeinduy Ad urewas uoyiAd
1x1IopAuS ssawyy uaSpueodunding y¢ g JepAug sjuowuSie waSnueoau ereinduy 1x1 10pAug suasnueoauereinduy Ad urewois uoyiAd
IX}US[[VURA sseuly ueSnueodu/nding ¢ eg ud[[yue A sjuewugie usgnueosusejeqpndul 1x1us[[vueA suagnueoauseiecinduy Ad uretn/ois uoyiAd
9¢698 =Y

‘97=t

s1o1awered [apour ssamy #

#

T T T T T T T T T o T R R e T

1809 $SaW pANAdWod YHM SUISUROAU :JOP[O] INdINO POd I2IN0OS #

JndinQ #

#

JOP[OJ SPOD 22INDS #

IS #

_ _ _ #

<[WX'ZO9p TV SUSSTUBOSU/IAZTY SIUSWUSI[E udSnurodu eiendurs #

< [ puaxades- 11 uadode3- 00000000 2N[EAI- ¢ JWUINO- BISEY qpayeie(pnduy  #

qp- <eISe} ZOOF TV SUSSnuROSU/IAZTY SiudwuSie udsnueosusere(pndups Asanb- diselq #

se uns 5o #

‘a1duwes yoea 10§ s9[y ojur Jifds ‘susSnuroau [[e 10] sjuswuSie disejq pamndwooaid yiim s1opoJ JuswuSI[e usSNUBOSU ‘¢ #

saouanbas adojido gHT Y1 2[1f BISBJ [RISBJ QP21 T #

(‘T8 19 1AZIY PUE '[& 12 JOPAUS “TE 19 US[[V UBA) SHOUOD ¢ IOJ SO[IJ BIeP-USS1UBOSU | #

epecpnduy ¢

#

‘amonns A103031K( #

, #
(Tenuatod uonmSooar) 3509 ssauwyy vasSnuroou ondwo)) #

T R R R



WO 2018/136664

e Wk

59/150

PCT/US2018/014282

Fig. 38A




WO 2018/136664 PCT/US2018/014282
60/150

m
o0
)
k2
™

Pt R
ey




WO 2018/136664

61/150

N

=
S

o
]
S

R
&
Bl
2
g

R

S

5
k§\\\

PCT/US2018/014282

g

spf

Fig. 38C



PCT/US2018/014282

WO 2018/136664

62/150

N
N

HigsnsNaoan

IFEARINRS

Fig. 39A



WO 2018/136664

Y
S

nEy

63/150

ek

G

PCT/US2018/014282

Fig. 39B



PCT/US2018/014282

WO 2018/136664

64/150

Fig. 40A



WO 2018/136664

PCT/US2018/014282

65/150

& 3 Sk &%
e B ¥ R

RN
KT N N 2 <]

X

Fig. 40B



WO 2018/136664 PCT/US2018/014282
66/150




PCT/US2018/014282
67/150

WO 2018/136664

0% ; _
¥,
2
g
bos 2
o HED0I 8L 0= o
(81 0-L00) 00 = UH = LOOTD 5 of |
LODDD > o e OIS b
xam‘umw mm\m o gy g\\wo\.wlmm ﬁ{ir& N
o / o~ ey Buo- 1 I
wig Buoye § 1 =30 SR B i
UOUOD BUIOKISUREY WoUOD Bumuenbes Wt
GIB6A
oL g O
ey o
7 fo
\;&\\\“\\\\\W m.
m\\\\\\\m <05 5
(BEO-1OI6LD=H = (LE0-1 0 mw,ma U
LON00 > o - Wooo > o %
IS5} LI g wia W\MQ»\M} g m\\ m
uua) Buoter 004 wef BuoT T} 301

1
UoUony Bunusnbag suiong SIoum WOUOT) ARLIBOIONA SNSS)
it B : k Fik

4
¥



WO 2018/136664

68/150

N

.

.

\\\
\ ..\\

\\\ W

R

NN

N

\\§
N

X
R

"s\\‘\\ .

R

X
X

PCT/US2018/014282

Fig. 41B



WO 2018/136664 PCT/US2018/014282
69/150

7
¥

Long Tern

A

=
W

Fig. 42A

W
w\\\\\\\\\\\\\\\\\\\w@\‘\\‘\

R caaed

&%

T IBARINS JE0I8Y

Short Term




WO 2018/136664 PCT/US2018/014282
70/150

n=45 n =51

S

%

e R

300+:£00 10 'ON



PCT/US2018/014282

WO 2018/136664

71/150

azy b4

JOHW .8900 0200 -dINYT-D0.£dX04.£00

0

5%
gl g,
W AN

% 0

e

(16 = u) uusy Buo o




WO 2018/136664 PCT/US2018/014282
72/150

Fig. 42E



WO 2018/136664 PCT/US2018/014282
73/150

Ahhh

o
< f

= I T - -
AHBUND

g

i
Do
Ay

¥
e

o -
B R
el o
A

.
44

P
G
7
5

PD-1

L] X
Ll e

SN 3
SR

L

Fig. 42G

Fig. 42F



WO 2018/136664 PCT/US2018/014282
74/150

Fig. 42H



PCT/US2018/014282

WO 2018/136664

75/150

Fig. 42|



WO 2018/136664 PCT/US2018/014282
76/150

Fig. 42J



PCT/US2018/014282
77/150

WO 2018/136664

Mgy 614

m\m
7
7

Z
% “\\\\\\\‘\\“

AN
=

.

N

Z
7 \§§§

BAIMNG

(g7 = u) Adeis




WO 2018/136664

78/150

PCT/US2018/014282

Fig. 42L



PCT/US2018/014282

WO 2018/136664

79/150

£

qo-20

Cal

20

0 ¥0
0 9l
0 02

bOG0 | B
b0 X
L i

50 €L

AYSUDD G-BUATURID-GO TS
weyy
afieys mbomed
Adwasponsags jueanipy

BB A~c]
@y uRAITY

I3 %56

ey

IBZEH

ey

SYB A DIE7EL

BgELEA

\\.\\\
%

\ \\\\\\\\\\\\

£00=d

.

PR




WO 2018/136664 PCT/US2018/014282
80/150

27 &

Long “ﬁw‘n

A

i

10

S

.
SR

RS

B MM &
& £ 3 8o =
o 2 b GI 3



PCT/US2018/014282

WO 2018/136664

81/150

gey 614

s 1 4

AWV

o,
kAR
T

AR



PCT/US2018/014282

WO 2018/136664

82/150

py BI4




WO 2018/136664 PCT/US2018/014282
83/150

N \\\\\\\\\\\\\\\\\\\

g

Fig. 45



WO 2018/136664

PCT/US2018/014282
84/150

ot Eisiih,

=

Y

PR e

ki

Fig. 46A



WO 2018/136664 PCT/US2018/014282
85/150

Fig. 46B

BLOOD

-~
B




WO 2018/136664

DRAINING LYMPH NODE

86/150

R

PCT/US2018/014282

Fig. 46C



PCT/US2018/014282

WO 2018/136664

87/150

aoy b4

k1

dNONNL




PCT/US2018/014282

WO 2018/136664

88/150

LRI BREET

GO BB

.y B4

wompyry Guneouni; w8

BOIRIRNY a1usy

Yt POVHAS
VoBE YINAGO
%8 £5dL

%06 Sy



WO 2018/136664

Nonsynonymous mulations

7 Missense mutations

Med
72
é1
38

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\

89/150

‘\\\\\..

s
E

N

L
EE——_

anown) sed equny

PCT/US2018/014282

,

NIRRT
NS

Fig. 48A



PCT/US2018/014282

90/150

WO 2018/136664

i

2N L, %
. G s
T 257,

e .n\\\.w

¥ we

Fig. 48B1

‘“NNNW

o
\\\\\2\\\@\\\\“\

P

£
R\
a8

3\\\\\\\\\\\\\\\\\\\\\&\\\\\\i\\\\*ﬁ\
¥
2

Y

s
VARG VIS0 ARG VI8

S

W W

T Lo

v

A




PCT/US2018/014282

91/150

WO 2018/136664

5%,

7
Yt
2 50.
L
7
#
o, ”
7 < 74
s 5
% g
7 7
Z 1
Z 7
Z 1
Z 7 oy
Z ? il
/ : “
2 z e
z: z 57
. m ) =i 4 ik
s % it 4 s&\
: 7 7
, Z % 7
7
i Z 5
e i 5 2
| P B I *
m“ d E> 1 4
] i) £ > L
: ? 0l
3 2
% ] 5 g w4 g
3 :
Z
2
5
2
:
‘
w, :
3 B o e RPNy s o rosmannsnirana
\xx.\..‘\&\\\\\\\\\\& o .\\\\“«“\%\\\\\\\\\\x e e e
z Fi? i il
e 4
P
Bt
5y

Fig. 48B2



WO 2018/136664

PCT/US2018/014282
92/150

SR

W Long Term |
TiBhort Tenn

Neoantigen®™

g Rest
CD3-CDB™

Necantigen
COECHE

Cluster 1

X
AR
R

Chasler 8




WO 2018/136664

A

3 3 RN

@

g4
&
%

93/150

ey

Ry
F\\\*&
o

S

sk

ANSNNAN

=
TS

PCT/US2018/014282

Fig. 49A



PCT/US2018/014282

WO 2018/136664

94/150

Fig. 49B

Neoantigens - MSKC

G
g



WO 2018/136664 PCT/US2018/014282
95/150

£3

¥
§‘ R | R
antgen ™ (n=ih)

7

AN SN
\2§:

Porcont survivy
7%

B

o

' RNNY

FL SIS SNt

b

Fig. 50A



PCT/US2018/014282

WO 2018/136664

96/150

(BAIAING 18104

V..

Ry,

s

i

. .§
\.\“Q.\vwwv.\&a\\.\.\\\&&\v\x\.\.v\{x.\wxu\.\\\
g

i

[BAIAING D00

§ §:§*

Fig. 50B



WO 2018/136664 PCT/US2018/014282
97/150

i

Porcont survival

o

Y Y
0 4 8 12
ﬁ;

Fig. 50C



PCT/US2018/014282

WO 2018/136664

98/150

1G Bi4

UOREY SAUBESIY g VORI BUBLY »  vonEnyg Dugean, u HONEIRY BUBS

wiaj buon

wia] Joys

%82

Yy e

Yl B

%i6

PAVINS
VZN©OD
£SdL

SYHA

YavE
YENAGD
£5dl

SYuA



PCT/US2018/014282

WO 2018/136664

99/150

ule] ulel
Buoy uous

susbpoan

laquinN

26 b4

ups]  uuse

Buo Hous

Snou @%@%ﬁ

IBGUINN



PCT/US2018/014282
100/150

WO 2018/136664

¢G b1

N 5 - )

o
X
| e8]
o

AR A A A A
proes:
sy
i
%
e

A 1 k

%

\\\\\\\\\\x\\\\\\\\\&v
2

o

ROS

¢ @\ 2

IRAIAINS JUSNSY

&

PR

W3
JEALAINS JU8dIaY

JIHL T g

SI0B )

o
—
ped

M\N\\.&N\\M\Wﬂﬁﬂm,

S g
N\W\\\\\\%\\.\\H\. )
4,
Y,

“«s s
f |

o
Wy

g

AIDE JUSRd

IRANANTE IR




PCT/US2018/014282

WO 2018/136664

101/150

vyG b1

»

LN
\\\\ \\M\N\ 2 s sunlnunms s g
G ;

3
§#

[

Ryl i g

BEesy kBB

Ry

AR

s R g

s Ayprend wab )

S S s s B o

55 %
7%



WO 2018/136664
102/150

R

&3

foe
o8

f.
R

LB R Y

dy ‘5’%%

@ & SN
R R
g Y EE A
L ey

“

\ N
X TSt

\\\“{{x{\\\\\\\ Q}k - \“s\\:‘\{\}\\\\g\\\\{e\\é\\\\\
N

PCT/US2018/014282

.

SR
\\\\\ \\\\\\\§§.Q\\§\

\\ \\\k\\\ R
\ R \\\\‘k\

R R _r s
NN \\\\\\\\\\\\\\\\‘\\\\\
R \ R \\\\‘\\\

R N
R _\\\&\\\\\\g\\\\\\\\%\\\\\ R
R

?
?/
_
Zﬁ/
_
_
77
7
/

\
\\\\\\\\\\\\\\ Q\\\\\_\\“ 8
A LR R
\\\\

'f




WO 2018/136664 PCT/US2018/014282
103/150

N\m&w&mm\%@&x\*%

\§

3 ‘
L

\\\\\&\x\ﬁ

S

Fig. 54C



WO 2018/136664 PCT/US2018/014282
104/150

\\\\\

Fig. 54D




PCT/US2018/014282
105/150

WO 2018/136664

13¥5 B4

z1 9 0
i i M.w

“\\\\\“\

E NS

I

T
SRR

w§§......
GO (b= of
{p = U} Adessyioweys wesniy,.Aunenb uabyueoap g~
{7 =y maﬁmﬁmh U juanipyAuenh usByusonn e
e
er

G

FiBAIAINS

o
{%

{07 = 4 Aduispowsud weanipy.Auenb usBiusosyy e
147 = U} Adeisygiowsys ueanipy, Auenh UsliuBOBN ey

L L i

220610V JE0 =¥H T Loy 0%

2000 = o T
(67 = U)o fuenb usBuueosy -
{67 = u) Auenh uaBuBOaN we

(%) 1AlAIng

001




PCT/US2018/014282

WO 2018/136664

106/150

Z3ys b4

SIEBA
A 9

“\\Q\\

PRUHRRRT

%

i i

R an
N

100 = d

{61 = Uhfipuenh usbaueosn..Ale
{1 = unfauenh uabuueoap,Aenh uabjueospy “€
MNW: = urAmuenh usBiuecsn,Auenh usBiusosyy ¢
{74 = U} wimuenh uabByuecan,Anenb vabyueoap] ~p-

HEND UOBQUBOON 1= gy e

(G

{ag) paang

“Loot

" m W @\w M W Mw e ,WWW\\W ..........................
YD =of

{11 = 1) AeIsoweys Weanpy -

(11 = U} Adessuowsun weanipy e

e
e

S

<3
e

L1 EBAIAING

(%

001



PCT/US2018/014282

WO 2018/136664

107/150

€3pG b1

8000 Z0-10 €0 €000 Z0-10 e0 AienD uebnuecsN
- - - Z0 pE-10 G usbrepy
- - - ¥ V60 ¥ abejs oibojouzed
LD A 50 700 B0-LD il Adesauoweys Jueanfpy
oney oneY
enfeA-d 1D %G6  pIEZBH  ONBAd  ID%G6  piezey BlqRLBA
S IBATINNY SR BN




PCT/US2018/014282

WO 2018/136664

108/150

i,
\\ww.\\..\.. R W ‘m

o 53
1

\ LL

. ,&_x <
& Ty}

Z

7 .

\ )]

z - —
7 L

o



WO 2018/136664

Meadian

54
44
32

% Monsynonymous mutations

e
%ﬁi

109/150

ations

=
£ 5
o
&
3

g

&
Wi Meoant

\\\\\\\Y\\\
\\\\}\\

‘\\\\\\\\\
mmm

T

S Q
\\\\\ \&\\\\\\\\\\\m

RN

mw\\\\\\\\

3 3
RO
\\Yx\\\\\\\\\\\“\\\\\\\\\\

=
&\\W\\\\\\\\\\\\‘C\\\\\\\\\\

AN
I I AR AR
LNRNNNY '\§§ RN

NN
) SR SRS
:m\\\\\\\\\\\\\\\‘k\\\\\\\\\

R R R R SRR
,,,,,,,,,,,,,, .\\\\\&\\\\\.\\\\.\\

PCT/US2018/014282

M

\\\\\\%&'
NN

NN
R

R

wn&\\\\\\\\\.\.\\\.
AR,

O

R
\\\\\\\\\\\\\\\\\
\\\\\‘\\\ SEREN

NW\\\\\\\

< RN
R

\\\ \\\\\\

T

_
“\““\\\\\\\\ =

AR W
\\\\\\\\\\\_.\ AR
N\\\\\\\\\\\\\

O

RS

\\\\\\\\\\\\\\\

AR
AN

m\\\\\\\

NANNRNANN
AN

‘1\\\\\

RN
NN

AN \.\\\\\\{\\

B

TR

3T
\\
\\\\\\

\\\\\\\ S
RIS
OO
R
"\\\\\\\\\\\\\\\\\\\\\\\\\\\
SRR

Tumour Sa zg’zi% { ﬂm%‘:ﬁ%ﬁ}

R

\w\\\\\\\\\\\\\\\\\\\\\w\\ R

3
\\\ ‘\\\\\v‘\\\\\\\\\\\}\\\\\\ \\\\\\\\\\\\\\\\\&
Y

RIS

=m\\\\\\\\\m\\\\

EE

Y

A
AR

R

B KRR R
R R
\\\‘(\\\\\\\N‘NW
R

3
N

‘k\\\\\\\\\"h\\\\\\\\

R \\\\\\\\\\\\\\\\\*&\\\\\\\\\\\\\\\\\\\ 5

200N SR
R R R A

B TS
3 SRERRIINRINEE
3
/X
X
& ARNRNAAANRANN \\X\ \\\. \\\\ SO
\\\\Qé R

NOWINY sad JeguInN

3
B R T AR RO |

-
.-
DRI

= Y
N N

\\\\\\\\\\\\x\\\\\\\\\\\\\\\\\\\\\\\\\\\?\“ﬁﬁi\\\\\\\\\\\\

Fig. 54G1



WO 2018/136664 PCT/US2018/014282
110/150

== Neoantigen quality™ (s = 84)
Nﬁ%@ﬁmﬁgm quality*” (n = 82)
5;‘-‘ < : {}g}m

R

Fig. 54G2



PCT/US2018/014282

= U} Adeisypauisy ey, Al

m 71 = u) Adeisuioweys Juean
b = U AGRISOWIBL
= U} Adespowsys ueanipy, Agenh

AR e A

111/150

= U} wpimpenh usbiuecsp oAl
i JAoppuent usbpuecs)y §b
mmm @ U W_ %Nm%mw a@mma%@x
‘ Suenb ualy

WO 2018/136664

€OPG bi
g g w Nﬁ O

L L L S E’ W\

\
G, Lz

%: S
\\\\
w\\\\\\\\\\

\§§§
(.
iy

ASEERRRER

k
SRR

NN

Hg

) UE

Wﬁﬂ\m:wwm s mmw\m@m\w@wfm g

%wm@gma s
ug

SRR

R
NN

SRR

2

Bruposn e 8001

o
)

SIBBA
R T A 2

2 “\ \\.\
\\\\\v\\u\ 4%

N

........ g oy,

CO G = o

Bnh uBBIUBOAN wpe

2 « Ul UBoap we
b usBuBosn e

ol LEDILBOBN e



PCT/US2018/014282

WO 2018/136664

112/150

yOpG b4

LO'G Go-v0 50 bOO0'0 PYO-E0 v AN uabiLBoaN
a0 46600 60 LOOC g9l 9'¢ el
LO00 -9t L'e LOOO'G LevL £ Let-
“ = = “ “« “ mm(
by
POG aki—-t'4 A SUIRY 120 i VB ge Al sbers
400 FG18'0 P 100 i iRt §zZ i abielg-
- - - - - - | ebeyg-
abes aboowyrd
LOO'D L0208 0 LOOO'¢ §o-20 &Y Adeisoways JueANDY
SRS 10 %56 oney) piEiEH  @BEA-d P %% oiiey plezeH BIGELEA
SICLIEAINIA BIBUBAIIN R




WO 2018/136664

PCT/US2018/014282
113/150

.

X
T e \\\\\\‘\\Q\\\ NN

i

AN
L L o
e

RN N NN

7

3 PO e
"

ST - B

cems (RSB

SRR

i

FE \\\\\§N £ S
;?\\\:% . \&\%

-

Log-ramd

Y

80

- o
R

:SE X
555 .

TR e _=—_=—_,_,)

R

X
N
TR e

N @\\\\-- »Q\\\: m
3

RNt :Hvu
N

.....................................................

1, i
= <
L 3



WO 2018/136664

114/150

\ -
Q\\\\\\\

\\\>\\ ‘

.

18

%

o ¢

4

4

e AT

N

P

0%

?{ff’/,

PCT/US2018/014282

§§\ §§§m
: \\Q\\\ Q\\\ \ \\\\ \\\\
> \\\\\Q

e

, %ﬁ/

f

T T T T T T T

\\\ \\\ \\\ \\\

%\ﬁ ............
&8

mé}mmm
X

\\ \\ \\i\\ 3
R

R H

\N

\\\\\
N

, \\\\\ \\\\\ \\\\\\\ X \\\§\\\
Sy
X

\\\\\\\\\\\\\\\\\\\ :
Nlnmiinnng

\\\\\\\\\\\\ |

zzz zz 22 z:z. % Z:%%“:z 2@

\\\\\\\

Fig. 54H2



WO 2018/136664 PCT/US2018/014282
115/150

Fig. 55D

&Y
& R Q?
S Sy NS
N O LI
SNy NS

\\\\\\\\\\\\\\\\\\\\\\\\\\\\ R

il

;imigg*‘@g mm I
SLONN e #

éﬁ&:a&z& i \g}%

sualipurosu
i spusged jo g



WO 2018/136664

116/150

PCT/US2018/014282

S
&
-

Fig. 55E



PCT/US2018/014282

WO 2018/136664

117/150

Fig. 55F

Aouanbauj aj9|e
juenw 9L 0NN

Fig. 55G

suabijueoau
U3Im sjuaijed jo o,



PCT/US2018/014282

WO 2018/136664

118/150

)

m:mmrrmom: ILONN
yum sjuaijed jo 9,

Fig. 55H



WO 2018/136664

119/150

SO S e

PCT/US2018/014282

Fig. 5511



WO 2018/136664

120/150

PCT/US2018/014282

Fig. 5511



WO 2018/136664 PCT/US2018/014282
121/150

%

\\\\\\




WO 2018/136664

122/150

/

PCT/US2018/014282

Fig. 55J2



WO 2018/136664 PCT/US2018/014282
123/150

NN
N

R

#1

i

2

5
4

2
;

Ay

B
G,
2

A,

N

A

5 NSNS { 2 w.\\:

£ Py
L2 S

Fig. 55K



WO 2018/136664 PCT/US2018/014282
124/150

Fig. 55L

St

SN

.
L




WO 2018/136664

PCT/US2018/014282

125/150

030

3

L

4]

.20

0.15

0,10

<

e

3 o

en .}\\\\\\\\\\\\\\\sﬁcm\\*\\
SN I

~18

»
e B8
»*
cososnssos {} 4
L

S e
\:‘\\\\\\;‘\\\\\}\\““§““\\§\\“W\\\\\;\\\\“§“‘N§

10 %

Fig. 56



WO 2018/136664 PCT/US2018/014282
126/150

Fig. 67



WO 2018/136664 PCT/US2018/014282
127/150

B
an
SR
AR
SRS
A

.

% Larg vorm
A

SRR

RN
LR
R

Fig. 58

WE

SUDEDINGS & USRI DRIR OB #

MUCH
WILICHS

Fig. 59



WO 2018/136664 PCT/US2018/014282
128/150

" KRAS TP53 MUC16

Fig. 60



WO 2018/136664 PCT/US2018/014282
129/150

MUC18
mutant

MUC16
WT

81008 Uoissaldxs
uisoid 9L ONIN

WT

YNYW 9LONIN

Fig. 61



PCT/US2018/014282

WO 2018/136664

130/150

wie | Buoe
Wiz | LiIOUS »

29 614

D--ANL

B




WO 2018/136664

131/150

BALEIEM YN HW

JAK2

MYC

PCT/US2018/014282

Fig. 63



PCT/US2018/014282

9 b4

uis
os3y  LIM  ¥ONW  LONW

WO 2018/136664

132/150

uie | BuoTe
uus] HoUS e

uoissaldxyg
angeaM YNHW



WO 2018/136664 PCT/US2018/014282
133/150

%zzz AZ

¢k

///

2100G UOISSIAXT

Fig. 65



WO 2018/136664

ooy

R

1

TiLd

5 1

iy

£3
2
%%

YOy

PCT/US2018/014282
134/150

N AN S

o ARSI RS

200000 PANNNNNE »
ARANINNRRAT ST

-
RARRER L RS LAARR LAY A

EERRERRERRLARN
P

PR ERR.
OO AANMANMIMAN A NS

IR AN
RN AR

SN R
RO

A

Fig. 66



WO 2018/136664

3 Strategy

|

Gat

135/150

T

PCT/US2018/014282

Fig. 67A



PCT/US2018/014282

WO 2018/136664

136/150

oAb oo il vin i S )

TSR TR Y W T T N

Lok e

P

i

AALLLALLLLELLY,

%
%
Z

it

73
K4

\\\.\\\.\\.\\\M
i )

- \\§.\\\\\\\\§\\\Am

ekt Sstes < Mades i ks,

Ak

& #IN
080,48

- L # HN
.‘ L 1080.9

RS ‘“\\

RTINS,

E JuBne@L
L080.H

rrrr.r;rE r. E
1 A
3
3
. L
{ 3
s
. Gy

|

LS

{20 800 Uo peleg

“”

uoa

 GUON

ST



PCT/US2018/014282

WO 2018/136664

137/150

Bty K et i r o B R 4 1 b

e
25
i

sty

/

g SEHONOG

89 b4

ORI, "N

b # HON

¢ #

BUON



PCT/US2018/014282

WO 2018/136664

138/150

uabiueosu
Ayjenb-yoiH
P
s : G-

Nepis
G0~
-0
LG'0
L'}

oy
pr

zy

24008

v69 b1

Z YNHW

2100%



PCT/US2018/014282
139/150

WO 2018/136664

g69 614

Ayrenb usbiueosy PINEW SN LN d YN EW SN LN d
nowny Ay B bl (e
— 2
, RL :
= Y
0 & -20°0 |
2.z | \
o0 [0 = siseiseioi o [EU0
2000 =dle0 £ el
A Aypenb Aupenb
= MO

UBUILLIODOUNUILLY




WO 2018/136664

140/150

ot
o~
C@
Rt
o
<=
iy
=
PRV
0
0
Qs
5
th
&
&
oo
(3
Froee
@ |
&
T
@
e
o D
bornpiney ™ i .Vv‘n»-»"'-.\».m »1‘\
2N SN I v O0Lg0

Expansion

Degranulation

PCT/US2018/014282

CLe

Fig. 69C1



WO 2018/136664

Degranulatio

T
D
N

W RS

=

- 0.03

.
L.

P

141/150

¥ i
S0 %@\ M\%
> 3

PCT/US2018/014282

S 4
O o alld
® \§\\\~§ 3

//I/g/////

o
o] ¢!

50+

% |

X
_ U
R R

N
3

E]

N WTCR M

Fig. 69C2



WO 2018/136664

}

%

e 9.5 yean

A

ED &

oy

B

R

Patient 2

e 1.5

,m
i
i

ent 1{MED, &

5
H

Pat

142/150

PCT/US2018/014282

TS
4L
i

e

¢ ey 1

s
g}

Clons frequenc

\\\N‘ 3
O S 1
ol & N
ot A ¥ {33 b ) 225X e {3208 3 et i 4 LS o
“ c\: ; ~; \:.:; o T
& o - b
Ll e R R P
L2 Asp Anuenbsey suop
SV
o b Sy
s e ft\:;
- s
A &
§ 2 &
e -~
S
i oo,
B
=
L N
- R e '..S’i
B Y 2 {2
el
.:;r 7; t?:} \‘{ \\;\ p;_') Lot
& 3 £ & o £

12 Aep Aousn

had) sun

Fig. 69D1



WO 2018/136664

143/150

=
i3

LB LY

s

00

faiass Sl o u i s LS e et
Y o L g fte]

{ : : ¥

X 2 o o L
- o eait o -

L2 Aep Aouanboy suom

Do

e

) i

Yo

¥
i

=

e 3
13 . 1
Y

™ g ¢
» ¥ F &
RS -
K

o3
Lt N LY,
s SRR SR -
] ->;~ (\e ‘M{} ;5 b \;’:
Q. & foo & & &

L& Arp Aousnbey sugy

X

ft

PCT/US2018/014282

7(}

Y

USNCy dg

£
fre)

Ed

rey ey §

&
%\..:V;“
&
S
g
9
5



WO 2018/136664

}

Sars

ve 11,8y

,
2
H
H

H

MED, al

Patient 6 {

B

PCT/US2018/014282

144/150

; @.‘ﬁ&”&%’m‘?«\\\\\\\\i\\\\\\\\*&&

S RIS
3 R RN

Nt

P

faxs
{

St

e
{

2 % e : o3
e O -‘fg 23 RS Al
sy o - - i
oy o o2 &2
= = = e

£ oy & o o i§ <
oy Asuenbay sugD
N
| o
o
el
A IRRE RN
O N
E Hy
R A &
£ A 3 iy oae
3. £ [N H
L3 3 S O3
-~ ot foved o=

12 Aep Aouanbay) sugin

oy day

i

Lieg

§
%

Fig. 69D3

y chay O

ne

Clone freque



WO 2018/136664 PCT/US2018/014282
145/150

o

.

H

ey
4 £
37

usncy day 0

) o
1%
o

LN

e A

i

Anne freo

»

\\\\g\“\m
R

*&;3 (\\'\'\ixz\\\\\\\\\“\\ -
& A AN TN
=
o B S e e SRR <poeap o
5 2 Y ¥
&3 el o Lo 3
e e e o yoee t
Z Aep Asusnbay SUo o
LT

ay O

0.9

£y

p

..,.,w;
-
4
£

B

107
Clons frequency

&

o .
- .
Lid b £
= P
Fowm , 4
e {3 3

5
o g
fa ki ¥ i ¥ &8
&y F oy o 3 Wy e
B e N \”;\ & \f XS g
0 fwe] fe] o $9003 o
!:l\\ e A L ol Lol [

“

Fig. 69D4



PCT/US2018/014282

WO 2018/136664

146/150

ard 3

Pali

ant 2

Fat

(00

2

Fig. 70A1



WO 2018/136664 PCT/US2018/014282
147/150

251H BLONW
M GLONN

IOI08A

Ty
n

S5LY 8L0NN

W GLONN

IOIOBA

kDa
250
150
({ei%

2937 cells
501

[ b ey ’
S a5 "{S}‘

R SR RRs

& = =

= L T

& =

Fig. 70A2

KLY

E

PN %
R N

BN votesaches ROy Lowmsagos B Laassihe
et SL 0w usmesd SLOIBY s LR



PCT/US2018/014282

WO 2018/136664

148/150

290/ b4

R R R S

e W“.

o

G SRSt o A

SUSSSREERSES

A

WOLONW

BN SSESSSSS

T
3




PCT/US2018/014282

WO 2018/136664

149/150




WO 2018/136664

Quality
Assessment

Sequencing

Neoantigen

{

\

150/150

N

PCT/US2018/014282

Whole exome
sequencing
S v - Mutect
omatic Mutect Rescue
mutations

HaplotypeCaller

NASeek
PVAC-Seg

for each

MT and WT
17-mer peptides

mutation

HLA allele typing

SOAP-HLA

NetMHC-3.4

Ny

Predict binding of
sliding 9-mer peptides
to different HLA alleles

A 4

NASeek
PVAC-Seg

Identify mutations with
predicted binding affinity
<500 nM to patient HLA

\d

Candidate
neoantigens

For each neoantigen

MHC Amplitude
W perMT
4= Kti f‘i Kff

TCR recognition probablity
B = 20001

Z exp [~kia - |, el}]

PESEDE

NetMHC-3.4
A 4 ) 4
Neoantigen quality
AXR
y
Tumor clonal structure
I

Blastp Bio.pairwise2

Tumor effective population size

nir) = Z Xo0) exp (FLT)
o

Fig. 71




INTERNATIONAL SEARCH REPORT

International application No,

PCT/US2018/014282

A. CLASSIFICATION OF SUBIECT MATTER
See extra sheet.

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

IPC (2018.01) A61K, A61P, C12Q, GOIN, GO6F

Minimum documentation scarched (classification system followed by classification symbois)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See extra sheet.

Electronic data base consulfed during the infernational search (name of data base and, where practicable, ssarch terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categorv*

B

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X
22 Jun 2017 (2017/06/22)

‘WO 2017106638 Al GRITSTONE ONCOLOGY INC [US]

Abstract, para. 00247, Figure 14, Example 6, Sections VIII-X

1-74,97-101,106,107,
112,124-163

neoantigens." Genome medicine 8.1 (29.01.2016): 11.

Retrieved fiom the internet on; 18.04.2018

29 Jan 2016 (2016/01/29)
Figure 1

URL: https://genomemedicine. biomedcentral.com/track/pdf/10.1186/s13073-016-0264-5

X Rubinsteyn, Alexander, et al. "Computational pipeline for the PGV-001 neoantigen vaccine 1-74,97-101,106,107,
trial."” bioRxiv (10.08.2017): 174516. 112,124-163
URL: https://www.biorxiv.org/content/biorxiv/early/2017/08/10/174516 full.pdf
Retrieved from the internet on: 18.04.2018
10 Aug 2017 (2017/08/10)
Abstract, Figurc 5
X Hundal, Jasreet, et al. "pVAC-Seq: A genome-guided in silico approach to identifying tumor  [1-74,97-101,106,107,

112,124-163

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:
“A” document definiug the ral state of the art which 15 not considered

1o be of particnlar rel ce

“p”  carlier application or patent but published on or after the
internationai filing date

“L7”  document which may throw doubts on priotity claim(s) or which is

cited to establish the publication date of another citation or other
special reason (as specilied)
“Q7” document referring to an oral disclosure, use, exhibition or other
means
document published prior to the international filing date but later
than the priority date clatmed

wpr

“T”  later document published alter the international [iling date or pricrity
date and not in conflict with the application but cited to understand

the principie or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannet be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannuot be
considered {o involve an inventive sicp when the document is
combined with one or more other such documents, such combination
being obvions 16 a person skilled in the art

“&” documernt member of the same patent family

Date of the actual completion of the international search

26 Apr 2018

Date of mailing of the international search report

26 Apr 2018

Name and wailing address of the [3A.

Israel Patent Office

Technology Park, Bldg.5, Malcha, Jerusalem, 9695101, Israel
Facsimile No. 972-2-5651616

Aunthorized offices
HERMAN Karin

Tclephone No. 972-2-5651749

Form PCT/ASA/210 (second sheet) (Japuary 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2018/014282

C (Continnation). BOCUMENTS CONSIDERED TO BE RELEVANT

specific neoantigen detection.” Royal Society open science 4.4 (05.04.2017): 170050.

URL: https://www.ncbi.nlm.nih. gov/pmec/articles/PMC5414268/pdf/rsos 170050, pdf
Retrieved from the internet on: 18.04.2018

05 Apr 2017 (2017/04/05)
Abstract, Table I, Discussion

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X Bjerregaard, Anne-Mette, ct al. "MuPeXI: prediction of neo-epitopes from tumor sequencing |1-74,97-101,106,107,
data." Cancer Immunology, Immunotherapy 66.9 (20.04.2017): 1123-1130. 112,124-163
URL: https://www.ncbi.nlm.nih. gov/pubmed/28429069
Retrieved from the internet on; 18.04.2018
20 Apr 2017 (2017/04/20)
Abstract, section: “Calculation of priority score”, Figure 1

X Nathanson, Tavi, et al. "Somatic mutations and neoepitope homology in melanomas treated 1-84,97-101,104,106,
with CTLA-4 blockade." Cancer immunology research 5.1 (12.12.2016): 84-91. 107,109,112,122,

124-163

URL.: http://cancerimmunolres.aacrjournals.org/content/5/1/84 long
Rctricved from the intcrnct on: 18.04.2018
12 Dec 2016 (2016/12/12)
Abstract; Figures 1, 3; Discussion

X Knudsen, Erik S., et al. "Stratification of pancreatic ductal adenocarcinoma: combinatorial 1-74,85-93,97-101,
genelic, stromal, and immunologic markers." Clinical Cancer Research 23.15 (27.03.2017): 105-107,110,112,113,
4429-4440, 123-163
URL: https://www.htgmolecular.com/sites/default/files/Knudsen%20et%20al%6202017.pdf
Retrieved from the internet on: 18.04.2018
27 Mar 2017 (2017/03/27)
Abstract

X WO 2016187508 A2 BROAD INST INC [US]: DANA-FARBER CANCER INST INC [US]; |85-93,102,103,105,
MASSACHUSETTS GEN HOSPITAL [US] 108,110,111,113-121,
12 Jan 2017 (2017/01/12) 123,125,126
Paras. 0009, 0010, 00419; claims 15, 23, 27, 35, 41

X Zhou, Zhan, et al. "TSNAD: an integrated software for cancer somatic mutation and tumour- |1-74,97-101,106,107,

112,124-163

Form PCT/ASA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/014282

Patent docuizle)g;mted search Publication date Patent family member(s) Publication Date
WO 2017106638 Al 22 Jun 2017 WO 2017106638 Al 22 Jun 2017
TW 201733598 A 01 Oct 2017
US 2017199961 Al 13 Jul 2017
US 2017212984 Al 27 Jul 2017

24 Nov 2016

WO 2016187508 A2

12 Jan 2017

WO 2016187508 A2
WO 2016187508 A3

AU 2016264623 Al

CA 2986235 Al
EP 3297660 A2
IL 255769 Do

KR 20180010229 A

12 Jan 2017

07 Dec 2017

24 Nov 2016

28 Mar 2018

31Jan 2018

30 Jan 2018

Form PCT/ISA/210 (patent family annex) (Jannary 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2018/014282

A CLASSIFICATION OF SURBIECT MATTER:

IPC (2018.01) AG1K 39/00, GOIN 33/574, C12Q 1/68, GOOF 19/22, AGIP 35/00, AGIK 35/15, A61K 35/17, GOIN 33/68, AGIK
39/395

B. FIELDS SEARCHED:

* Electronic data base consulted during the international search (name of daia base and, where practicable, search terms used)

Databases consulted: BLAST, PATENTSCOPE, Esp@cenet, Google Patents, CAPLUS, BIOSIS, PubMed, Google Scholar, PatBase, Derwent
Innovation, Orbit

Search terms used: immunotherapy, checkpoint, T cells, cancer, tumor, pancreas, neoantigen, neoepitope, microb*, homology, IEDB, MUCI16,
CA125, burden, HLA, MHC, affinity, epitopes,clong, reads, score, computer, algorithm, in silico, quality

Form PCTASA/Z10 (extra sheet) (Jamuary 2013}



Electronic Acknowledgement Receipt

EFS ID: 39885003
Application Number: 16732242
International Application Number:
Confirmation Number: 7185

Title of Invention:

ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

First Named Inventor/Applicant Name:

Stephen Yip

Customer Number:

4743

Filer:

Paul Bryan Stephens/Audrey Nagelberg

Filer Authorized By:

Paul Bryan Stephens

Attorney Docket Number: 32830/58872A
Receipt Date: 01-JUL-2020
Filing Date: 31-DEC-2019
Time Stamp: 13:40:25

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
23660160
1 Non Patent Literature 1OO_PardoII2525f354993_Part0. o 16
p 646d1d95851c1eb171bbdc068216bfedda
Tabdc3

Warnings:




Information:

15614869
2 Non Patent Literature 1OO_PardoII2525f354993_Part1. no 15
p 8166ea9697db513ed213866ded28aefbf39)
4eab6
Warnings:
Information:
234147
3 Non Patent Literature 101_Patel1_433211.pdf no 7
d9b5036b57bfb49336510b41345abc8bd0bif
a98f3
Warnings:
Information:
327772
4 Non Patent Literature 102_Patel847_433244.pdf no 11
e69c86c9f9fd7dc652f323cfdc0c8d 2897886
Sel
Warnings:
Information:
23416602
5 Non Patent Literature 103_PMA_P170019_354994_P4 no 24
rt0.pdf
b55a2d1ed2bb4d13a2e8c5414555f987701
dedsf
Warnings:
Information:
23514346
6 Non Patent Literature 103_PMA_P170019_354994_P4 no 25
rt1.pdf
5ede988b776f1d6¢75f2eb8cfe331f8e7c74
ab44
Warnings:
Information:
8316275
7 Non Patent Literature 103_PMA_P170019_354994_P4 no 9
rt2.pdf
b6022710d89777 1ba0d621e3b865aal79co
76acea
Warnings:
Information:
398371
8 Non Patent Literature 104_POPOVICI_433278.pdf no 8
3d19e47510aafd891dc956c90063d 10af517]
b6b9
Warnings:

Information:




Non Patent Literature

105_Guardant_354995.pdf

2349583

12725a987065a6880740b9f2039d6aa58962
e0916

no

Warnings:

Information:

10

Non Patent Literature

106_Ratcliffe3585_433236.pdf

423550

50c045542b42a935d79c61d3e98b8e7813:
a8bb1

no

Warnings:

Information:

11

Non Patent Literature

107_Rimm1051_433251.pdf

789236

03226ea3fde9b16fb20b446728a7f7dc5b0¢
e76f

no

Warnings:

Information:

12

Non Patent Literature

108_RIVENSON_433187.pdf

4203374

4cbb6ada3b756e59c705f9adfaas4925f12d
Tee3

no

22

Warnings:

Information:

13

Non Patent Literature

109_Roach392_433260.pdf

248454

4553aa75595c3505626a051c1255e42e678
2f29e

no

Warnings:

Information:

14

Non Patent Literature

10_Bandi550_354956.pdf

19973493

ca940458802dea3500258cf3cbc2bd0472b
7ebc

no

11

Warnings:

Information:

15

Non Patent Literature

165471

110_NAVIFY_Tumor_Bo_43326
9.pdf

2f36€a35€91718c4d060cb 1247f9dc0c05d
Fc6a

no

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the

Image File Wrapper and may affect subsequent processing

Information:




16

Non Patent Literature

13970874

111_Ronneberger1_433246.pdf

252715c37e2f4bf8397c1fe527d037b74c96)
632

no

Warnings:

Information:

17

Non Patent Literature

5765142

112_Russakovsky1_433245.pdf

7b73c136607ce6cbe545a7cf12d986fe048¢]
1cbb

no

43

Warnings:

Information:

18

Non Patent Literature

17119739

113_Saltz181_354996.pdf

61ed742ad00af1d1344a4aa578027a96840)
1bee6

no

21

Warnings:

Information:

19

Non Patent Literature

1930432

114_REF_433617.pdf

557346ae5faf2d2dff249ee0086f9628ealc5
1bd

no

14

Warnings:

Information:

20

Non Patent Literature

616735

115_Schmidhuber85_433252.
pdf

1160cb501b7d17322d59141c209848bab6
1d8693

no

33

Warnings:

Information:

21

Non Patent Literature

200597

116_Simonyan_354998.pdf

3e2c8c590324e48c79%a6b5d2c9daalf4a3sy
dfbb

no

10

Warnings:

Information:

22

Non Patent Literature

1104979

117_Springenberg201_354999,
pdf

164c46eccc93a3eld7e9e2aed234010fed06d
ddee

no

12

Warnings:

Information:




23

Non Patent Literature

118_Sul643_433270.pdf

308380

d9c99c2205ab952d74af8ccf920eeb0fce7d]
46b

no

Warnings:

Information:

24

Non Patent Literature

119_Sundar85_433247.pdf

242669

Taceb04bd156f52d906d 1ae601d7fcfe86bd
aa2l

no

12

Warnings:

Information:

25

Non Patent Literature

11_Bankhead1_433196.pdf

1027189

dccabefb750d361ac2be432757af200e2084
33da

no

Warnings:

Information:

26

Non Patent Literature

120_Szegedy2015_355000.pdf

9848452

591df56ddf7d2bab3db6408699f923f33e04]
c77d

no

Warnings:

Information:

27

Non Patent Literature

121_Teng2139_433274.pdf

510046

be7991a7f269829ac5ce22ab31b6db625bd
d7a7e

no

Warnings:

Information:

28

Non Patent Literature

122_Thorsson812_355001.pdf

11889406

8522c6988bf3661034843daB88d7f84478ec
2c04a

no

34

Warnings:

Information:

29

Non Patent Literature

123_THRANE_433280.pdf

1207877

8cca54f2fb1fd76e20c3c682f8045982a5ed4|
66e

no

11

Warnings:

Information:




30

Non Patent Literature

124_Tizhoosh1_433266.pdf

564855

e356bf3103a0cf9c267a2d3c4d377e151f22
14a9

no

Warnings:

Information:

31

Non Patent Literature

125_Tsujikawa203_355002.pdf

15148403

570587af480a21b3af21310383eb568126d
d1dd3

no

16

Warnings:

Information:

32

Non Patent Literature

126_Tzeng7167_355003.pdf

619197

1107fd389f6db8424a05dd1fece894fb9811
104a

no

10

Warnings:

Information:

33

Non Patent Literature

127_US_Food_433253.pdf

647199

089067a4e4079c9838a8f736be423de4bes]
58546

no

49

Warnings:

Information:

34

Non Patent Literature

128_SUMMARY_OF_SAFE_433
257.pdf

424296

ed6a7be8348def11323b20fe763 1c46686e¢
e444

no

20

Warnings:

Information:

35

Non Patent Literature

5232887

129_FDALetter_355004.pdf

2bccef5751cfaf6ce91c409dfo949cof7edefe]
a2

no

Warnings:

Information:

36

Non Patent Literature

2689545

12_Beaubier2384_354957.pdf

c94edb4f58da0d0e8codabéfaed7f295de9q
bbéb

no

13

Warnings:

Information:




37

Non Patent Literature

130_Umar261_355005.pdf

307413

f7aee47e387f44b58db8c4 144 ccf85425c0a|
18e

no

Warnings:

Information:

38

Non Patent Literature

131_REST_API_of_Ort_433262.
pdf

205551

babc43d834a50c695edc8365cd7d 100e954)
75327

no

14

Warnings:

Information:

39

Non Patent Literature

132_Vasconcelos1_355006.pdf

232380

387ce96af0abb206e27ea817d4ed9163507
cSee

no

Warnings:

Information:

40

Non Patent Literature

133_Vassilakopoulou_433271.
pdf

1558615

389d6cd78a36c72d064025cbaddech966f3
9839

no

11

Warnings:

Information:

1

Non Patent Literature

134_Velcheti107_433248.pdf

1961832

9fa3cc57c06b1963398b00b49bbe6d5d 286
2abbb

no

10

Warnings:

Information:

42

Non Patent Literature

1739416

135_Vilar153_355007.pdf

74928bcbec9c211aef6f47fb473e7624229¢
5b84

no

22

Warnings:

Information:

43

Non Patent Literature

10750000

136_Wang10393_355008.pdf

862e9edcb449b34bb4a3f1d96078bd4552
48acfe

no

Warnings:

Information:




137_Deep_learning_a_433275.

605011

44 Non Patent Literature df no 4
p 559b2108991f361a56706 1f682eccc407c9h|
eadb
Warnings:
Information:
18544064
. 138_Weinstein1113_3550009.
45 Non Patent Literature - o - no 14
p bc49ec27918alcf1e4b81d85e50c4948289
39d3e
Warnings:
Information:
529611
46 Non Patent Literature 139_WIMBERLY_433281.pdf no 8
6681e2e11fb7a2d39d5f5a11056f3c8be024q|
cef4
Warnings:
Information:
4671980
. 13_Bejnordi2199_354958_Part
47 Non Patent Literature —bel 1 d? - no 8
) p 69c6ced11d4879bb44961e4f0beac69d4cf
ebd48
Warnings:
Information:
22875138
48 Non Patent Literature 13_Bejnordi_354958_Part0.pdf no 15
©533139b60574758712a9c86d4a7afb8ba
docl7
Warnings:
Information:
4637466
49 Non Patent Literature 140_A_Deep;C(;r;vqut_43326 no 10
p e13b40bab69fafe7ad6747f06251fa651008
aSc4
Warnings:
Information:
1423058
. 141_Microvessel_pre_433254.
50 Non Patent Literature - df_p - no 9
p 9cef91078e49bd83898e853ef041942b5ee
de707
Warnings:

Information:




51

Non Patent Literature

142_Yu12474_355010.pdf

13422331

afd11c0bd7ae7fde86371b1cf096af5a3864
0d26

no

10

Warnings:

Information:

52

Non Patent Literature

143_Quantitative_im_433263.
pdf

2411694

10d657cc9460bf96949147d151625310679d|
dsfb3

no

13

Warnings:

Information:

53

Non Patent Literature

144_4157ra143_SM_433272.
pdf

2538131

4a247e3cb502c38ed5abe8c2e8584034f7d
cb743

no

18

Warnings:

Information:

54

Non Patent Literature

145_Zhang_355011.pdf

9355404

0b12a1ce2al47e10fa7fef3ef248b8e2d9 121
75

no

10

Warnings:

Information:

55

Non Patent Literature

146_7ZHU_433249.pdf

3309810

8452b3af4cf496d18f2054b4cc71a22feec7 1
638

no

10

Warnings:

Information:

56

Non Patent Literature

14_180605793_433314.pdf

3869253

a48624b69dd76893d6670e0eee966bd61b|
ad7889

no

14

Warnings:

Information:

57

Non Patent Literature

15_Borghaei1627_433204.pdf

275552

6de153e1c3d703dcf931e511465a7c2ed55
8c07a

no

13

Warnings:

Information:




475082

58 Non Patent Literature 16_Brahmer2455_433237.pdf no 11

61f58d76b27e5a7eb88a24d45b33b729463
4188e

Warnings:

Information:

5330911
59 Non Patent Literature 17_Bray394_433221.pdf no 31
71d2cd897dd 1aa0764b5680ade048fc2b1d|
al874
Warnings:
Information:
1155009
60 Non Patent Literature 18_Brugnara559_354959.pdf no 5
777b623b60abb0971d4a3f6991cdea79745
81543
Warnings:
Information:
Total Files Size (in bytes): 326889314

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




Electronic Acknowledgement Receipt

EFS ID: 39885228
Application Number: 16732242
International Application Number:
Confirmation Number: 7185

Title of Invention:

ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

First Named Inventor/Applicant Name:

Stephen Yip

Customer Number:

4743

Filer:

Paul Bryan Stephens/Audrey Nagelberg

Filer Authorized By:

Paul Bryan Stephens

Attorney Docket Number: 32830/58872A
Receipt Date: 01-JUL-2020
Filing Date: 31-DEC-2019
Time Stamp: 13:41:17

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:

Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)

146258
1 Non Patent Literature 19_bunescu2007_433229.pdf no 8
b4a0b58ee1dbf77d8a5a72f58844cfb26789
6b4b

Warnings:




Information:

368298
2 Non Patent Literature 1_Johns_Hopkc;rf15_S_354952. no 6
p 70ef521ae69151af8babb2146d82acf24e3q|
8320
Warnings:
Information:
200280
3 Non Patent Literature 20_Buttner3867_433213.pdf no 11
£9209bc88459e4835d04593264fc8fa8a32k|
52e6
Warnings:
Information:
704676
. 21_Deep_learning_f_433180.
4 Non Patent Literature —Heep_ o 91— no 6
p 58cab14c022e5ddf7a820949e351b508230|
3fe64
Warnings:
Information:
4268139
. 22_campanella2019_433189.
5 Non Patent Literature - P o - no 21
p 0af491b85718aaald 18a5085e255185b389
55b03
Warnings:
Information:
2109562
6 Non Patent Literature 23_REF_433616.pdf no 10
b074a5264c0eb08e717a3966aa1df5723bb
f1528
Warnings:
Information:
166754
7 Non Patent Literature 24_Cardiff655_433197.pdf no 4
67799747465b450374d0526656€9924cdb
7cb628
Warnings:
Information:
1897536
8 Non Patent Literature 25_Carter413_354961.pdf no 34
9a6a781a28998429%96bde3084700411e01,
5a3de
Warnings:

Information:




272964

9 Non Patent Literature 26_Chang3_433205.pdf no 8
c47921cbadd 1ea20db2b082177b284cf879
9692c
Warnings:
Information:
2955629
10 Non Patent Literature 27_Clark686_354962.pdf no 17
d5819889d9be60c27ad 3ddfbb4deadb677|
431974
Warnings:
Information:
7548364
11 Non Patent Literature 28—HIMA—20;7—£ICOM—43323 no 91
p £12563942506d01d43e8f8194dalaf542fe3
b589
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the

Image File Wrapper and may affect subsequent processing

Information:

12

Non Patent Literature

29_COOPER_433222.pdf

1906602

4765f3b05210f6b2405c2178d8a5138%e63

no

13

Warnings:

Information:

13

Non Patent Literature

2_F1L_Technicalln_354953.pdf

104578

a3185ae82bc0e3dab4608633a42f3e3e047
e33bd

no

Warnings:

Information:

14

Non Patent Literature

1876349

30_CortesCiriano15_354963.
pdf

bc19ed5f2d96c1d68bbb72da2ca7aas348e]

no

12

Warnings:

Information:

15

Non Patent Literature

1006061

31_REF_433618.pdf

7089c116c6b6427965a1c6fabecef7130c92
3ale

no

23

Warnings:

Information:




16

Non Patent Literature

32_Couturel_433214.pdf

750022

04445e865d46a695c02ef269807818dc2ca
dé67ef

no

Warnings:

Information:

17

Non Patent Literature

33_CruzRoa46450_354965.pdf

22869813

f60cbb6ed7d005f1be87dfdabo4dfe8de534)
0212

no

14

Warnings:

Information:

18

Non Patent Literature

34_Dincecco95_433181.pdf

675584

8a9893cfdc2a49284e383bf3318ec034c8e4]
439

no

Warnings:

Information:

19

Non Patent Literature

35_Daumel101_354966.pdf

16608202

87eb854aef74b3c31e0a922c9d260dc9817
82679

no

26

Warnings:

Information:

20

Non Patent Literature

36_Denkert1155_433190.pdf

1928067

€72c9dcd294408e06ea54f1b6d362748e7a
6f060

no

10

Warnings:

Information:

21

Non Patent Literature

37_Dienstmann79_354967.pdf

509999

c44f80c06a4ef89748eb38607b9625ed5c24]
8871

no

14

Warnings:

Information:

22

Non Patent Literature

38_ERTOSUN_433206.pdf

557285

6d9a4921b00811849ec3560744bb866dbc|
3b3bdd

no

10

Warnings:

Information:




11371717

23 Non Patent Literature 39_Esteva2017_354968.pdf no 12
07a66aff61a11bddb478d81e797fc6d4b30
57925
Warnings:
Information:
9742429
24 Non Patent Literature 3_NPL_Abdel_433220.pdf no 11
850b8f04c009121ab27440a02cfeed 7895 8f]
Obac
Warnings:
Information:
3386822
25 Non Patent Literature 40_Evaluation_354969.pdf no 57
e2c26d5cf7eas869b1fa48fc5ae069c2a8375
22e1
Warnings:
Information:
569148
. 41_Beyond_microsat_354970.
26 Non Patent Literature —beyona_ o - no 9
p 29bac2e2f5p49ddf965697fe62cal 26603 2d|
dd48
Warnings:
Information:
155715
27 Non Patent Literature 42_Feldman31_433239.pdf no 13
872895e4ef207e7a8d3c66bc35738%aad cOf|
17ae
Warnings:
Information:
22702019
. 43_FoundationOne_C_354971.
28 Non Patent Literature - df - no 43
p 7a72b262e1c0134ed0fc9d46a73110dfe12
de7a2
Warnings:
Information:
4577527
. 44_Foundationmedic_354972.
29 Non Patent Literature - o - no 6
p 0f616eeb2be993c1357aa480eb2ffb33a962)
cal7
Warnings:

Information:




255090

30 Non Patent Literature 45_Gan45_354973.pdf no 14
ccad125751d9714e594 163 1aaZal4edacae
6alec
Warnings:
Information:
13409508
31 Non Patent Literature 46_Ganin1_354974.pdf no 35
c5445a0579fec596945a1454ab4acee99fae
33ed
Warnings:
Information:
9449899
. 47 _NPL_Garg_Patter_433223.
32 Non Patent Literature - = g_df - no 7
p b7b2e7bbc8978cc5262c1deladc68c3003¢]
9baef
Warnings:
Information:
2538902
33 Non Patent Literature 48_Gertych1_433231.pdf no 12
2dbdf3cc714c064d8d4e57b3ba61d733973]
c5a00
Warnings:
Information:
216389
34 Non Patent Literature 49_G|tHub_D|thaIS_43321 > no 6
p b6cc3fd47463bcce00c74333c01874d4c21
cbSa
Warnings:
Information:
12009203
35 Non Patent Literature 4_Abels1_354954.pdf no 5
1a359d17a1fdda49a6f67fc71d33d 1073c1y
béad
Warnings:
Information:
355491
36 Non Patent Literature 50_Grossman1109_354975.pdfl no 4
8ea8262d5eal3edd0b489669306dcel 7c5d
7e020
Warnings:

Information:




37

Non Patent Literature

51_Grossmann_433182.pdf

1899091

740b404b871a2e1438e8857d15a34a1201
200084

no

22

Warnings:

Information:

38

Non Patent Literature

52_Gutmane75_354976.pdf

4416404

82150aea95d6b81ee05c247489a0985¢127]
229ad

no

Warnings:

Information:

39

Non Patent Literature

53_Hause1342_354977.pdf

889489

842caf1e1e2871e90248e97388c0a1cdb8d|
3aba

no

12

Warnings:

Information:

40

Non Patent Literature

54_He770_354978.pdf

313886

dbB0b3974759f2e085296875a0bcdc958aa|
bf8s5b

no

Warnings:

Information:

1

Non Patent Literature

55_Microenvironmen_433207.
pdf

1610534

1beaa743d04212445f76 2edfa78f719564 18
fadc

no

14

Warnings:

Information:

42

Non Patent Literature

56_Herbst1_433240.pdf

250882

b50a03aefd07238f8a302202fe9c5d32fae7
11c0

no

12

Warnings:

Information:

43

Non Patent Literature

57_Herbst563_433224.pdf

4647798

823deBe40fdfcf05b76f39fcd798e3e0b257
bfd1

no

38

Warnings:

Information:




44

Non Patent Literature

58 ilse18a_433232.pdf

924377

aBaSce7af5b1b3cf55ba07e928cd5c52e74d)
elea

no

10

Warnings:

Information:

45

Non Patent Literature

59_Ing1_433216.pdf

1604497

99e5334041bae80d22bc76409c7{7eefdb8
b831a

no

10

Warnings:

Information:

46

Non Patent Literature

5_Adeyi183_433228.pdf

81049

18eba69a240b0db2d52be9752b930ac3fa2
293b7

no

Warnings:

Information:

47

Non Patent Literature

391009

60_W02019222289ISR_433615
pdf

a7357c50b144d0c5a8a%bda7df903c59f2fe
e8d7

no

Warnings:

Information:

48

Non Patent Literature

61_Outgoing_ISA210_433313.
pdf

841136

71d10efe24e23068792c4abfc30dfaa57ad4}
7b2e

no

13

Warnings:

Information:

49

Non Patent Literature

62_loffe1_433183.pdf

436675

ef18cf4cc6e545665f03e6358a7487aabed 11
2eb

no

11

Warnings:

Information:

50

Non Patent Literature

63_Janowczyk1_433192.pdf

2701981

5add6f405bec55b4fa38768ef0f8886529fca)
7f6

no

18

Warnings:

Information:




51

Non Patent Literature

64_Janzic357_433200.pdf

434027

18b6753a94d3c1552e0d29c956d718f693(|
2e344

no

Warnings:

Information:

52

Non Patent Literature

936563

65_Kapil1_433208.pdf

514f8b1d958498cdd9fcf921c70507804668]
6d2d

no

10

Warnings:

Information:

53

Non Patent Literature

9717659

66_Kather2019_354980.pdf

8efb66691c8f44d76389€73659552008cd 3¢
aa33

no

10

Warnings:

Information:

54

Non Patent Literature

17111596

67_Kather1002730_354981.pdf|

ab1844391c2ba030abe7dd70299b90647c
78f419

no

22

Warnings:

Information:

55

Non Patent Literature

790011

68_Kazandjian634_433225.pdf

eec47af06548aa2e9b83b98f302b7308cab3
feof

no

Warnings:

Information:

56

Non Patent Literature

96539

69_Kerr326_433233.pdf

b72b26b2bble6cc8d6bSb2ced3458abec2
0b73ad

no

Warnings:

Information:

57

Non Patent Literature

837226

6_AERTS_433212.pdf

c7db3bddal3b2ed23bbc83cab4df76afdcf|
e3edl

no

Warnings:

Information:




2177890

70_Landscape_of_Mi_354982.

odf no 21

58 Non Patent Literature

62ad8931e5e8f14cb6f770721e6b7d3893b)
366b7

Warnings:

Information:

490303

59 Non Patent Literature 71_Kitano_433217.pdf no 8

e5d533b327aab09%aad 5ee9dc66ff0e96d0b
c8e57

Warnings:

Information:

1461961

60 Non Patent Literature 72_Komura34_433184.pdf no 9

0d48c49d8364a0723bc0c2a4ch63a523e3c
5b%a3

Warnings:

Information:

Total Files Size (in bytes): 215233464

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/732,242 12/31/2019 Stephen Yip 32830/58872A
CONFIRMATION NO. 7185
4743 PUBLICATION NOTICE
MARSHALL, GERSTEIN & BORUN LLP
233 SOUTH WACKER DRIVE IR I AR
6300 WILLIS TOWER O00000TT8205595

CHICAGO, IL 60606-6357

Title:ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

Publication No.US-2020-0211189-A1
Publication Date:07/02/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/732,242 12/31/2019 Stephen Yip 32830/58872A 7185
4743 7590 07/24/2020 | EXAMINER

MARSHALL, GERSTEIN & BORUN LLP
233 SOUTH WACKER DRIVE

6300 WILLIS TOWER

CHICAGO, IL 60606-6357

VARNDELL, ROSS E

| ART UNIT | PAPER NUMBER
2666
| NOTIFICATION DATE | DELIVERY MODE
07/24/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

mgbdocket@marshallip.com

PTOL-90A (Rev. 04/07)



Application No. Applicant(s)

16/732,242 Yip et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
Ross Varndell 2666 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 12/31/2019.
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-20 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) (J Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(1 The specification is objected to by the Examiner.
11)[@ The drawing(s) filed on 12/31/2019 is/are: a)l¥] accepted or b){] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)ld All b)(J Some**  ¢)J None of the:
1.[] Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200711




Application/Control Number: 16/732,242 Page 2
Art Unit: 2666

DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AlA.

Information Disclosure Statement

2. The IDSs have been considered and placed in the application file.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form

the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale
or otherwise available to the public before the effective filing date of the claimed invention.

(a)(2) the claimed invention was described in a patent issued under section 151, or in an application
for patent published or deemed published under section 122(b), in which the patent or application, as
the case may be, names another inventor and was effectively filed before the effective filing date of
the claimed invention.

4. Claim(s) 1, 2, 4, 6, and 8 is/are rejected under 35 U.S.C. 102(a)(1) and 35 U.S.C.
102(a)(2) as being anticipated by Tunstall et al. (US 2016/0063724 A1 hereinafter “Tunstall”

referred to as “Pathxl” on the written opinion for PCT/US2019/069164 filed on 9/4/2020).

Claim 1:

Tunstall discloses a method for creating an overlay map (1143 discloses a color map overlaid

with the smoothed boundary data, to provide a user with an estimate of the location of
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tumour and non-tumour regions in the image) on a digital image of a slide, the method
comprising:

receiving the digital image (1129 discloses Fig. 3, 1000);

separating the digital image into a plurality of tiles (Fig. 3, 1004 and 933 discloses partitioning
the image into tiles);

identifying the majority class of tissue visible within each tile in the plurality of tiles (11936-38
discloses a tile with feature vectors (tumour type) from the, classification data, the second
plurality of feature vectors (non-tumour type) from the classification data; 9142 discloses a
probability estimate based on comparing the feature vectors of tiles in tissue regions of the
image with the selected subset of model image data to assign a probability to each tile),
based on a multi-tile analysis (111139 discloses tiles comprises image data classified as
belonging to one of two states —tumour or non-tumour; 1140 discloses combining 1012 the
tiles to provide a two state map to provide a spatial map of the image data which classifies

regions of the image into background, tumour tissue, and non-tumour tissue.).

Claim 2:

Tunstall discloses the method of claim 1, further comprising: generating a digital overlay
drawing of an outer edge of each cell in the image (1125 discloses at 204 a boundary of

the region to enable identification of a tumour boundary in a sequential tissue section and
data representing the identified boundary is output to the controller 30; 43 discloses a
colour map, overlaid with the smoothed boundary data, to provide a user with an estimate of

the location of tumour and non-tumour regions in the image).
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Claim Rejections - 35 USC § 103
5. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is
not identically disclosed as set forth in section 102, if the differences between the claimed invention
and the prior art are such that the claimed invention as a whole would have been obvious before the
effective filing date of the claimed invention to a person having ordinary skill in the art to which the
claimed invention pertains. Patentability shall not be negated by the manner in which the invention
was made.

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.
7. This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.

102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.
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8. Claims 3, 7, 11-14, and 16 is/are rejected under 35 U.S.C. 103 as being unpatentable
over Tunstall et al. (US 2016/0063724 Al hereinafter “Tunstall” referred to as “Pathx|” on the

written opinion for PCT/US2019/069164 filed on 9/4/2020).

Claim 3:

Tunstall discloses the method of claim 2, wherein the digital overlay drawing is prepared at the
resolution level of an individual pixel. (1133 discloses each tile comprises image data relating to
that tile at a series of different resolutions, and different resolutions comprises a plurality of
blocks each representing at least a portion of the tile at a different effective magnification;
where, different magnifications may be achieved by providing equivalent pixel numbers for
different sized spatial regions, or a different number of pixels for equally sized spatial
regions).

However, Tunstall does not specifically disclose: wherein the digital overlay drawing is
prepared at the resolution level of an individual pixel.

It would have been obvious to a person with ordinary skill in the art to arrive by routine
experimentation to prepare the overlay drawing at different magnification levels such as
resolution level of an individual pixel since it will provide the utmost accuracy in segmenting the

image of the slide (See 11133 and 34).

Claim 4:

Tunstall discloses a method for tissue classification (119136-38 discloses tumour tissues and with

non-tumour tissue) of a digital image of a slide (FIG. 3 and 19128-29 discloses a flow chart
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illustrating a computer implemented method of processing an image to guide dissection of a
tissue sample suspected of comprising tumour; where, the processor 22 obtains 1000 from
memory 24 an image of a section through the tissue sample; and, the section can be imaged
from a microscope slide stained using Haemotoxylin and Eosin), the method comprising:
receiving the digital image (1000, Fig. 3);

generating a digital overlay drawing of a tissue region in the digital image (1143 discloses
displaying the resulting probability estimate as a colour map, overlaid with the smoothed
boundary data, to provide a user with an estimate of the location of tumour and non-tumour
regions in the image); and

displaying, in the digital overlay drawing, tiles over the tissue region and visually identifying
predicted content of each tile (142 discloses the processor then obtains a probability estimate
based on comparing the feature vectors of tiles in tissue regions of the image with the
selected subset of model image data to assign a probability to each tile), to generate a
classification map classifying the digital image (1143 discloses the processor then displays the
resulting probability estimate as a colour map, overlaid with the smoothed boundary data, to
provide a user with an estimate of the location of tumour and non-tumour regions in the

image).

9. Claim 5 is/are rejected under 35 U.S.C. 103 as being unpatentable over Tunstall in view
of Bergado et al. (“Recurrent Multiresolution Convolutional Networks for VHR Image

Classification" hereinafter “Bergado”).
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Claim 5:

Tunstall discloses the method of claim 4, the method further comprising:

configuredto-perform classification on digital images of different zoom levels (1133 discloses
different effective magnifications)

However, Tunstall does not disclose: the method further comprising: determining the
predicted content for each tile using a classification model configured as a multi-resolution fully
convolutional network, the multi-resolution fully convolution network configured to perform
classification on digital images of different zoom levels. Bergado discloses a multi-resolution
fully convolutional network to performs classification on digital images (pp 4 col left, 911
discloses "In this paper, we propose a multiresolution convolutional network, called FuseNet,
and its recurrent version, called ReuseNet, to perform an end-to-end fusion, classification,
and map regularization of a multi-resolution VHR image. ReuseNet is built on top of a fully
convolutional network architecture learning to: 1) fuse PAN and MS bands of a VHR image, 2)
perform land cover classification on the fused images, and 3) spatially regularize the resulting
classification.").

It would have been obvious to a person with ordinary skill in the art to arrive by routine
experimentation lo use the multi-resolution fully convolutional network of Bergado to classify
each tile of Tunstall on different zoom levels since multi-resolution fully convolutional networks
allow classification of at several levels of resolution and pixels and it is beneficial to analyze

histological images at very high resolution levels for higher accuracy (pp 2 col left, 92).
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Claim 6:

Tunstall discloses the method of claim 4, the method further comprising: using a classification
model (19136-38), for each tile, determining a classification from a plurality of classifications

(1139 disclose classifying the tiles as belonging to one of two states tumour or non-tumour).

Claim 7:

Tunstall discloses the method of claim 6, wherein the plurality of classifications include tumor
epithelium, normal epithelium, immune, stroma, necrosis, blood, and fat (1139 discloses tumour
or non-tumour).

However, Tunstall does not specifically disclose: immune, stroma, necrosis, blood, and
fat classifications.

It would have been obvious to a person with ordinary skill in the art to arrive by routine
experimentation to classify image data as immune, stroma, necrosis, blood, and fat
classifications to identify tissue type for image metrics (1175 disclose descriptor data for
identifier of a tissue type for image metrics to be retrieved from memory for the analysis of
any given tissue type (as identified by the descriptor data); where, each item of descriptor
data is also associated with at least one as classification data; the descriptor data may
identify tissue types such as breast tissue, prostate tissue, lung tissue, pancreatic tissue and
other types of tissue; 993 discloses data associated with structures known or expected to be
found in the tissue type from which the image data was obtained such as glands, nuclei,

stroma, vessels, lumen, muscle and other structures).
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Claim 8:

Tunstall discloses a method for cell detection (1168 discloses maps of tissue, in which areas in
an image of a tissue sample are classified as belonging to particular types of structures or
objects including a multitude of normal components and/or structures, such as cells — such as
precancerous and/or cancerous cells) in a digital image of a slide (Fig. 3, 19128-29 shows a flow
chart illustrating a computer implemented method of processing an image from a microscope
slide stained using Haemotoxylin and Eosin), the method comprising:

receiving the digital image (1000, Fig. 3);

identifying cell objects in the digital image (11136-38 disclose classification as tumour tissues or
non-tumour tissue);

generating a digital overlay drawing for the digital image (1143 discloes a colour map, overlaid
with the smoothed boundary data, to provide a user with an estimate of the location of
tumour and non-tumour regions in the image); and

displaying, in the digital overlay drawing, a polygon outlining each of the identified cell objects
(1143 discloses a smoothed boundary data, to provide a user with an estimate of the location

of tumour and non-tumour regions in the image).

10. Claims 9-10 is/are rejected under 35 U.S.C. 103 as being unpatentable over Tunstall in

view of Erjefalt (US 2014/0140607 A1 hereinafter “Erjefalt”).
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Claim 9:

Tunstall discloses the method of claim 8, wherein the cell objects (Tunstall 99136-38) include
hmphoeytecellsand-notlympheocytecells.

Tunstall disclose all of the subject matter as described above except for specifically
teaching include lymphocyte cells and not lymphocyte cells. However, Erjefalt in the same field
of endeavor teaches include lymphocyte cells and not lymphocyte cells (1190 discloses a choice
box 76 for providing a choice between different alternatives such as "B lymphocytes"” and a
group of a plurality of cell types).

Therefore, it would have been obvious to one of ordinary skill in the art to combine
Tunstall and Erjefalt before the effective filing date of the claimed invention. The motivation
for this combination of references would have been to show a reviewer of the overlay a clear
delineation between lymphocyte and non-lymphocyte cells since the detection of lymphocyte
and non-lymphocyte cells is an important aspect of histological analysis (See Erjefalt 99]5-6).
This motivation for the combination of Tunstall and Erjefalt is supported by KSR exemplary
rationale (G) Some teaching, suggestion, or motivation in the prior art that would have led one
of ordinary skill to modify the prior art reference or to combine prior art reference teachings to

arrive at the claimed invention.

Claim 10:
The combination of Tunstall and Erjefalt discloses the method of claim 8, wherein the cell
objects comprise CD3, CD8, CD20, pancytokeratin, and smooth muscle actin (1178 and Table 1

discloses immune cell markers CD20 B-lymphocytes and CD8 T lymphocytes ECP (EG2).



Application/Control Number: 16/732,242 Page 11
Art Unit: 2666

It would have been obvious to one of ordinary skill in the art to combine Tunstall and
Erjefalt before the effective filing date of the claimed invention. The motivation for this
combination of references would have been identify CD20 and/or CD8 by training the
classification model of Tunstall with the data about CD20 and/or CD8 since CD20 and/or CD8
is/are an important aspect(s) of histological analysis (See Erjefalt 995-6). This motivation for
the combination of Tunstall and Erjefalt is supported by KSR exemplary rationale (G) Some
teaching, suggestion, or motivation in the prior art that would have led one of ordinary skill to
modify the prior art reference or to combine prior art reference teachings to arrive at the

claimed invention.

Claim 11:

Tunstall discloses a method for tissue classification (119136-38 discloses the classification data
comprises a first set of model image feature vectors associated with tumour tissues and a
second set of model image feature vectors associated with non-tumour tissue) of a digital
image of a slide (FIG. 3 and 919128-29 disclose a microscope slide stained using Haemotoxylin
and Eosin), the method comprising:

receiving the digital image (1000, Fig. 3);

segmenting the digital image into a plurality of tiles (1004, Fig. 3; 9133 disclose partitioning
1004 the first group of image data relating to tissue, into tiles);

determining a predicted class for each tile (1142 discloses obtaining a probability estimate
based on comparing the feature vectors of tiles in tissue regions of the image with the

selected subset or model image data to assign a probability to each tile);
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identifying a plurality of cell objects in the digital image (1168 discloses precancerous and/or
cancerous cells);
determining a predicted class for each of the plurality of cell objects (1143 discloses a
probability estimate as a colour map for an estimate of the location of tumour and
nontumour regions in the image); and
for each of the plurality of tiles that corresponds to one of the plurality of cell objects, assigning
the tile the predicted class of the corresponding cell object (1140 discloses combining 1012 the
tiles to provide a two state map (e.g. binary) identifying tumour, and non-tumour regions of
the tissue with the tissue/non-tissue mask generated by the segmentation 1002 to provide a
spatial map of the image data which classifies regions of the image into one of three states
e.g. background, tumour tissue. and nontumour tissue."). in-place-efthepredicted-classofthe
tHe-
However Tunstall does not disclose: assigning in place of the predicted class of the tile.
It would have been obvious to a person with ordinary skill in the art to arrive by routine
experimentation to replace the predicted class of each tile with the predicted class of cell
object formed by combining the tiles in the method of Tunstall since it will allow visualizing the
predicted class of the entire cell object rather than individual tiles on the overlay, making it to

possible segments on tissue-level (See 119139, 40).

Claim 12:
Tunstall discloses the method of claim 11, further comprising: stering—+n-a-first-fileforeachtile;
a-tHe-peosition and the predicted class of the tile; and stering-na-second-fileforeachcell

objeet, a polygon outlining the cell object and the predicted class of the cell object (1126
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discloses data representing the region and the boundary are stored to non-volatile memory
for later user reference and/or for updating the classification data using a learning method;
1147 disclose the memory 24 of the computer 20 of FIG. 1 maybe configured to store data
received from the imager 50, results generated by the processor 22, and classification data
for classifying tumour and non-tumour regions. Non-volatile memory may be provided for
storing the classification data. Further non-volatile memory may be provided for storing the
image data so that the image data for a plurality of tissue samples may be uploaded and
stored in memory until such time as the processor 22 has capability or an instruction to
process ii. The memory 24 may comprise a buffer or an on-chip cache. Further non-volatile
memory may be provided for storing results of the image processing method for later user
reference and/or for updating the classification data using a learning method).

However, Tunstall does not specifically disclose: storing, in a first file, for each tile, a tile
position; and storing, in a second file, for each cell object.

It would have been obvious for a person with ordinary skill in the art to arrive by routine
experimentation to store the position as well as the classification data for each tile and for each
cell object in the method of Tunstall since it allows for providing an efficient computer

implemented image processing method which selects various data from memory (See 4118).

Claim 13:
Tunstall discloses the method of claim 11, further comprising: generating a digital overlay
drawing for the digital image, where the digital overlay drawing is a cell mask displaying a

polygon around each cell object (1143 discloses a smoothed boundary data).
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Claim 14:

Tunstall discloses the method of claim 11, further comprising: generating a digital overlay
drawing for the digital image, where the digital overlay drawing is a histology mask displaying
the plurality of tiles (1140 discloses "The processor is configured to combine 1012 the tiles to
provide a two state map (e.g. binary) identifying tumour, and non-tumour regions of the
tissue with the tissue/non-tissue mask generated by the segmentation 1002 to provide a
spatial map of the image data which classifies regions of the image into one of three states
e.g. background, tumour tissue, and non-tumour tissue."”; 943 discloses "The processor then
displays the resulting probability estimate as a colour map, overlaid with the smoothed
boundary data, to provide a user with an estimate of the location of tumour and non-tumour
regions in the image.") and the predict class for each tile (1142 discloses "The processor then
obtains a probability estimate based on comparing the feature vectors of tiles in tissue
regions of the image with the selected subset of model image data to assign a probability to
each tile.").

However, Tunstall does not specifically disclose: displaying the predicted class for each
tile.

It would have been obvious to a person with ordinary skill in the art to arrive by routine
experimentation to display the predicted class for each tile on the digital overlay in the method
of Tunstall since method already can estimate the class of each tile and displaying them on the

overlay will provide a more detailed classification map (See 11939-42).
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11. Claims 15 is/are rejected under 35 U.S.C. 103 as being unpatentable over Tunstall in

view of Wenzel et al. (US 2018/0137394 Al hereinafter “Wenzel”).

Claim 15:

Tunstall discloses the method of claim 11, further comprising: generating a digital overlay
drawing for the digital image (1143); and

displaying, in the digital overlay drawing, theplurality-oftilesand-thepredicted-classforeach
tHle-that-doesneotcorrespond-toacellobject

and displaying, the plurality of cell objects and the predicted class of each cell object (1168
discloses the image data may include a multitude of hormal components and/or structures.
such as cells, ducts, and/or the like, and a number of nhon-normal components and/or
structures which, for example, may include precancerous and/or cancerous cells).

Tunstall disclose all of the subject matter as described above except for specifically
teaching: displaying, the plurality of tiles and the predicted class for each tile that does not
correspond to a cell object. However, Wenzel in the same field of endeavor teaches displaying,
the plurality of tiles and the predicted class for each tile that does not correspond to a cell
object (11117-10 discloses misclassification using an automated tissue classification technique
providing as output a tissue classification map of the brain of the patient with a user
interaction subsystem comprising a user device operable by a user, wherein the input
commands represent user feedback which is indicative of (a) an area of misclassification in
the tissue classification map and (b) a correction of the misclassification; and, (j) adjusting the

prior probability map based on the user feedback , thereby obtaining an adjusted prior
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probability map to re-apply the automated tissue classification technique to the image based
on the adjusted prior probability map).

Therefore, it would have been obvious to one of ordinary skill in the art to combine
Tunstall and Wenzel before the effective filing date of the claimed invention. The motivation
for this combination of references would have been to display the tiles and the predicted class
of each tile that does not belong to the cell object in the digital overlay of the method of
Tunstall since it would show misclassified tiles, which would allow for the tile to be correctly
classified (See Wenzel 95). This motivation for the combination of Tunstall and Wenzel is
supported by KSR exemplary rationale (G) Some teaching, suggestion, or motivation in the prior
art that would have led one of ordinary skill to modify the prior art reference or to combine

prior art reference teachings to arrive at the claimed invention.

Claim 16:

Tunstall discloses the method of claim 11, further comprising: generating a digital overlay
drawing for the digital image, wherein the digital overlay drawing includes the digital image;
and displaying the digital overlay drawing (1143).

However, Tunstall does not disclose: wherein the digital overlay drawing includes the
digital image.

It would have been obvious to a person with ordinary skill in the art to arrive by routine
experimentation to display the digital image of the slide of Tunstall in the digital overlay of

Tunstall since the original image can be used for comparison and reference (See 103).
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12. Claims 17 and 18 is/are rejected under 35 U.S.C. 103 as being unpatentable over

Tunstall in view of Everett et al. (US 2007/0216909 A1l hereinafter “Everett”).

Claim 17:

Tunstall discloses the method of claim 11, further comprising: generating a digital overlay
drawing for the digital image (1143 discloses a probability estimate as a colour map, overlaid

with the smoothed boundary data, to provide a user-with an estimate of the location of

tumour and non-tumour regions in the image), wherein-the-digital-overlay-drawingincludesa
generated-version-of-the-digitalmage; and displaying the digital overlay drawing (1143).

Tunstall disclose all of the subject matter as described above except for specifically
teaching wherein the digital overlay drawing includes a generated version of the digital image.
However, Everett in the same field of endeavor teaches wherein the digital overlay drawing
includes a generated version of the digital image (169 discloses ] "In the illustrated
embodiment, the overlay is an en face integrated image derived from optical coherence
tomography (OCT) data (i.e. generated version) and the underlying image is from the
ophthalmoscope).

Therefore, it would have been obvious to one of ordinary skill in the art to combine
Tunstall and Everett before the effective filing date of the claimed invention. The motivation
for this combination of references would have been to display a generated version of
the digital image of the histological slide of Tunstall in the digital overlay of Tunstall to provide
context or location cues for the higher resolution scans since images sampled in different
resolutions may provide different information (See Everett 99). This motivation for the

combination of Tunstall and Everett is supported by KSR exemplary rationale (G) Some
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teaching, suggestion, or motivation in the prior art that would have led one of ordinary skill to
modify the prior art reference or to combine prior art reference teachings to arrive at the

claimed invention.

Claim 18:

Tunstall discloses the method of claim 11, further comprising: generating apluratity-of digital
overlay drawing([[s]] for the digital image (1143), where each digital overlay drawing corresponds
to a different predicted class (11161, 63-64 discloses a posterior probability of corresponding
to a tumour region or non-tumour region; where classification data comprises data (e.g.
feature vectors) relating to known tissue types and/or known tumour types); and selectively

Tunstall disclose all of the subject matter as described above except for specifically
teaching — selectively displaying one of a plurality of digital overlay drawings where each digital
overlay drawing corresponds to a different predicted class; and selectively displaying one of the
plurality of digital overlay drawings. However, Everett in the same field of endeavor teaches
selectively displaying (Fig.3 disclose a currently selected overlay of “ILM to RPE”) one of a
plurality of digital overlay drawings (1171 discloses various colors can be used in overlays so
that when bright regions align, the red and green add to make a new color, like yellow;
similarly, when dark regions align they create a darker region because, when they were
misaligned, the misaligned color creeps into and brightens the region).

Therefore, it would have been obvious to one of ordinary skill in the art to combine
Tunstall and Everett before the effective filing date of the claimed invention. The motivation

for this combination of references would have been to have multiple digital overlays for the
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digital image of Tunstall and select one out of the multiple digital overlays since it would
provide additional visualization options where each overlay helps visualize different aspects of
the image such as how a lower resolution scan can provide context or location cues for the
higher resolution scans (See Everett 99). This motivation for the combination of Tunstall and
Everett is supported by KSR exemplary rationale (G) Some teaching, suggestion, or motivation
in the prior art that would have led one of ordinary skill to modify the prior art reference or to

combine prior art reference teachings to arrive at the claimed invention.

13. Claims 19 and 20 is/are rejected under 35 U.S.C. 103 as being unpatentable over

Tunstall in view of Dolan (US 2020/0105417 A1 hereinafter “Dolan”).

Claim 19:

Tunstall discloses the method of claim 11, further comprising: generating a digital overlay
drawing for the digital image (1143), where-the-digital-overlay-drawing-comprisespercentages-of
predict classes (119161, 63-64 discloses a posterior probability of corresponding to a tumour
region or non-tumour region) cerrespending-to-the-digital-image.

Tunstall discloses all of the subject matter as described above except for specifically
teaching where the digital overlay drawing comprises percentages corresponding to the digital
image. However, Dolan in the same field of endeavor teaches where the digital overlay
drawing comprises percentages corresponding to the digital image (19117, 142 discloses
overlaying, the population percentage map onto the mortality or adverse outcome rate map

thereby generating an overlap map).
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Therefore, it would have been obvious to one of ordinary skill in the art to combine
Tunstall and Dolan before the effective filing date of the claimed invention. The motivation for
this combination of references would have been to create a visual representation of a
percentage of a particular class of tissue for the evaluating the health of an individual (Dolan
992-4). This motivation for the combination of Tunstall and Dolan is supported by KSR
exemplary rationale (G) Some teaching, suggestion, or motivation in the prior art that would
have led one of ordinary skill to modify the prior art reference or to combine prior art reference

teachings to arrive at the claimed invention.

Claim 20:

The combination of Tunstall and Dolan discloses the method of claim 11, further comprising:
generating a digital overlay drawing for the digital image (Tunstall 9143), where the digital
overlay drawing comprises total counts of predict classes (Tunstall 919161, 63-64 discloses a
posterior probability of corresponding to a tumour region or non-tumour region)
corresponding to the digital image (Dolan 119117, 142 discloses overlaying, the population
percentage map onto the mortality or adverse outcome rate map thereby generating an
overlap map; 1119, 68-72 and the Figures discloses an overlap is present between the
distribution of the plurality of joint risk parameters and the adverse outcome data). The

motivation for this combination of references is the same as for claim 19.

Conclusion
14. The prior art made of record and not relied upon is considered pertinent to the

applicant’s disclosure: See the PTO-892 mailed with this office action.
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15. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Ross Varndell whose telephone number is (571)270-1922. The
examiner can normally be reached on M-F, 9-5 EST.

Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kim Vu can be reached on (571)272-3859. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access
to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Ross Varndell/
Primary Examiner, Art Unit 2666
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40 Evaluation of Automatic Class Ill Designation for MSK-Impact (Integrated Mutation Profiling of Actionable Cancer ]
/RV/ Targets), Decision Summary, 57 pp. (publicly available before May 14, 2018).
41 FABRIZIO et al., Beyond microsatellite testing: assessment of tumor mutational burden identifies subsets of colorectal |:|
cancer who may respond to immune checkpoint inhibition, Journal of Gastrointestinal Oncology, 9(4):610-617 (2018).
/RV/
42 FELDMAN et al., Tissue processing and hematoxylin and eosin staining, Methods Mol. Biol., 1180:31-43 (2014). |:|
/RV/
FoundationOne CDx (Trademark) Technical Information, Foundation Medicine, Inc., Cambridge, Massachusetts, 43
43 ]
pp- (November 2017).
rV/

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



Receipt date: 07/01/2020 16/732,242 ~ GAU: 2666
Application Number 16732242

Filing Date 2019-12-31

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Stephen Yip
Art Unit 2667
Examiner Name BELLA, MATTHEW C
Attorney Docket Number 32830/58872A

JRV/ 44 FoundationOne Liquid, Genomic Testing 6 pages (2019). ]
/rv/ 45 GAN et al., Applicability of Next generation sequencing technology in microsatellite instabilty testing, Genes, 6:46-59 ]
(2015).

GANIN et al., Domain-adversarial training of neural networks, The journal of machine learning research, 17:2096-2030
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50 | 375:1108-1112 (2016).

/Bv/

If you wish to add additional non-patent literature document citation information please click the Add button
EXAMINER SIGNATURE

Examiner Signature | /poss varndeil/ Date Considered 07/20/2020

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www . USFPTE.G0Y or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if|
English language translation is attached.

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



Receipt date: 07/01/2020 16/732,242 - GAU: 2866

Doc code: IDS PTO/SB/08a (02-18)

. . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 16732242
Filing Date 2019-12-31

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Stephen Yip
Art Unit 2667
Examiner Name BELLA, MATTHEW C
Attorney Docket Number 32830/58872A

U.S.PATENTS
. . . . Pages,Columns,Lines where
E)fgmlner Cite Patent Number Kind Issue Date Na”.”e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document

Figures Appear

If you wish to add additional U.S. Patent citation information please click the Add button.
U.S.PATENT APPLICATION PUBLICATIONS

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

Examiner| Cite No Publication Kind | Publication Name of Patentee or Applicant
Initial* Number Code'| Date of cited Document

If you wish to add additional U.S. Published Application citation information please click the Add button.
FOREIGN PATENT DOCUMENTS

i Name of Patentee or Pages, Columns,Lines
Examiner| Cite Foreign Eocument Country Kind | Publication Applicant of cited where Relevant T5
Initial* No |Number Code2j Code#4| Date PP Passages or Relevant
Document )
Figures Appear
1 []

If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

EFS Web 2.1.18



Receipt date: 07/01/2020 16/732,242 ~ GAU: 2666
Application Number 16732242
Filing Date 2019-12-31
INFORMATION DISCLOSURE First Named Inventor | Stephen Yip
STATEMENT BY APPLICANT At Unit pye
( Not for submission under 37 CFR 1.99)
Examiner Name BELLA, MATTHEW C
Attorney Docket Number 32830/58872A
/rv/ |1 GROSSMANN et al., Defining the biological basis of radiomic phenotypes in lung cancer, Elife, 6:e23421 (2017). ]
v/ |2 GUTMAN et al., The digital slide archive: a software platform for management, integration, and analysis of histology ]
for cancer research, Cancer Research, 77:e75-e78 (2017).
3 HAUSE et al., Classification and characterization of microsatellite instability across 18 cancer types, Nature Medicine, |:|
22:1342-1350 (2016).
/RV/
et al., Deep residual learning for image recognition, Proceedings of the conference on computer vision an
/RV/ |4 HE etal, D idual | ing for i ition, P di f the IEEE conf ter visi d ]
pattern recognition, 770-778 (2016).
/RV/ . , . . , ,
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/RV/ A pilot study, J. Pathol. Inform., 9:26 (2018).
25 KURAKIN et al., Adversarial Examples in the Physical World, Technical report, (2016). |:|
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/RV/
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Docket No.: 32830/58872A
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Stephen Yip et al.

Application No.: 16/732,242 Confirmation No.: 7185
Filed: December 31, 2019 Art Unit: 2631

For: ARTIFICIAL INTELLIGENCE SEGMENTATION Examiner: R. E. Varndell
OF TISSUE IMAGES

SUBMISSION OF EXECUTED DECLARATIONS

MS Sequence
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Applicants submit herewith the executed declarations of Stephen Yip, Irvin
Ho, Lingdao Sha and Boleslaw Osinski.

The late declaration fee was paid on December 31, 2019. As such, no
additional fees are believed to be due.

Dated: August 3, 2020 Respectiully submitted,

Electronic signature: _/Paul B. Stephens/_
Paul B. Stephens
Registration No.: 47,970
MARSHALL, GERSTEIN & BORUN LLP
233 S. Wacker Drive
6300 Willis Tower
Chicago, lllinois 60606-6357
(312) 474-6300
Attorney for Applicant



DocuSign Envelope |D: 9CDDED2E-ED5A-4C28-9213-0EED62F2449B

Attorney Docket No.: 32830/58872A 01
(modified)

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

As the below named inventor, | hereby declare that:

This declaration |:| The attached application, or
is directed to:

United States application or PCT international application number 16/732,242
filed on 12/31/2019
|:| As Amended on (if applicable)

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| have reviewed and understand the contents of the above identified specification, including the claims, as amended by an
amendment, if any, specifically referred to herein. | acknowledge the duty to disclose information that is material to
patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information that became
available between the filing date of the prior application and the national or PCT international filing date of the continuation-
in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

. 7/15/2020
Inventor: Stephen Yip Date (Optionaly:

/Stephen Yip/

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.




DocuSign Envelope |D: 9CDDED2E-ED5A-4C28-9213-0EED62F2449B

Attorney Docket No.: 32830/58872A 01
(modified)

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

As the below named inventor, | hereby declare that:

This declaration |:| The attached application, or
is directed to:

United States application or PCT international application number 16/732,242
filed on 12/31/2019
|:| As Amended on (if applicable)

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| have reviewed and understand the contents of the above identified specification, including the claims, as amended by an
amendment, if any, specifically referred to herein. | acknowledge the duty to disclose information that is material to
patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information that became
available between the filing date of the prior application and the national or PCT international filing date of the continuation-
in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

. 7/7/2020
Inventor: Irvin Ho Date (Optional):

_ /lrvin Ho/
Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.




DocuSign Envelope |D: 9CDDED2E-ED5A-4C28-9213-0EED62F2449B

Attorney Docket No.: 32830/58872A 01
(modified)

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

As the below named inventor, | hereby declare that:

This declaration |:| The attached application, or
is directed to:

United States application or PCT international application number 16/732,242
filed on 12/31/2019
|:| As Amended on (if applicable)

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| have reviewed and understand the contents of the above identified specification, including the claims, as amended by an
amendment, if any, specifically referred to herein. | acknowledge the duty to disclose information that is material to
patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information that became
available between the filing date of the prior application and the national or PCT international filing date of the continuation-
in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

. 7/7/2020
Inventor: Lingdao Sha Date (Optionaly:

/Lingdao Sha/

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.




DocuSign Envelope |D: 9CDDED2E-ED5A-4C28-9213-0EED62F2449B

Attorney Docket No.: 32830/58872A 01
(modified)

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

As the below named inventor, | hereby declare that:

This declaration |:| The attached application, or
is directed to:

United States application or PCT international application number 16/732,242
filed on 12/31/2019
|:| As Amended on (if applicable)

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| have reviewed and understand the contents of the above identified specification, including the claims, as amended by an
amendment, if any, specifically referred to herein. | acknowledge the duty to disclose information that is material to
patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information that became
available between the filing date of the prior application and the national or PCT international filing date of the continuation-
in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Boleslaw Osinski Date (Optional): 7/7/2020

Signature: /Boleslaw Osinski/

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.
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Filing Date 2019-12-31

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Stephen Yip
Art Unit 2666
Examiner Name VARNDELL, ROSS E
Attorney Docket Number 32830/58872A

1 PELLEGRINO et al., "Controversies in oncology: are genomic tests quantifying homologous recombination repair |:|
deficiency (HRD) useful for treatment decision making?,” ESMO Open 4(2) (2018)
2 ULYANOV et al., Instance normalization: the missing ingredient for fast stylization, arXiv:1607.08022, 1-6 (2017). ]

If you wish to add additional non-patent literature document citation information please click the Add button
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www LISPTOL.GOY or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if|
English language translation is attached.
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Application Number 16732242

Filing Date 2019-12-31

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Stephen Yip

.. Art Unit 2666
( Not for submission under 37 CFR 1.99)

Examiner Name VARNDELL, ROSS E

Attorney Docket Number 32830/58872A

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[[] See attached certification statement.
[x] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature _/Paul B. Stephens/_ Date (YYYY-MM-DD) 2020-08-19

Name/Print Paul B. Stephens Registration Number 47,970

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5
U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court,
magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request
involving an individual, to whom the record pertains, when the individual has requested assistance from the Member with
respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the
information in order to perform a contract. Recipients of information shall be required to comply with the requirements of
the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may
be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to
the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of Nationa
Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/
her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to recommend
improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such
disclosure shall be made in accordance with the GSA regulations governing inspection of records for this purpose, and
any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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i Box No. ¥ Observations where certain claims wevre found nrscarchable {Continuation of item 2 of first sheeet}

| This internationat search report has not been established in regpect of cerlain claims under Avticle 17(2)a) for the fullowing reasons:

1. m o N

because-thay relats to subject matter not reguired o be searched by this Authority, namely:

2. E] Claims Mos.:

because they rolate o parts of the international application that do not comply with the pres
extent that ne meaningful international search can be carried out, specifically:

ribed requirement

2 i § Chaims pos.:

becguse they are dependent olaims and are not drafied in accordance with the seoond and third ssntences of Rule 6.4(8).
4 }

Box No. Il Ohservations where unity of invention is lacking (Continuation of iem 3 of frst sheat)

This International Searching Authority found multiple inventions in this intermnations] application, as fullows:

2328 axira sheet—

} D Ag aif requived additional ssarch fees were timely paid by the applicant, this international search report covers all searchabls
claims.

287

i As all searchable claims could be searched without effert justifying additional fees, this Anthority did net invite paymeant of
additional iees:

o

fovs were tigly paid by the sppli

adiditioant sean VP
SHvally clRing Nug

id

As only some of the tey %, this intemational search taport covers
§

&
oniy these claims for which ey we

i
e

Noresgairzd 8 i vewwsre timely paid by the applisant, Consequently, this intemational seavch report is restricte
to the mvention Srst mesttoned o the Qlamns, i is covered by Sladms Nos.
1-28 and 71-84

Remark on Protest L_j The additional search fees wers accompanied by the applicant’s protest snd, whore applicable, the
payment of a protest fee.
LJ The additions! search fees were accompanisd by the applicant’s protest but the applicabie protest
fee was noi paid within the Hme limit specified in the invitation.
! J No protest accompauied the payment of additional search fees.

Form PCT/ASAZL0 {continuation of fivst shest {23 Uuly 2019)
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LA CLASSIFICATION OF SUBJECT MATTER
PG - GOSF 19/00 (2020.01)

CPC - GOSK 9/4828, GOBT 2207/30061, GOBK 9/8273, GUSK 9/6286

According o International Parent Classificauon (1PC) or to bath national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched {olassification systerm followed by claszification symbels)

Seer Search Histony docurment

¢ Documentation searched other than minimum documentation 1o the extent that such documents are inchuded in the fialds 5o savened
See Search History dosument

Electronin data base consulted during the interational search {name of data base snd, where practicable, search terms used)

SGas Saarch History gocument

C. DOCUMENTS CONSIDER. ‘EI“‘ TOBE RELEVARNT

Category* Citation of decument, with indication, whore appropriate, of the relevant passages Relevant to slaim No.
Y s 2(‘19!0@87532 A1 {Case Western Rasarve University} 21 March 2018 (21.03.2018) entire 1-28, 71-84

decurment (sspedially para [022], [0050], (0058, [01081-{0113], [0124}-101255.

Y WO 2018/165103 A1 {UNIVERSITY OF SCUTHERN CALIFORNIA} 13 Septamber 2018 1-2%, 71-84
(15.00.2018) eniire document (espedially para [0054}-10060), EOGhEt] -{0066], [00631-{0072],
{0078], (00113}

A 1S 2018/0230048 A1 {CELLANYX DIAGNOSTICS, LLU 23 August 2018 (23.08.2018) entire  §1-29, 71-84
gocurmnent

A US 2018/0340870 A1 (Ventana Medica) Systems, Inc.) 28 Novernber 2018 (28.11.2018) entire | 1-28, 71-84
sdocument

i'« E Further documents are hsted in the continuation of Box € E] Sce patent family annex.

* Spreisl categones of cited docurnzits: oA ;

“A7 dvomnen.dofinty the genal state of the act which is sot considered

w0 be pfg yssies
“DY O document eited by the applivant in the international application e
B carlierapplication or patent bt published on or afier the intermationsl
Elingdar
docusment W:;;F s

celowinee; the iy 1
. ﬁmt\t“‘*cvn’id red 1 drenive an s

i ﬁ\\: m%f\q

\m\‘-(%‘- G owhich Y™
\:‘: wRtRtton or nihor

ORI W e 1

ason Sy st 3 b
beg o¥

“O7 dowurnentvelerring to an oral disclosure, use. exhibition oruther means
P dow published prior fo the international Bling date but later than “&”  document member of the same patent fawmity
the pianty date claimed

Date of the avtnsl completion of the {nternational search Diate of mailing of the indernational search report
30 duly 2050 (2007 2020) Q 3 A U G 2@2 @
iame and mailing address of the ISA/US Authorized officer

Mail Siop PCT, Alin: 1I8A/US, Commissioner for Patents Les Young

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 574-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Forr PO end shesty diuly 2019)



INTERNATIONAL SEARCH REFORY international application No.

POTANE 20/24748

Coniinuation of Box il Lack of Unity

| This application contains the following inventions or groups of inventions which are not so finked as io form a singie gensaral inventive
| consept under POT Rule 12,1, In order for all inventions to be searched, ihe appropriate additional search faes must be paid.

roup |2 Claims 1-29 and 71-84 are drawn to training deep lsaming muitisosle dlassifier models to classify tiled imagss of tissus and
;den“:f}, celis and basad on the tissue dlassifications and cells identiiving a predicted presence of a biomarker.

Group il Claims 30-40 and 85-95 are drawn to clustering the recsived melecular training dataset to identity the differant biomarkers and
using the generated biomarker classifier model on the received subsequent digita! image to identifying 2 pradicted presence of
biomarkers in the subseguent Ussue sampie,

Sroup Hl: Claims 41-70 and 98-118 are drawn to 8 deep learming framework to classify different biomarkers, predicting a biomarker
classification for each tiled image and using the prediction o generate a report including the image and digital overlay visualizing the
determined predict prasence of blomarksrs in the tissus.

The Inventions listed as Groups { through il do not relate to = single gensral inventive concept under PCT Rule 13.1 because under
PCT Rule 13.2 they lack the same or sorresponding technical features for the following reasons:

Special Technical Features:

The special technical feature of Group | s training deep learning multiscale classifier modsls to classify tled images of issue and
identify celis and based on the tissue classifications and celis identifying a predicted presence of a biomarker, not present in any other
group.

The spedial technical feature of Group il is biub‘ler:ng the received molecuiar training datasset to identify the different biomarkers and
using the generated biemarker classifier model on the received subsequent digital image to identifving & pradicted pressncs of
biomarkers in the subseqguent tissue sample, not present in any other group.

The spscial technical feature of Group i is a deep learningframewsrk to classify differer'r biomarkears, pradicting a biomarker
classification for sach tiled image and using the prediction to generate a by 4 the image and digital overlay visualizing the
determined predict presence of biomarkers in the tissue, not present in 23‘1‘-'

T qrau;'.x
Common Technical Features:

-Groups | through [, share the technical feature computer-implemented method/computing devics of identifying bismarkers in a digital
age of @ hematoxylin and eosin (H&E) stained slide of target tissus, comprising: the trained imagebased biomarker/cell classifier
madsal and identifying a predicted presence of one or more b:omarkers for the tissue sample. However, this sharad technical features
does not represent a contribution over

US 2015/0239845 At (CELLANYX DIAGNQSTICS, LLC) (hereinafter Ceilanyx) 23 August 2018 (23 08.2018) in view of
US 2018/0340870 A1 (Ventana Medical Systems, inc.) (hereinafter Ventana) 29 November 2018 (29.11.2018)

Cellanyx teaches a computer-implemanted method/computing device of idertifyina biomarkers in a digital image of a stainsd slide of
target tissue (para {0013}, [0023], [0183], [0167], [0173), {0227}, 10232]), comprising:

the trained imagebased biomarker/cell classifier mods! and identifying a predicted presence of one or more biomarkers for the tissue
sample (=.g. the output of | xmagma provides data groupsd into the meby-n array, where the rows include cell IDs (.e., cells identifiad
duiring theoelt tsawmg procsss), and the coluranz include the i dual biomarkers measurest § f1 of thous cens, cars [0173
szg,.\nm {roer s:\‘ 153G 3 abnormat cells may thm ‘Bafed throug ssifying algorithm that cormaidins S4ch B arkre: mass 1aris
H¥es nqmawes

¥ ,«,m u{;f&di frdinainrs g b mawar, para 0 iﬁ}{t 1&3
m‘n th:srs PR u\\mf hcs“ehv at :eeai Wes :rzi;»:;\wsg ,em:

g >§md ensiy IHEEL Howewe:
;‘wa ‘OB"S‘ =~'IL'=4'*}¥ S( wmud* 52 DeegE {> Ty s ame.af naf\g qk: in the art'; N
riamatoxyliny andd sostn (HEE as :amrﬂ by Vemtana bamause e modifization would s\v«
detection of the biomarker or other structures in the context of the cross sgstionsl relaid
sample {Ventana, para [J028]}.

xyl';\ wrid eosin (HYE)
3 cf \;N!anyx by mciud:nq

3 OF e trss S, on

differant po'ﬂon -'}f th@ digital image); ciak&xfy tissue/bio marke-, .he peurahty of ile images o 3 deep ! 'rnmq framewcrk comp:mnﬁ aneg
oF more trained deep | 'earmrg classifier models; identifying a predicted presenice of one of more biomarkers associated with the digital
image {2.g. the output of imaging provides data grouped into the m- by-'x array, whare the rows include cell 1Ds.. However, this shared
technical {aaturee does not reprasant a contricttion over Cellanyx in view of Ventana. .

-se8 extra sheel-

Fom PCT/ISA/210 (extra sheet) (July 2015



INTERNATIONAL SEARCH REPORT Troationat aoTieation Mo,

PCTAIS 20/24748

-see preceding sheet-

Ce’ianyx teaches a compuisr-implamentad method/computing device of identifying biomarkers in digital image of a stained slide of
target Ussue {(para {0013], [0023], {01683}, [0157], {0172), (0227}, [0232]), the method scomprising:

receiving the digital image to an image-based biomarker pradicion system having one or more processors {e.g. The celis are then
analyzed on the chip using, for ehmpie atomated thf/ﬂ uorescent microscopy, and Imagss are ur‘l saded 1o, or accessed in a
databass by, a progranyihed idilizes machine vision imags analydis la'sal -“ii&wus reltrn LAPE gid MAPE valuss, pary i@mm;
perfraing an insge Mg g § procgss, using the ons gr more processos, O Heedigitat irmag Dy be')af'simg thedighial H
of tile images, where sach cf the plurslity of tile images contains a diffsesnt partion of hed igite ferana (e givideg
provids for rsaging of multiple seotors (e, ging spots) that can be montaged to create an image of the whole xmag ng chamber or
selwcied grea of the chamber, para [188][G187]);

ciassify issue/biomarker (e.9, For each sample, hmmarke. dats from each singls cell is fad inte & trained random forest olassifier. Each
random forest classifier is trained basad on study data to predict one of six different advarse pathologies related fo prostats cancer.
Thersfore the likelihood of each of the adverse pathologies is predicted Indepandently. The output from this random forest diassifier is 5
pradictor score for each cell in the sample, para [02321);

e phuatiy of tile | n‘&mﬁss "(o § 'is’»:@p Iearoing fr«smswn.\k con‘s‘gimm oRe o i
X }Q . % 1

saier fadels vy
o Soring the osll
L. Rt“--‘dt‘\ feopy

S raiived dea hisriag
Lot I e ediside
seq., pasa Rl

i autput

: ‘h c‘: "?mw

ssmmrf‘\&i Be:
relevant £ oY
et el 'i‘(f,:‘Fe paes {Siaﬁi [{3 u; R sed le&mmq tese “quues th?? mav be &mpin 3
to uthers d U herematiesst the fotowing chmiques: aversged one-dependence astimators {AQDE), ari gl nebweork
{e.g.. backpm;sagm-m autcancodars, Hopdiesid rmmnﬁ\s Bolizmians machines, Restrictad Bolizmann Machines, Spiling neural
nefworks), para [0185]-{01871);
memafym a predicted presence of ons or more biomarkers associated with the digital image {e.g. the output of imaging provides data
groupad into the m-by-n array, whare the rows include celt 1Ds (L.e., cells identified during the calf tracking provess), and the columns
include the indi vsduai momarkers R easured fcr e*a-,h of mcee -"ei‘s para {01 12}\
Callany falls k
p‘éi"»‘} {}.\i : {GN"} f\ it sw* :
&z iy
wn 0- \ks& ‘n-m*e e szif\e
samp!e {Vertana, para [0028)).

i el 2
i the g cro sectmr'a' r@latmmhip betwean the a-‘fuciuraw of the t%&ue

Thus, unify-of invention is lagking undas POT Rule 13.1 bevuss Groups | theough [ do notghiard a s
wednina featre that would Brovide g aifing eontribution eyt the prior art.
athese gross.

T OF GUIeRiing special
otis of hese speuial tenhinita! i AR common 1o the

Form POCT/ISA/21G (extra sheet) (July 2019)
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Box No.

?Q
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anttrm}imx 3
other g g o8

S m B He ‘P{‘A a'\ei mn P ity 2%
opinions of this International Searching nut}mf:t’y will not be so considered.

I. This opinion contsins indications relating to the following items:

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned staternent under Rule 43 bis. 1 {3} with regard to noveily, inventive step and industrial applicability;
citations and explanations supporting such satemert

Certain defects in the interpational application

m Box Mo, 1 Rasis of the opinion

m Box Mo, II  Priority

EE Box Ma. 1]

Box Neo. IV Lack of unity of invention
K‘ Box MNo. V

i:] Box No. VI Certain documents cited
L]

Ll

VII1 Certain observations on the international spplication

If this opinion is, as-provided above, considered to be a written opiniin of the [PEA, the appiteset
a written reply togethay, wherd appropriate, with amendments, R fors the expiration of 3 maonth
POTISA/220 or befose the expiration of 22 months from the priocity date, whichever expires later.

For further opticns, see Form PCT SA/ZZ

Y exccp; tb 1t ﬂm dosss at ":pr:h wtu.m the apufxcaﬁt si <:(m§ Az 3
A has notified the lmgraatinnal Buresy under iuit, 58 1 by that wa

it 10 submit to the [PEA
 the dsdiy of mailing of Form

Naine and mailing addregs of the ISA/US

Mait Siop PLT, At 1ISAAIS
Cammissionar for Palents
2.0, Box 1450, Atexandria, Virginis 222313-1458

Facsunile No. 574-273-8300

“Date of completion of this opinioan

20 July 2020 (26.07.2020}

Authorized officer
Lee Young
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Telephone No.

571-272-4300
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Box Mo. | Basis of this opinion

1. With regard to the Iamgnage, this opinjon hay been: satablished on the basis of

the intsrnational application in the language in which i was filed.

m a tragsltion. of the: inwrnatispal sppliestion into which is the tanguage of 2 transfarion

Y
fumnished for the purposes of's 253

ntdriandnad search (Rules 12.3(a)y and 23 (b))

This opinion has been sstablished taking into account the rectification of an obvious mistake authorized by or notified to
this Apthovity under Rule 91 (Bule 435is.1{b)).

0

With regard to any nucientide and/or aming acid seguencs disclosed in the nternational application, this opinion has besn
sstablished on the basis of & sequonce listing:

n

a. m forming part of the intemational applivation as filed:
E::] in the form of an Annex C/ST.ZS text file.

on paper oF in the form of an image e

b1 furnished togethier with the iugrnational appiication under FCT Rule 134eri{a) for the purposss of imemational
search only in tue fen of an Anesx /8T 25 text fils,

c. t:i furnished subsequent to the internationsi filing date for the purposes of intemational search only:
E:j in the form of an Annex C/8T 25 text file (Rule 13zer. 1{a})

m on paper or in the form of an image fle (Ruie 13rer 1{d) and Administeative Instructions, Section 713,

4, m It addition, in the case that more than one version or copy of a sequence listing has baen filed or furnished, the required
statements that the infdrmation in the subsequent or additional copies is identical to that forming part of the application as
Rled or doss not go beyond the application as filsd, a5 appropriate, were furnished.

S, Additional comments:

Form POTISAZ3T (Rox No. §) (revised January 2019)
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Box No. 1Y Lack of unity of invention

1 E In response to the invitation (Form PCT/ISA/206) to pay additional fees the applicant has, within the applicable time limit:

paid additional fees.

m paid additional fees under protest and, where applicable, the protest fes.
{j paid additional fees under protest but the applicable protest fee was not paid,

not paid additional fees.

2

This Authority found that the requirement of unity of invention is not somplied with and choss not to invite the applicant to
pay additional fees,

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 55
D complied with,
not complied with for the following reasons:

This application containg the following inventions or groups of inventions which are not so linkad as to form a single general inventive
concept under PCT Ruls 131, In order for all inventions to be searched, the appropriate additionat search fees must be paid.

agsifier madels fo classify flad mages of issue and
tad presence of z blomarker.

fncehvatvedssular training datasst & identify the difersni biomarkars and
i sibsequnnt digital image to ideniifying a pradicted prissence of

§ 30-40 and B8543 gy grawn o clustering 4
Ja%rsg me gqnmmd blomasrkerslas “model on the et
bioriarkers in the subsequent dssue sample.

Group H: Claims 41-70 and 25-118 are drawn 1o 8 deep isarning framework o o {assify different biomarkers, predicting a biomarker
classification for ea»h filed image and using the pradiction to generate a report including the image and d.g.tai overlay visualizing the
determined predict presence of biomarkars in the lissue. ;

The inventions listad as Sroups | through i} do not relate to a single general inventive concept under PCT Rule 13.1 because undey POY

Rute 13.2 they lack the sams or coresponding technical festures for the following rsasons:

images.&f izsue and identify

: m::eaf «“mea of Sraid is raining deepieaning mulliscale o :
Lok present in aay other group.

o e iad- classifieations and cells .da fying a prediciad g

s uuv‘!ﬁ: ! Friciges ing daladet to igahtify the differant bidrmarkers and
ool o m:\ ramm?‘i suhsaqga i gigitel image to ideifying a sradicied prssence of
aevids, nob presat in sy other roup.

y

The special techeicat leatire of Creupdli is a deap leami ingframawark to classiy ¢

rent biomarkers, predicting a biomarker
classification for eath fied image and using the prediction to ge*zemto a raport inoluding the image and digital overiay visualizing the
determined predict presence of biomarkers in the tissus, not present in any other group. .

Common Technical Features:

ik of itan
Smgebased Hor &
r, s shared toehaicsd fsatues Jwv'm\‘i

andd ides mym \a p S presence ol OO PRI Nw'«ar a*& ﬁs-‘ "‘h», !wsas i:-d 0
| reprasent a (‘r‘ntrkbmicr aver

LS 2018/0238948 At (CELLANYX DIAGNOSTICS, LLO) (hereinafier Cellanyx) 23 August 2018 (23.08.2018} in visw of
LS 2018/0340870 At (Ventans Medical Systems, inc.) {(hereinafter Ventana) 28 November 2018 (28.11.2018)

-See supplemental boxs

4. Consequently, this opinion has been established in raspect of the following parts of the intemational application:

E} all parts.

m the parts relating to claims Mas, 1-28 and 71-84

Form PCTHISAZEY {(Box No. IV) (ravised § ammry 2018}



WRITTEN OFINION OF THE luternational application No.

INTERNATIONAL SEARCHING AUTHORITY POTILS 20/24748
Box No. ¥V Reasoned statement under Rule 4L§éis.i(a){i} with regard to novelty, inventive step and industirial applicability;

citations and expisnations supporting such siatement

1 Simtement
Movelty (M) Claims 1-29 and 71-64 B YES
Ciaims None MG
Inventive step (IS} Claims None ] YES
Claims 1-29 and 71-84 LN
Industrial applicability (IA) Clzims 1-23 and 71-84 YES
Claims Nene . . MG
2. Ciiations and explanations:

%2 &1 to Casy Veestern
BNIA (nersiaitar

Claims 1-28 and 71-84 lack an inventive step under PCT Article 33(3) a3 beingic

Reserve University (hereinaiter Case) in view of WO 2018/165103 Al to UNz\’{"R&iW CA-F ‘{Jlﬂ H RN CAL.,
California).

Sespternplerneniag ragthad of idenifong vomankers i dighal imags: afa

rargel Hesus (paia [002F, 105, §€!Ob Awmmtmg device
a: mme c:rf a Hamatoryin sl Bosky (&R :
frara 5_‘7{?;‘2? {00501, 005%], [MU] -[1071); and one oF more processof&

k

vte\.nmqugh, OF SR ﬁ '*rﬁq"nf catt
4 si 8 $AE ar SRS HOeE R
RGeS coma > SRR :
nert, pathdeaic :ssahs'}:w'« d‘t‘ a”{afm. e::' :rmx Tn am‘ RN

B

b =ﬁ§‘\“ 2 ;ws’a,.‘ ety el it i
pamnealife E,«rzz;'s:f e pu\&i\ by 100G . in another embodiment, other r'u“nbe"‘ of p"tcheb may be

"a.'l’sml.} Shuingy have diffarent dxrr'e'\s ons {2.g., 750 pixels by 750 pixsls, 2000 pixels by 2000

p:\ea‘: mr} {t}f 1

‘e&r(i?“if* Famawark compising QA 3
velgSEiy & fesus Qlasais 3§im foraan

T nsining n\a;;zw\a 8 mnot ?‘kﬁ!
of machine esming

em};A i ag anther

QDN Shasier, @

?e‘a;‘s’ér__ muﬁmr B RE desshied, o ; e Ve g, guosrating 2 ol
mgion gl § -acwwn* by nwn‘%\: sr'em Based, 8t i@aef bt ;Ja.i *3 \h{\ rw ity antesdiment, ¥
Sehigras W T 3 53 yeupinn of Hesg

¥ par IR
z;&isg e Gt Ot PG process

pidarming Trameonly fom hetssug quvm \am-, ﬁfi‘"‘&?'?‘??‘é‘ﬁ faf &sei\ b

m‘é*s: .3;-:3&\

shatuss _‘ i 2 dxagemz\&c im.ture it st e.m,-:i iw,-,u

- As oot ciaims 2 and 72, Case teaghiss wherein perfiirading i inaige tiling precess on the digital image comprises applying a tiling mask to
the thigital imags, to separate the digital image inte the pluratity oF We images (para [0032], [0039)).

As per claim 3, Case teaches wherein the tling mask comprises ties of the same size (para {0032], [0033]).

As per claim 4, Case isaches wherein the tling mask comprises ties of differing size {para {0032}, [D039]).

As par claim 5, Case leachss wherein the tling mask comprises tiles having a rectanguiar shape {para 3L {0038]
LEdanin supgimvemai Do%-

Fonm POTABAMLYY (Box Mo. V) (revised January 2018}
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Supplemental Box

' In case the space in any of the preceding boxes is not sufficient.
Continuation oft
Bax V, 2: Citations and Explanations

As per claim 8, Case teaches wherein the tiling mask comprises tiles characterized by topology andior morphology of pixels or groups of
pixsls (para [0032], [003%]).

8t m \\g;es 8 bﬁ‘(‘(‘d‘:ﬁ
ver [EOSOHDNEG ang

53R e seiiation \p*\ra
sFoving non-Hesue

Ag per claims 8 and 73, California teaches further comprising training the one or more trained deep leamning muitiscale classifier modsils
by

 raceiving, at the multiscale deep learning framework, @ plurality of HAE slide training images from a training images datasst, sach H&E

slide training image having & label corresponding 1o a biomarker to be trained {pers {0020}-{00238, 18044100451 erming e-based

tissue classification analysis o each of the HAE slide training images (para {09201 {(,04!:-‘ § U5, pe'formmg Fpixel-bagsd cell

spgmentaian mm\s is Be HAE slide tnining imisgas foars (0030}, nally parferning a tile-based
unaker b eacheat de HIEE ot balning images {pars z(}i,\?m {\. BET AN

i} l'l?°UGﬂR13‘ g eﬁsmam {q zm DR morsirained deen koarting pudy b,ajg classilsr modéls DY, TORST,

As per claims 8 and 74, California teaches whereln each H&E slide training image comprises a plurality of tile images each having a tile-
level label (para [0020]-R3022}, (0078], 061131},

As per claim 10, California teaches further camprising, for each H&E stide tralning | image, iImputing a tile-levet label for each of & plurality of
tile images of the H&E sfide training image {para [00201-[0022}, {06078}, 1001131,

Aok process that

As par claim 11 and 75, California teachss further comprising: Jor each HRE siids raining imags, perfaming a tess
i fgrred class

‘mfe's a glass status for each tils image in the g irnags ‘wara ~t} R0 {‘1("‘2}, {Q0T6], P11 I3)); based
[ i sarding tle imagies not comespat ; e-baded s
: S aining irages, suth g
fiti=ia gl e HAK slids Faln g WrisGe {per

‘aswfcat:on ana!yq:s on each
cted e

Iors anaiys‘i 3%
GO {dﬁ?f} 001137,

As per claimes 12 and 78, Califorsisigsches further gomp
by: receiving a molecular tralrdng dalsset for a plusalitv of trsining tiss
franscriptome counts from seguencing of a substantially similar samp
petigrreieg s slustering pracess S i nbiectlar raining sitsset 1 enliy 6ng
dittarait biomarker {pars [UDSI-I0NSE), DAYEM0081]); for %\'ﬁ{,)‘ {sf mn m m' mo rm‘oc
images of H&E stained fraini ng e!:dm of trammg tissug samy

predichion 5 38 naw‘s, GER O NS EIDCOSSOrS m:m {.,

}leammg muﬁllhb&f% ka‘tbb!f er mwﬁeis {paras {302 i&t 45] Qr Gk fﬁ(i“ﬁ}l

EAS per z,!aim 13, Cailifornia teaches wherein the one of the one or more trained deep learning muttiscale classifier modais are each
Fconfigured as a tiie—fsso ution Fully Convolutional Network (FGN) classification madal (para [0050], [0O108}-{001107}.

As per claim 14, California teachss wharein the rained deep iearming multiscaie classifigr wadels are sach irzined to ¢ olagsify feseas
rfir'}wg.xunf_.-nu io a classification salaniad om the grov Lonwsting of tumor, stoms; srmal, lvmph L It muscle, Taad vens s,
irmensns duster, necrosis, hypediniasiafhnspiasts, am‘s red My celis (para {0058, [00791-{0081]).

He awitietes ths gigital image te using 3}3-\1 izsﬁ'nad a,e!i'
giriraiity of tile imsges ¥ e el 59
a,x\ag.«:ss S 01248

thakes 15, Cane Wedinas anstay Weniifig o qmemaison
$EING 1S ONE LU IGER RIOREBEE

sificativro to ane o iovs pingis Wit

3 eall chs

As per claim 18, Case teaches wherein assigning the cell dassification to one or more pixels within the tile imags comprises:
identifying, using the one o more processars, the one of more pixels as 3 cell.imarior, a cell border, or a cell exterior and classifving the
one of more pixels as the cell interlor, the cell border, ur the cell exterior {para {F10G-{0113]).

A per claim 17, Case teaches whersin the trainad cell segmentation model is a pixelresolution three-dimensional UNet classification
:model trained to classify a call interior, 2 cell border, and a cell exterior ({para [0109]{0143]).

A per clatey 18, Usre teathes whsrein ideiil
ﬁi}p'yu‘g uging the-one or murs PIOUEEEOTE, QEih 3
D181y sud perdiivming, using e d8av > QI § magay by gete
cell border of each oell, determining a centroid of each GE?H, and bh:ﬁ:m cotedinFes s f(.k:"ﬂf\.} BEY 'ia s:'un’évs&is;af w{s&‘"wm AP3
digital image (parz2 {O‘:OS}-{GMSL {0424}-10125)).

-Continuation in next supplemental box-
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As per claim 18, Case teaches wherein the trained cell segmentation mode! is trained using & set of HAE siide training images annotate:d
identifying cell borders, cell Interiors, and cell exteriors {para {0032}, [0038Y; para [0108]-{0113], [0124}-{0125].

As par olaim 20, California teaches wherein the digital image is an unlabeled digital image or a slide-level labeled image (para [0020}-
 [0022, [o07e], [00113)).

As per claim 21, California teaches wharein the digital image is  tile-level labelad image (para [0020}-[0022], [0O76Y, (00113,

ikrating

AN

As par ofaiin 23 snd 77, Chliorria foaciies wherein the one or more biomarkers are setected drom thi group consisiing of furged
lympheaites {11 Ley, nutisdsdo-ovlyogiasm (NC) ratio, ploidy, signst ring morphalogy, snd pragresmed death-Sgand 1 (P&
[COBRL{HUBY, TSI DESET

As par claim 23 and 78, California teaches wherein the one or more biomarkers is T Ls, the mathod furiher comprising:

identifying, using the one or mora processors, iymphocyte celis within the digital image using a trained lymphooyte segmentation model, by
intsgrating, using the one of mors progessors, the celi borders identified using the cell segmentation modet with the lymphooyies identifisd
using the hymphocyte sagmentation model and generating, using the one or more processors, a nasted classification of each cell {para
{00881-{0060], [0063]-10068], {00591-[0072]).

S5 paY daling 24 and 7, Ualifor iy waches Whersdn e lone o mong blomarkers is T1 Ls; Shemethod furiies compisihg: idensiidng, using
ihe.ohe e mare processors, iymghocide oalis withinthe digitel image using a trained lymehonyte segmsditation shodsd, by spvitg zach of
wpturality of s imagesin a fained yrmphooyis segmeniation modsi and, for each tie imags, assigning a iymphooyte

classification o one or mora pixels within the tils image (para [0058]-{00E0], [0083]-[008E], [COSEO072].

Ag per claims 25 and 80, California teaches wherein the one o mors biomarkers is Ti Ls, the method further comprising identifying, using
the one or more processors, lymphocyte cells within the digital image using a trained iymphocyte segmentation model, whersin the
lymphocyte segmentation mods! is a pixel-resclution two-dimensional UNet dassification model trained to identify a lvmphocyts call

: classification within & cell border and a non-lymphocyte cell classification within 2 cell border {para [00551-[0060], {C0631-{C088], [D068)-
 {00721).

:As per claims 26 and 81, Case teaches wherein the one or more processses are one or more graphics processing units (GPUs), tensor
processing units (TPUs), and/ior central processing units (CPUs) (para J0858]).

Ag faeolalns BT and 82 Case jeagnay wndein the Image-bused Siomarker predicting system is communicatively coupiad to a gafhiology
 Siide soannersystedt hrolgh s eammunication netenr, such that he image-based bisynarker pradiction system roseves the digts! image
o the pattind )

ingy slide soanmss gystes pver W pmnesrioaion aetwork (para [0101140108]; para (6022}

As per claim 28, Case teachss whersin the image-based biomarker prediction systerm is contained within a pathology slide scanner system
{para [G1013-[C108];, para 00221,

As per claim 29, Case teaches wherein at isast one of the one or more prossssors of the image-based bicmarker prediction system is
sontained within a patholegy siide scanner system (para [0101]-{0106]; para {G0221).

As per claim 83, Case tsaches wherein the computing device is contained within a pathology slide scanner system (para [01011-{0108%
para [00223}.

As per ciaim 84, Case teaches wherein at least sh2 of the ane or more processors of the computing device is contained within a pathology

slide scanner system {para [0101}-{0108]; para [0022]).

Clairs 1-20 and 71-84 have industiial applicability as defined by PCT Article 33(4) because the subject matier can be made or used in
industry.
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Thus, unity of iInvention is lacking under PCT Rule 13.1 because Groups | through 1 do not share a same or corresponding special
technical feature that would pmvxde a unifying sontribution over the prior art. None of these spacial technioal faatures are common to i
other groups.
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1. This International Searching Authority

(i) considers that there are _3 (three) (number of) inventions claimed in the international application covered
by the claims indicated below/on an extra sheet:
-see extra sheet-

(ii) therefore considers that the international application does not comply with the requirement of unity of invention
(Rules 13.1, 13.2 and 13.3) for the reasons indicated below/on an extra sheet:

-see extra sheet-

(iii) D has carried out a partial international search (see Annex) m will establish the international search report

on those parts of the international application which relate to the invention first mentioned in claims Nos.:
Claims 1-29 and 71-84

(iv) will establish the international search report on the other parts of the international application only if, and to the extent
to which, additional fees are paid.

2. Consequently, the applicant is hereby invited to pay, within the time limit indicated above, additional fees in the amount
indicated below:
$2080 x 2 =

number of additional inventions

$4160 (See Item 2 of next sheet)
total amount of additional fees/currency

Fee per additional invention

3. The applicant is informed that, according to Rule 40.2(c), the payment of any additional fees may be made under
protest, that is, a reasoned statement to the effect that the international application complies with the requirement of unity
of invention or that the amount of the required additional fees is excessive, where applicable, subject to the payment of a
protest fee.

Where the applicant pays additional fees under protest, the applicant is hereby invited. within the time limit indicated above,
to pay a protest fee (Rule 40.2(e)) in the amount of (amount/currency)

Where the applicant has not, within the time limit indicated above. paid the required protest fee, the protest will be considered
not to have been made and the International Searching Authority will so declare.
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Article 17(2)(b) because of defects under Article 17(2)(a) and therefore have not been included with any invention.
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Item 2 (continued). For International Applications filed on or after 01 January 2014,
Applicant is reminded that the search fee per additional invention indicated in item 2 is the
undiscounted fee per additional invention. An Applicant may pay the search fee per
additional invention fee reduced by 50% (small entity assertion) or 75% (micro entity
certification), as appropriate. See 37 CFR 1.27 and 1.29.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-29 and 71-84 are drawn to training deep learning multiscale classifier models to classify tiled images of tissue and
identify cells and based on the tissue classifications and cells identifying a predicted presence of a biomarker.

Group II: Claims 30-40 and 85-95 are drawn to clustering the received molecular training dataset to identify the different biomarkers and
using the generated biomarker classifier model on the received subsequent digital image to identifying a predicted presence of
biomarkers in the subsequent tissue sample.

Group (lI: Claims 41-70 and 96-118 are drawn to a deep learning framework to classify different biomarkers, predicting a biomarker
classification for each tiled image and using the prediction to generate a report including the image and digital overlay visualizing the
determined predict presence of biomarkers in the tissue.

The inventions listed as Groups | through Ill do not relate to a single general inventive concept under PCT Rule 13.1 because under PCT
Rule 13.2 they lack the same or corresponding technical features for the following reasons:

Special Technical Features:
The special technical feature of Group | is training deep learning multiscale classifier models to classify tiled images of tissue and identify
cells and based on the tissue classifications and cells identifying a predicted presence of a biomarker, not present in any other group.

The special technical feature of Group Il is clustering the received molecular training dataset to identify the different biomarkers and using
the generated biomarker classifier model on the received subsequent digital image to identifying a predicted presence of biomarkers in
the subsequent tissue sample, not present in any other group.

The special technical feature of Group Ill is a deep learningframework to classify different biomarkers, predicting a biomarker
classification for each tiled image and using the prediction to generate a report including the image and digital overlay visualizing the
determined predict presence of biomarkers in the tissue, not present in any other group.

Common Technical Features:

-Groups | through lil, share the technical feature computer-implemented method/computing device of identifying biomarkers in a digital
image of a hematoxylin and eosin (H&E) stained slide of target tissue, comprising: the trained imagebased biomarker/cell classifier model
and identifying a predicted presence of one or more biomarkers for the tissue sample. However, this shared technical features does not
represent a contribution over

US 2018/0239949 A1 (CELLANYX DIAGNOSTICS, LLC) (hereinafter Cellanyx) 23 August 2018 (23.08.2018) in view of
US 2018/0340870 A1 (Ventana Medical Systems, Inc.) (hereinafter Ventana) 29 November 2018 (29.11.2018)

Cellanyx teaches a computer-implemented method/computing device of identifying biomarkers in a digital image of a stained slide of
target tissue (para [0013], [0023], (0153], [0157], [0172], [0227], [0232)), comprising:

the trained imagebased biomarker/cell classifier model and identifying a predicted presence of one or more biomarkers for the tissue
sample (e.g. the output of imaging provides data grouped into the m-by-n array, where the rows include cell IDs (i.e., cells identified
during the cell tracking process), and the columns include the individual biomarkers measured for each of those cells, para [0172]; e.g.
Results from imaging abnormal cells may then be fed through a classifying algorithm that correlates each biomarker characteristics of the
cell with clinically relevant pathological indicators. The classifying algorithm being frequently previously trained with a training set of
samples with known pathological indicators or biomarker, para [0189]-[0191]; e.g. supervised learning techniques that may be employed
include (in addition to others discussed herein) at least the following techniques: averaged one-dependence estimators (AODE), artificial
neural network (e.g., backpropagation, autoencoders, Hopfield networks, Boltzmann machines, Restricted Boltzmann Machines, Spiking
neural networks), para [0185]-{0187]);

Cellanyx fails to teach hematoxylin and eosin (H&E). However, Ventana in an analogous art, teaches hematoxylin and eosin (H&E) (para
[0028], [0047]). It would have been obvious to one of ordinary skill in the art to have modified the system of Cellanyx by including
hematoxylin and eosin (H&E) as taught by Ventana because the modification would permits in a manner that permits microscopic
detection of the biomarker or other structures in the context of the cross-sectional relationship between the structures of the tissue
sample (Ventana, para {0028]).

-see extra sheet-
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-see preceding sheet-

Group | and lil share the technical feature a computer-implemented method/computing device of identifying biomarkers in digital image
of a hematoxylin and eosin (H&E) stained slide of target tissue, the method comprising: receiving the digital image to an image-based
biomarker prediction system having one or more processors ; performing an image tiling process, using the one or more processors, on
the digital image by separating the digital image into a plurality of tile images, where each of the plurality of tile images contains a
different portion of the digital image), classify tissue/biomarker; the plurality of tile images to a deep learning framework comprising one or
more trained deep learning classifier models; identifying a predicted presence of one or more biomarkers associated with the digital
image (e.g. the output of imaging provides data grouped into the m-by-n array, where the rows include cell IDs.. However, this shared
technical features does not represent a contribution over Cellanyx in view of Ventana.

Cellanyx teaches a computer-implemented method/computing device of identifying biomarkers in digital image of a stained slide of target
tissue (para [0013], [0023], [0153], {0157], [0172], {0227], [0232]), the method comprising:

receiving the digital image to an image-based biomarker prediction system having one or more processors (e.g. The cells are then
analyzed on the chip using, for exampie, automated light/fluorescent microscopy, and images are uploaded to, or accessed in a database
by, a program that utilizes machine vision image analysis to calculate and return LAPP and MAPP values, para [0147]));

performing an image tiling process, using the one or more processors, on the digital image by separating the digital image into a plurality
of tile images, where each of the plurality of tile images contains a different portion of the digital image (e.g. divided into coordinates to
provide for imaging of multiple sectors (i.e., imaging spots) that can be montaged to create an image of the whole imaging chamber or
selected area of the chamber, para [0166]-[0167]));

classify tissue/biomarker (e.g. For each sample, biomarker data from each single cell is fed into a trained random forest classifier. Each
random forest classifier is trained based on study data to predict one of six different adverse pathologies related to prostate cancer.
Therefore the likelihood of each of the adverse pathologies is predicted independently. The output from this random forest classifier is a
predictor score for each cell in the sample, para [0232]);

the plurality of tile images to a deep learning framework comprising one or more trained deep learning classifier models (e.g. the output
of imaging provides data grouped into the m-by-n array, where the rows include cell IDs (i.e., cells identified during the cell tracking
process), and the columns include the individual biomarkers measured for each of those cells, para [0172); e.g. Results from imaging
abnormal cells may then be fed through a classifying algorithm that correlates each biomarker characteristics of the cell with clinically
relevant pathological indicators. The classifying algorithm being frequently previously trained with a training set of samples with known
pathological indicators or biomarker, para [0189]-[0191]; e.g. supervised learning techniques that may be employed include (in addition to
others discussed herein) at least the following techniques: averaged one-dependence estimators (AODE), artificial neural network (e.g.,
backpropagation, autoencoders, Hopfield networks, Boltzmann machines, Restricted Boltzmann Machines, Spiking neural networks),
para [(0185)-{0187]);

identifying a predicted presence of one or more biomarkers associated with the digital image (e.g. the output of imaging provides data
grouped into the m-by-n array, where the rows include cell IDs (i.e., cells identified during the cell tracking process), and the columns
include the individual biomarkers measured for each of those cells, para [0172]).

Cellanyx fails to teach hematoxylin and eosin (H&E). However, Ventana in an analogous art, teaches hematoxylin and eosin (H&E) (para
[0028], [0047]). It would have been obvious to one of ordinary skill in the art to have modified the system of Cellanyx by including
hematoxylin and eosin (H&E) as taught by Ventana because the modification would permits in a manner that permits microscopic
detection of the biomarker or other structures in the context of the cross-sectional relationship between the structures of the tissue
sample (Ventana, para [0028]).

Thus, unity of invention is lacking under PCT Rule 13.1 because Groups | through Ilf do not share a same or corresponding special
technical feature that would provide a unifying contribution over the prior art. None of these special technical features are common to the
other groups.
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Abstract

A method assessing tissue morphology using machine leaming includes a step of training a machine learnable device
to predict the status of a diagnostic feature in stained tissue samples. The machine learnable device is trained with a
characterized set of digital images of stained tissue samples. Each digital image of the characterized set has a known
status for the diagnostic feature and an extracted feature map provides values for a extracted feature over an
associated 2-dimensional grid of spatial locations. A step of inputting the set of extracted feature maps is inputted into
the machine learnable device to form associations therein between the set of extracted feature maps to and the
known status for the diagnostic feature to form a trained machine learnable device. The status for the diagnostic
feature of a stained tissue sample of unknown status for the diagnostic feature is predicted from the trained machine
learnable device.
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to predict the status of a diagnostic feature in stained tissue samples. The machine learnable device is trained with a characterized set

of digital images of stained tissue samples. Each digital image of’

the characterized set has a known status for the diagnostic feature

and an extracted feature map provides values for a extracted feature over an associated 2-dimensional grid of spatial locations. A step
of inputting the set of extracted feature maps is inputted into the machine learnable device to form associations therein between the
set of extracted feature maps to and the known status for the diagnostic feature to form a trained machine learnable device. The status
for the diagnostic feature of a stained tissue sample of unknown status for the diagnostic feature is predicted from the trained machine

learnable device.
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MACHINE LEARNING FOR DIGITAL PATHOLOGY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001 ] This application claims the benefit of U.S. provisional application Serial No.
62/467,579 filed March 6, 2017, the disclosure of which is hereby incorporated in its entirety by

reference herein.

TECHNICAL FIELD
[0002 ] The present invention, in general, relates to machine methods for diagnosing, theragnosing,
and classilying types ol cancer.
BACKGROUND
[0003 ] The promise of machine learning in clinical pathology lies in its ability to learn novel,

independent patterns that can stratify patients and lead to better clinical decisions. Previous work in digital
pathology suggests that hematoxylin and eosin (H&E) images contain a wealth of information that is
currently underused in the diagnostic process and may have independent predictive value. For example,
computcr vision approaches applicd to H&E images can dctect cancer metastascs in lymph nodes! and
predict survival in lung cancer?. Patterns in H&E images may contain diagnostic cues for better diagnosis,
stratification and treatment selection. The biology of the cancer is reflected by the patterns and
arrangements of the cells, and it has previously been shown by many others that biology of the cancer
correlates to clinical outcome and response to therapy. (reference: https://www.cancer.gov/about-

cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet)

[0004 ] In the US, the standard of care uses multiple immunohistochemistry (IHC) stains and/or
molecular tests for estrogen receptor (ER), progesterone receptor (PR), and HER?2 to categorize the breast
tumor, determine prognosis and select treatment regimens>*. However, these assays may be inconsistent
across laboratories’, and while marker status is predictive of therapeutic response>®, the correlation is far

from perfect. For example, only 50% of women with ER-positive tumors and 60%-70% of women with
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ER-positive and PR-positive tumors show partial or completc responsc to tamoxifen therapy’~. Morcover,

THC stains are similarly used in lung, prostate, brain, and other cancer types.

[0005 ] Accordingly, there is a need for a method of extracting latent information from basic
imaging techniques to predict molecular level information that captures the underlying biology of the

cancer.
SUMMARY

[0006 ] The present invention solves one or more problems of the prior art by providing in at least
one aspect a method assessing tissue morphology using machine learning. The method includes a step of
training a selected (i.e., untrained machine) learnable device to predict the status of a diagnostic feature in
stained tissue samples. The machine learnable device is trained with a characterized set of digital images
of stained tissue samples. Each digital image of the characterized set has a known status for the diagnostic
feature and an associated 2-dimensional grid of spatial locations. The training of the machine learnable
device includes steps of identifying a plurality of extracted features in each digital image of the
characterized set of digital images associating a value for each extracted feature with each spatial location
to form a set of extracted feature maps. Each extracted feature map provides values for an extracted
feature over the associated 2-dimensional grid of spatial locations. The training also includes a step of
inputting the set of extracted feature maps into the machine learnable device to form associations therein
between the set of extracted feature maps and the known status for the diagnostic feature thereby creating
a traincd machinc lcarnable device. The status for the diagnostic fecaturc of a stained tissuc sample of
unknown status for the diagnostic feature is predicted by obtaining a sample digital image for the stained
tissue sample, the digital image having an associated 2-dimensional grid of spatial locations; associating
a value for each extracted feature with each spatial location of the digital image to form a test set of
extracted [eature maps [or the stained tissue sample of unknown status; and inputting the test set of
extracted feature maps to the trained machine learnable machine to obtain a predicted status for the status

of the diagnostic feature for the stained tissue sample.

[0007 ] In another embodiment, a trained machine learnable device formed by the methods set forth

herein is provided.
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[0008 ] In at Icast onc aspect, the present invention breaks from the current trend in computer vision
that incorporates a large number of color, texture and pixel level features. Instead, the present invention
focuses on cellular morphology and trained a deep convolutional neural network to learn relationships
between nuclear features. Framing the problem in terms of biological units (such as cell nuclei) provides
a more natural means to interpret learned patterns than pixel level features, and reduce the impact of noise

(such as staining variation) in H&E images.

[0009 ] The learning pipeline described herein is applied to the task of ER prediction in Breast
tumors. ER is an important clinical variable as its presence is a strong indicator of response to endocrine
therapy®. After testing and training the neural network on independent Invasive Ductal Carcinoma (IDC)
and Ductal Carcinoma in Situ (DCIS) datascts, it was found that the pipcline can significantly predict ER
status (AUC 0.7-0.8) from H&E images. The approach can be scaled to other critical markers such as
HER?2, cytokeratin, Ki-67, and molecular phenotypes’ used in current clinical workflows (luminal A,
luminal B, basal, and HER?2 positive). The approach can also be applied to predict response or survival

variables directly, such as 5Y survival, or days to recurrence [ollowing administration ol hormonal therapy.

[0010 ] Aspects of the invention that focus on morphometric features provide a unique way to
analyze the trained classifier. Analysis of the trained neural network leads to the conclusion that large
pleomorphic nuclei are an important feature for distinguishing between ER positive and negative breast

cancer tissue. Refinements to this approach can reveal new patterns that distinguish between tissue types.

[0011 ] In another aspect, the deep learning pipeline extracts morphometric features (c.g., nuclcar,
cytoplasmic, and extracellular morphometric features) from H&E images and feeds them into a deep
convolutional neural network!® to learn spatial patterns, and then uses these patterns to predict ER status.
After training the network on an H&E image dataset of invasive ductal carcinoma (IDC)", it is found that
the trained neural network can predict ER status on a test set of independent patient images of IDC!!
(AUC=0.7) and ductal carcinoma in situ (DCIS)!? (AUC=0.8). This result highlights the potential for
combining expert-defined features (e.g. nuclear properties) with neural networks to predict the molecular
biology of a tumor. This framework can be scaled to larger datasets, additional markers (e.g. HER2,

progesterone receptor, Ki-67), and molecular phenotypes'?.
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[0012 ] In another aspect, the variations scck to predict outcome variables, dependent on tumor

biology, such as survival, recurrence, and treatment response and duration directly from morphology.

[0013 ] In another aspect, training the neural network on nuclear morphometric features can
provide a way to address the longstanding interpretability challenge of deep neural networks. While deep
networks have proven (o be remarkably successful at a number of tasks in digital pathology'*, an open
problem in artificial intelligence is deconstructing the functions learned by deep networks to determine
what the DNN learned. By preprocessing images and extracting expert-defined features (nuclear
morphometric properties), the input to the neural network is simplified, and this was found to improve
interpretability of the trained network. For example, deconstructing the trained network from this pilot

rcvealed that the DNN learncd to corrclate large plcomorphic nuclei with ER-negative breast cancer.

[0014 ] In still another aspect, embodiments directly incorporate domain knowledge into the neural
network by learning on relevant, pathology-driven features (morphometric features of identified nuclei),
rather than forcing the NN to learn these features from raw pixels. In testing alternative approaches, is

found that a neural network could not be built based on raw pixel processing on so [ew samples.

DRAWING DESCRIPTIONS
[0015 ] FIGURE 1. Schematic #lustration of a method for a method for making diagnosis for
stained tissue samples
[0016 ] FIGURE 2. An idealized schematic illustration of a convolutional neural network
[0017 ] FIGURES 3A, 3B, and 3C. A) Receiver operating characteristic (ROC) curves for the IDC-

Training dataset (AUC=0.70, 95%C1=0.56-0.85), 3B) IDC-Test dataset (AUC=0.72, 95%C1=0.55-0.89),
and 3C) DCIS-Test dataset'? (AUC=0.81, 95%CI=0.70-0.93).

[0018 ] FIGURES 4A and 4B. Digital stain for regions predicted to be ER-negative. Pixels are
enclosed by a dotted line in regions predicted to be ER-negative with probability greater than 50%.
Enlarged regions of ER-negative tissue in Figure 4A reveal that the network classifies sub-regions of

epithelial tissue as ER negative. For comparison, ER positive tissue is shown in Figure 4B

4
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[0019 ] FIGURES 5A, 5B, and 5C Corrclating nuclcar morphomctric fcaturcs with ER predictions
from the neural network. Image “patches” were extracted from the IDC-Training dataset, ranked by
predicted probability of ER-status, and divided into 15 groups by prediction status. A) Two representative
patches classified as ER positive and ER negative are shown. B) The mean of each nuclear feature was
calculated within each patch (intra-patch mean); within each group, intra-patch means were averaged to
calculate the inter-patch mean. C) The variance of each nuclear feature was calculated in each patch (intra-
patch variance); within each group, intra-patch variances were averaged. The x-axis in b indicates group

number, higher group numbers correspond to ER negative predictions.

[0020 ] FIGURES 6A and 6B. Construction of a sparse 12-channel image. A) Hematoxylin and
cosin stained tissuc arc proccssed by a nuclcar scgmentation algorithm. Each nuclear feature is measurcd
and represented on a single 2D array, where individual cells are represented as points. Arrays are stacked
to form a 12D image. B) Detailed view of 12 individual channels that would be stacked to from a 12-

channel image.

[0021 ] FIGURES 7A and 7B. Schemalic of the deep neural network. A) The 12 Channel Image is
loaded into a fully convolutional network with six convolutional and max-pooling layers (not shown for
simplicity). The output is a 1D map of ER predictions, which is averaged and normalized (not shown) to
produce an ER score for the image. The size of the matrix that holds the convolutional weights is indicated
by underlining, where a matrix N X C x X x Y has N Kernels that act on a C channel input of size X X Y
x C. B) An cxamplc of convolutional and max pooling opcrations. In convolution, the starting image
(left) is convolved by four kernels (middle) to produce four feature maps (right). In max pooling, the

maximum value of each 2 x 2 square is used to produce an output image.

[0022 ] FIGURES 8A and 8B. The neural network was trained using adadelta gradient descent'
with binary cross entropy loss. Initially, 20% of the training data were held-out [or cross validation during
the training process (gray) and 80% of the training data were used for training (black). Starting at epoch

8235, all training data were used to train and validate the model (black).

[0023 ] FIGURE 9. Exemplary over-segmented and well-segmented images. An image is deemed

well segmented if it appears to be greater than 70% concordant.
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DETAILED DESCRIPTION

[0024 ] Reference will now be made in detail to presently preferred compositions, embodiments,
and methods of the present invention which constitute the best modes of practicing the invention presently
known to the inventors. The Figures are not necessarily to scale. However, it is to be understood that the
disclosed embodiments are merely exemplary of the invention that may be embodied in various and
alternative forms. Therefore, specific details disclosed herein are not to be interpreted as limiting, but
merely as a representative basis for any aspect of the invention and/or as a representative basis for teaching

one skilled in the art to variously employ the present invention.

EE T

[0025 ] The term ‘“‘comprising” is synonymous with “including,” *“having,” “containing,” or
“characterized by.” These terms are inclusive and open-ended and do not exclude additional, unrecited

elements or method steps.

[0026 ] The phrase “consisting of” excludes any element, step, or ingredient not specified in the
claim. When this phrase appears in a clause of the body of a claim, rather than immediately following the
preamble, it limits only the element set forth in that clause; other elements are not excluded from the claim

as a whole.

[0027 ] The phrase “consisting essentially of” limits the scope of a claim to the specified materials
or steps, plus those that do not materially affect the basic and novel characteristic(s) of the claimed subject

matter.

[0028 ] It is also to be understood that this invention is not limited to the specific embodiments and
mcthods described below, as specific components and/or conditions may, of course, vary. Furthcrmore,
the terminology used herein is used only for the purpose of describing particular embodiments of the

present invention and is not intended to be limiting in any way.

[0029 ] It must also be noted that, as used in the specification and the appended claims, the singular

form "a," "an," and "the" comprise plural referents unless the context clearly indicates otherwise. For

example, reference to a component in the singular is intended to comprise a plurality of components.
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[0030 ] Throughout this application, where publications arc referenced, the disclosures of these
publications in their entireties are hereby incorporated by reference into this application to more fully

describe the state of the art to which this invention pertains.

[0031 ] Abbreviations:

[0032 ] “Al” means artificial intelligence.

[0033] “AUC” means area under the receiver operating characteristic curve.
[0034 ] “DCIS” means ductal carcinoma in situ of the breast

[0035 ] “DNN” means deep convolutional neural network.

[0036 ] “ER” means estrogen receptor.

[0037 ] “H&E” means hematoxylin and eosin.

[0038 ] “IDC” means ductal carcinoma.

[0039 ] “IHC” means immunohistochemistry.

[0040 ] “ML” means machine learning.

[0041 ] “NN” means neural network.

[0042 ] “PR” mcans progcstcronc rceceptor.

[0043 ] With retercnce to Figure 1, a schematic iHlustration of a method for a method for making

diagnosis for stained tissue samples is provided. The method includes a step a) in which a digital image
of a stained tissue sample 12 is obtained. Characteristically, each digital image has an associated two-
dimensional grid of spatial locations. In step b), a plurality 14 of exiracted {cature maps are created [rom
the digital image 10 in a pre-processing step. The extracted features can inciude morphometric,
colorimetric, cell classification and traits, and the like. In this context, “extracted features” refers to
features of the stained tissue sample that can be identified and/or verified by a trained professional (e.g, a

pathologist or other physician). These expert-selected features can be automatically extracted with image

7
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processing algorithms. In step ¢), machine lcarnable device 16 receives plurality 14 of extracted feature
maps as a pre-processed input. Machine learnable device 16 is trained to predict the status of a diagnostic
feature (e.g., ER status, see below for more details) in stained tissue samples. The untrained machine
learnable device is trained with a characterized set of digital images of stained tissue samples.
Characteristically, each digital image of the characterized set has a “known” status for the diagnostic
feature. Machine learnable device 16 executes a machine learning algorithm to determine the diagnostic
feature. Examples of such machine learning algorithms include, but are not limited to, neural networks,
Bayesian networks, decision tree algorithms, support vector machines, and the like. Particularly useful
algorithms for practicing the present invention are neural networks, and in particular, convolutional neural
nctworks. Machine learnable device 16 includes computer processor 20 in communication with random
access memory 22. Computer processor 20 executes the machine learning algorithm. Marching learnable
device 16 also includes non-transitory memory 24 (e.g., DVD, ROM, hard drive, optical drive, etc.) which
can have encoded instruction thereon for producing output 18 from the extracted feature maps using a
machine learning algorithm. Typically, the machine learning algorithm instruction will be loaded into
random access memory 22 from non-transitory memory 24 and then executed by computer processor 20.
Machine learnable device 16 and also include input/output interface 26 that can be connected to displayer
28, keyboard and mouse. When machine learnable device 16 has been trained as set forth below, the status
of an unknown sample can be evaluated. In step d}, machine learnable device 16 produces output 18 which
provides the status for a diagnostic feature of a stained tissue sample. Advantageously, the diagnostic

feature can be use make theragnostic, prognostic, and/or diagnostic decisions for a patient.

(044 1 With reference to Figure 2, an idealized schematic illustration of a convolutional neural
network executed by machine learnable device 16 is provided. It should be appreciated that any deep
convolutional neural network that operates on the pre-processed input can be utilized. The convolutional
network can include convolutional layers, pooling layers, fully connected layers, normalization layers, a
global mean layer, and a batch-normalization layer. An alternative setup to using the global mean layer
is to combine convolutional layers with a recurrent neural network layers (for exampie a “long-short-term
memory layer” (LSTM)) . The recurrent ncural network layers could perform a similar function to the
global mean layer, in that they can aggregaie information from an arbitrarily large image inlo a fixed
length  vector. An example of wusing recumrent wnewral nets is  the following paper:

www.nature.comy/articles/s4 1598-018-21758-3; the entire disclosure of which is hereby incorporated by
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reference. However, the method of this paper acts on vaw pixels, unlike ours which acts on pre-extracied
features. A global mean layer that takes a feature-wise mean over the entire input matrix results in a fixed-
length vector which represents the entire image. Batch normalization, a regularization technique, which
may also lead to faster learning. Convolutional neural network layers can be characterized by sparse
connectivity where each node in a convolutional layer receives input from only a subset of the nodes in
the next lowest neural network layer. The Convolutional neural network layers can have nodes that may
or may not share weights with other nodes. In contrast, nodes in fully-connected layers receive input from
each node in the next lowest neural network layer. For both convolutional layer and fully connected layers
each node calculated its output activation from its inputs, weight, and an optional bias. During training,
optimal values for the weight and bias arc determined. For cxample, convolutional neural network 30
recetve plurality 14 of extracted feature maps as a muitichannel image. Convolutional neural network 30
include convolution layers 32, 34, 36, 38, 40, and 42 as well as pooling layers 44, 46, 48, 56 and 52. The
pooling layers can be max pooling layer or a mean pooling layer. Another option is to use convolutional
layers with a stride size greater than 1. Figure 2 also depicts a network with global mean layer 34 and
baich normalization layer 56. Hach of the convolution layver can include multiple internal {eature maps
which can change from layer to layer via subsampling and convolution. The present embodiment is not
Iimited to by number of convolutional layers, pooling layers, fully connected layers, normalization layers,

and sublayers therein.

[0045 ] The methods set {orth herein advantageously vses deep learning to extract information
from stained tissue samples. In general, we show that deep learning is powerful and interpretable it it is
applied on a matrix of expert-defined medium-level features. In the prior art, the deep learning systems
learn medinm-order and high-order relationships directly from low-level features such as the actual RGB
pixel values. In some cases, this approach of learning directly {rom RGB pixel values works well because
neural networks are good at learning spatial relationships between inputs. In cases where there are enough
accurately annotated data, pixel-based deep learning can be a good strategy for building an accuorate
classifier. However, in medicine/pathology, it is difficult to get enough labeled data of sufficient quality.
Moreover, there is a strong desire by physicians to get an intaitive idea of the features that the deep neural
network uses to make a classification of diagnosis, prognosis or theragnosis. 5o instead of traditional

approaches which use the raw pixel inputs, embodiments of the present invention perform a pre-processing
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step that exiracts a sct of medinm-level features that are defined by humans, and can be verificd by hwmans

{e.g. the nuclear morphometric features).

[0046 ] In this regard, a humasn can first confirm that the input (the pre-processed features) fo the
deep neural petwork meets some minimal quality threshold. For instance, a quality control step can be
performed (o make sure the gualily of the input feature moaps ([gure 2, ilem 14) to the deep neural network
is sufficient. This is important because a major potential risk in deep learning is that the neural network
learns relationships that represent artifacts in the data, rather than real biologic changes. After the
preprocessing-siep step is done, a human can perform a quality control check to ensure that the data that
enters the neural network reflects basic biological assumptions. For instance, it is well known that H&E
staining of two consceutive scctions can result in images that fook vastly different on the color spectrum
just by differences in the concentration of dyes used to produce the image. The color variations are an
example of noise and may bias neural networks to perform differently on samples processed in different
laboratories (due to different stains in different laboratories). Extracting a predefined set of features that
are considered robust to common variations in preparation methods such as nuclear morphometry is a way

to normalize and regularize the data that are fed into the deep neural network.

[0047 ] Although it might be suggested that the pre-processing step results in heavy information
loss {e.g., discarded color and texture information), such information loss can be alleviated by adding
additional morphometric features in the pre-processing step. Practically, any feature that can be identified
reproducibly by a pathologist can be cncoded into the described sparse matrix represcatation. Morcover,
it enough morphometric features arve extracted and included in the feature maps, the information content
in the sparse matrix representation should capture a large quantity of the information content present in

the original histopathology image. Thus, this approach does not necessarily lead to a loss of information

compared to using the raw pixel input.

[0048 ] Alternatively, it may be useful to purposefully restrict the types of morphometric features
that are extracted and utilized to understand the predictive value of these features independent of other
‘eatures. For instance, comparing the classification results of a deep neural network trained on nuclear
morphometric features to a deep neural network trained on cytoplasmic and extracellular morphometric

featurcs can provide intuition about which morphometric features arc most predictive of an outcome.
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[0049 ] Another benefit of limiting the input data to a subsct of pre-cxtracted morphometric
features (e.g., nuclear morphological features) instead of the original RGB pixel value images is that it
allowed the deep neural network to learn a function that generalized to the test set with a statistically
significant AUC (Invasive Ductal Carcinoma AUC =0.72, 95%C1=0.55-0.89, n=56; Ductal carcinoma in
situ AUC=0.81, 95%CI=0.70-0.93, n=71). For example, on the same dataset that was tried training on
the raw pixel level, it was found that the neural network over-fit the training set and did not generalize to
the test set. Thus, performing the morphometric pre-processing step might force the deep neural network

to learn biologic relationships rather than spurious relationships.

[0050 ] The neutral networks that are most useful use the following general design paradigm: a
scrics of convolutional layers, which learn hicrarchical spatial rclationships (first lcarn rclationships
between objects close to each other, then relationships between those objects). The outputs of the
convolutions are fed into a fully connected layer (or a fully convolutional layer, which serves a similar
purpose), which learns combinations of spatial relationships and outputs a prediction. Importantly, looking
al any one portion of an image may not be sulficient to make an accurate prediction. It is important (o be
able to combine information from multiple parts of an image to make a classification for the patient. Thus,
a global pooling layer or pooling mechanism which aggregates outputs from multiple portions of the image
is important. Overall, the key elements of the neural network processing used herein include: local
computation to capture spatial relationships of cells/nuclei/extracellular matrix components near each
other. Then more computation to integrate features from larger areas. Finally, a method to combine

information from multiple portions of an image.

[0051 ] As set forth above, the training of the machine learnable device 18 includes a step of
identifying a plurality of extracted features (e.g., morphological features) in each digital image of the
characterized set of digital images. In a refinement, the extracted features are morphological features that
describe shape, texture, and color of cellular and/or sub-cellular components. Morphological features
include nuclear, cytoplasmic, and extracellular (extracellular matrix morphometry descriptors)
morphological features. Examples of such cellular and/or sub-cellular components include, but are not
limited to, individual cells, mitotic figures, cell nucleus, vacuoles in the cytoplasm, extra cellular space,
and nuclcolus. In another rcfincment, the cxtracted fcaturcs include colorimctric fcaturcs within a

structured biologic element. A value for each extracted feature is associated with each spatial location to
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form a sct of cxtracted fcaturc maps. Thercfore, there will be a two-dimensional featurc map for cach
extracted feature used in the present method. For example, if there are 12 extracted features being used,
the digital image of a tissue sample being analyzed will have 12 associated feature maps. Each extracted
feature map provides feature values for a extracted feature at each point of associated two-dimensional
grid of spatial locations. It should be appreciated that these feature values can be a single number, a vector
or amatrix. The set of extracted feature maps (i.e., the feature values with associated position coordinates)
is inputted to the machine learnable device to form associations therein between the set of extracted feature

maps and the known status for the diagnostic feature to form a trained machine learnable device.

[0052 ] The machine learnable device 18 having been trained in this manner can now be used to
make predictions regarding tissuc samples with an unknown status for the diagnostic fcaturc. In particular,
a status for the diagnostic feature of a stained tissue sample of unknown status for the diagnostic feature
is predicted as follows. A sample digital image for the stained tissue sample is obtained. As set forth
above, the digital image has an associated 2-dimensional grid of spatial locations. A feature value for each
extracted [eature is associated with each spatial location of the digital image (o form a test set of extracted
feature maps for the stained tissue sample of unknown status. The test set of extracted feature maps is

inputted to obtain a predicted status for the status of the diagnostic feature for the stained tissue sample.

[0053 ] As set forth above, the methods of the invention predict the status of a diagnostic
feature. Typically, this status of the diagnostic feature will be the presence or absence of a
biomarker. In one variation, the stained tissue sample is a putative breast cancer sample with the
biomarker being selected from ER, HERZ, PR, Ki67, and cytokeratin markers. Advantageously, the
biomarker can be ER which alone can be used to determine specific treatments (e.g., hormonal
therapy). In another refinement, the biomarkers ER, PR, and HERZ are prognostic. For example,
patients with ER+ PR+ HERZ- have the best outcomes, followed by patients with ER+ PR- with
patient having ER-PR- having the worst prognosis. All three markers (i.e., ER, PR, HER2) can be used
to clarify the cancer and make determinations for treatment. In still other refinements, the
biomarker can be E-cadherin and/or PIK3CA with the predicted status being used to differentiate

between subtypes of breast cancer (e.g., ductal and lobular carcinoma in situ).
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[0054 ] In another variation, the stained tissue sample is a putative cancer (e.g. lung cancer)
sample. In this variation, the biomarker can be EGFR, KRAS, c-Met, MET, and ALK. In this regard, Alk
rearrangements are theragnostic with specific treatments being known for patients with ALK

rearrangements.

[0055 ] In still other variations, the biomarker can be selected from the group consisting of

p53 (multiple cancers), Bcl-2 (leukemia), and c-Myc (lymphoma).

[0056 ] As set forth above, a plurality of extracted features, and in particular, a plurality of
morphological features is used to characterize each digital image. In this regard, features describing
the shape, texture, and color of sub-nuclear components of a cell are important. Examples of such
cellular and/or sub-cellular components include, but are not limited to, individual cells, mitotic
figures cell nucleus, vacuoles in the cytoplasm, extra cellular space, and nucleolus. These structures
are visible on H&E images and can be quantified by shape and color intensity much like the nucleus.
Examples of the morphological features that can be used to characterize these components include,
but are not limited to, one or more features selected from the group consisting of area, perimeter,
circumference, fractal dimension, Zernike moments, mitotic figure, and combinations thereof. In
some circumstances, it may be useful to approximate the cellular and/or subcellular components
by an ellipse. When such an approximation is made, the morphological features may include one or
more features selected from the group consisting of ellipse area, ellipse major axis length, ellipse

minor angle length, ellipse angle from horizontal, and combinations thereof.

[0057 ] In another variation, the plurality of extracted features includes color parameters. In
particular, color information may be used to quantify cellular and subcellular components. These
features are calculated from color channels (either RGB channels or a transformation of these
channels (e.g. after color deconvolution)). For example, color related features may include: the
mean and variance in color channels throughout the nucleus; the mean and variance in color
channels within a radius (e.g. 2 um) about the nucleus (this is a way to quantify the cytoplasm); the
mean and variance in color channels outside cells and throughout the stroma. The difference

between using the colorimetric parameters in the present variation and using RGB pixels is the
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colorimetric parameters describe the colors within a structured biologic element (“cells” or within

“nuclei”). They are not raw color pixels of an image.

[0058 ] In still other variations, the identification of extracted features can include a higher-
level classification step which may also lead to useful features for machine learning. For example, a
useful feature might be the categorical classification of nuclear cell type: epithelial, fibroblast,

lymphocytic, myocontractive, and the like.

[0059 ] In still other variations, the extracted features can also include the spatial
neighborhood of nuclei and cells. Examples of such features include the number of neighbors within
a given radius that satisfy some criteria (e.g. nearest neighbors within 50 micrometers that have a
radius > 5 micrometers) and the number of white pixels within a radius. It should be appreciated
that white pixels may result from various phenomena, such as artifact during tissue processing, fat
cells, or spaces between extracellular matrix proteins. Therefore, white pixel quantification

contains a wealth of important information about the architecture of a tissue.

[0060 ] In yet another variation of the methods set forth above, further includes steps of
determining treatment for a subject from the subjects’ predicted status for the status of the
diagnostic feature and then treating the subject. Treatment of cancer patients is dependent on the
biology of the cancer. The premise of the current invention is that the biology is described in the
tissue morphology. Thus, the tissue morphology as assessed by the machine learning methods, can
be used as a theragnostic agent in cancer patients to help chose appropriate treatment. An example
would be to segregate hormone receptor positive breast cancer patients by morphology using
Al/MI, which would then predict outcome to hormone receptor targeted therapy. A logical
extension would be to correlate with clinical outcome to targeted therapy (i.e., duration of response
and other parameters) that are not associated just with hormone receptor positivity (but may be
correlated to associated morphology). In a refinement, the subject can be treated with an
appropriate chemotherapeutic agent specific to (i.e., known for the treatment of) the identified

status of the diagnostic feature.
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[0061 ] The following examples illustrate the various embodiments of the presentinvention.
Those skilled in the art will recognize many variations that are within the spirit of the present

invention and scope of the claims.
[0062 ] Nuclear morphometric features predict ER status in IDC tissue

[0063 ] Publicly available H&E images and corresponding clinical ER status
(positive /negative, determined by IHC) were obtained for 131 invasive ductal carcinoma (IDC)
patients on a tissue microarray!l. After segmenting nuclei and applying a quality control step to
exclude over-segmented images (Figure 8), the images were randomized into a training set (“IDC-
Train”, 57 patients) and a test set (“IDC-Test”, 56 patients). Nuclear morphometric features (shape
and orientation) were extracted from each nucleus in the training set. These measurements were
fed into a deep convolutional neural network (DNN]) to learn spatial patterns that correlate to ER
positive or ER negative status. The DNN was designed to produce a spatial heatmap of ER-positive
or negative status. When an input image is fed into the DNN, the output is a heatmap of predictions
where intense regions correspond to ER-negative status. The overall ER-status prediction for a

patient is the average value of the heatmap.

[0064 ] After training the neural network, the pipeline was evaluated on the test set and
measured area under the curve (AUC) scores of 0.70 (95%CI=0.56-0.85) and 0.72 (95%CI=0.55-
0.89) on the IDC-Train and IDC-Test datasets, respectively (Figure 3). This result suggests that the
pipeline indeed learned to predict ER status from H&E images. Moreover, the similarity between
the AUC scores on the training and test sets suggests that the pipeline learned a classification

function that generalizes well and does not over fit the training data.
[0065 ] Trained neural network can also predict ER status in ductal carcinoma in situ

[0066 ] Studies suggest that ER status may be an important marker for subtypes of DCIS with
different outcomes15,16. To characterize how the patterns learned by the network generalize
across subtypes of breast disease, a second publicly-available and previously published dataset

(“DCIS-Test”)12 consisting of H&E images from patients with ductal carcinoma in situ was obtained.
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[0067 ] Following the segmentation and quality control steps, the previously trained network
was on images from 71 patients with ductal carcinoma in situ and obtained a statistically significant
AUC score of 0.81 (95%CI 0.70-0.93, Figure 3). Together, these findings suggest that the pipeline
learned patterns that correlate with ER in both IDC and DCIS

[0068 ] A correlation between nuclear size, heterogeneity, and ER status

[0069 ] While deep networks are typically considered to be uninterpretable “black boxes,”
several techniques were applied to reverse-engineer the system and understand the morphometric
patterns the DNN used to classify ER status. The first step was to visualize the heatmap the DNN
learned to predict. This analysis is similar to laying an IHC image over an H&E image; however,
while an IHC image shows the real protein expression, the DNN heatmap shows regions estimated
by the DNN to be ER positive or negative. Because the DNN was trained to predict an accurate
patient-level classification (not the spatial pattern of ER-staining), the regions predicted on the
heatmap may be different from regions predicted by IHC. However, regions on the DNN heatmap
contain information that leads to an accurate ER+/- prediction, and are thus diagnostic regions for

ER-assessment.

[0070] For this analysis, several cases were selected that were classified correctly and
overlaid the predicted heatmaps on the H&E image to form a “digital stain” where ER-negative
regions are enclosed by a dotted line and ER-positive regions are uncolored (Figure 4). By visual
inspection, it was observed that a subset of epithelial areas was predicted ER-negative. Thus, it

appears that features in epithelial regions are used by the DNN to classify ER status.

[0071 ] Next, the DNN was used to gain intuition about the specific nuclear features linked to
the ER prediction. The training images are divided into small image patches (100 x 100 pixels, 200
x 200 pm, approximately 104 total). The ER score for each patch was predicted and sorted the
patches by prediction from ER positive to ER negative. Looking only at the extremes (patches most
strongly predicted to be ER positive or ER negative), a difference in nuclear size and the variation

in nuclear features was noted (exemplary patches in Figure 5A).
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[0072] It is hypothesized that the pipeline learned to predict ER status as a function of
nuclear size and pleiomorphism. To formally investigate this pattern, the sorted list of patches was
dived into 15 groups ranked by predicted ER score. For each patch, the mean value of each nuclear
feature (intra-patch mean) and the variance of the feature (intra-patch variance) was calculated.
The inter-patch mean and standard error across all patches in the group was also calculated (Figure
5B). This revealed that several nuclear morphometric quantities, such as mean height, width, area
and perimeter were elevated in patches classified as ER negative. Additionally, nuclear

heterogeneity (variance of nuclear features) is correlated to an ER negative prediction.

[0073] Based on these observations, it was directly tested if the mean and variance of nuclear
featuresin a patch could predict ER status. 5000 patches were randomly from the IDC-Train dataset,
calculated the intra-patch means and variances of nuclei within each patch and trained a logistic
regression model on these features. Next, the trained logistic regression model was applied to full-
sized images in the IDC-Test dataset. Each image was divided into equally-spaced non-overlapping
patches, calculated an ER score for each patch, and averaged the ER score from all patches in each
test image. On the IDC-Train dataset, an AUC of 0.648 (95% CI: 0.498-0.799) was obtained. On the
IDC-Test dataset, an AUC of 0.6715 (95% CI: 0.494-0.850) was obtained. While these linear
classifiers are less accurate than the DNN, the trend suggests that these features capture
information about ER status. Analyzing a DNN trained on expert-defined features helped us

interpret the DNN in terms of biological relationships.

[0074] Together, these findings suggest that nuclear morphometric features can be used to
predict the presence of the estrogen receptor. A neural network trained on IDC images predicted
ER status on a held-out IDC dataset (IDC-Test) and an external DCIS dataset (DCIS-Test). Further
analysis of the trained neural network suggests a biological difference between ER positive and

negative tissue: large, pleomorphic nuclei seem to be correlated with an ER negative prediction.
[0075 ] Discussion

[0076 ] Embodiments herein aim to determine whether tissue morphology reflects the

biologic state of hormone receptor signaling pathways in breast cancer samples. Using deep
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learning and labeled tissue images, a learning pipeline to correlate patterns of nuclei to ER status
was trained, based on IHC staining as the reference. Analysis of the trained model revealed that the
morphometric-biologic correlation is dependent on the association of large pleomorphic nuclei with
ER negative tumors. This is the first work to use deep learning to identify, correlate, and explain
how a morphologic pattern in a pathology image correlates to signaling pathways reflecting the
underlying molecular biology of a cancer. Future studies will correlate to clinical responsiveness to

ER pathway therapeutics.

[0077 ] A core factor in this work was the development of a hybrid machine-learning
approach that combined expert-defined local features with the powerful feature-learning
framework of convolutional neural networks. While convolutional neural networks can learn high-
order features from the raw image data, training these models typically requires thousands to
millions of training images to minimize the impact of noise and color variations. Limited by the
quantity of annotated training images, variations of the invention introduced a pre-processing step
to extract nuclear morphometric data and developed a novel method for deep learning on these
features instead of the raw RGB image pixels, which may be subject to H&E staining variation.
Preprocessing effectively compressed each training image into a vector of morphometric data.
While this constrains the types of features the neural network could learn, it also prevents it from
learning spurious correlations between nonsensical variables (e.g., staining variation). Thus, it is
believed believe using expert-defined features as input allowed the network to learn patterns that

generalized well between the training and test datasets and between IDC and DCIS images.

[0078 ] The network’s performance on the DCIS dataset was intriguing. While the network
was trained on IDC images, the high accuracy on DCIS images may be explained by a several factors.
Biologically, it has been noted that there are morphometric similarities between DCIS and IDC17,
thus patterns learned on IDC may apply to DCIS. Another explanation is that the co-occurrence of
DCIS and IDC in some of the IDC training images allowed the network to learn patterns for DCIS and
IDC simultaneously. An alternative explanation is that the higher accuracy on the DCIS dataset was
due to the method of dataset preparation. Images in the DCIS dataset were carefully chosen by
pathologists and contain little stroma relative to epithelial tissue. On the other hand, images in the

IDC datasets were obtained from a commercial tissue microarray supplier. These cores are large,
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diverse (containing a mixture of stromal and epithelial tissue), and noisy (exhibiting varying
degrees of staining artifact). Thus, biologic or region-selection factors may explain the accuracy on

the DCIS dataset.

[0079] The promise of machine learning lies in its ability to learn novel, independent
patterns that can stratify patients and lead to better clinical decisions. While previous works in
digital pathology have suggested that H&E images contain a wealth of information that is currently
underused in the diagnostic process, variations of the invention demonstrate that the information
contained in the shapes and arrangements of the nuclei contain information thatis correlated to the
molecular biology of breast cancer. While this pipeline can be adapted and scaled to classify other
subtypes of breast cancer, breast cancer markers, molecular phenotypes13 (luminal A, luminal B,
HERZ, basal), etc, the power of the inventive approach lies in the ability to extract biological insights
from the neural network. The hybrid system is not a “black-box” learning system. It learns high-
order features based on lower-order, human-defined features that can be reverse-engineered to
gain intution about biology. In embodiments of the present invention, digital staining and patch

analysis was used to learn the correlation between large pleomorphic nuclei with ER negative

tumors.
[0080 ] Method
[0081 ] It is hypothesized that the combination of (1) spatial arrangement of cells combined

with (2) nuclear morphometric properties would capture important information about the
underlying molecular biology of breast cancer and provide clinically useful predictions. Thus, a
learning pipeline was constructed to classify cancers by molecular markers. Here, this hypothesis
was tested on the pathological classification of a tumor as ER+ or ER-. The method comprises five
steps: (1) data acquisition, (2) image pre-processing, (3) quality control, (4) designing and training

the neural network, and (5) testing the neural network.
[0082 ] Step 1: Data acquisition

[0083 ] Dataset 1: IDC
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[0084 ] The first set of acquired H&E images were from the website of the tissue microarray
supplier, US Biomax, Inc. (Derwood, MD 20855). As a service to customers, US Biomax, Inc. provides
JPEG-compressed H&E images of many tissue microarrays along with immunohistochemistry (IHC)
staining information, such as ER receptor status. With permission from US Biomax, Inc., the array
titled “HBre-Duc140Sur-01” (www.biomax.us/tissue-arrays/Breast/HBre-Duc140Sur-01) was
used, which contains 140 tissue cores (1.5mm diameter) from 140 patients diagnosed with invasive
ductal carcinoma. This particular microarray was chosen because the H&E images displayed
minimal staining artifacts and included molecular marker staining status. To collect the data, the
digital slide viewer was used on the US Biomax, Inc. website, zoomed in to 20x resolution (0.5 um
per pixel) with screenshots taken of each core. These images were correlated to ER status (from the
US Biomax, Inc. website), and then fed into the pre-processing pipeline. Following a quality control
step (described below), 113 tissue cores remained, with one core per patient. These patients were

randomly divided into the “Biomax training” (n=57) and “Biomax test” (n=56) datasets.
[0085 ] Dataset 2: DCIS

[0086 ] A second dataset (called “DCIS”) consisting of H&E images with ER status for patients
with ductal carcinoma in situ was used. The DCIS datasetis a subset of a publicly available dataset12
that contains 327 H&E images for 167 patients with either ductal carcinoma in situ or usual ductal
hyperplasia (UDH). ER status was not available for patients with UDH. Out of the patients with
ductal carcinoma in situ, ER status was available for 84 patients. Out of these 84 patients, 71 patients
passed the quality control step (described below) and were included in the DCIS dataset. The
original image resolution in the DCIS datasetis 40x (0.25 pm per pixel). These images were rescaled
to be the same resolution as the Biomax dataset (0.5 um per pixel) using bicubic sampling before
subsequent processing steps. The DCIS dataset was used as an external validation dataset. Table 1

summarizes the IDC and DCIS datasets.
[0087 ] Step 2: Image pre-processing

[0088 ] A fully automated nuclear segmentation pipeline using Python (version 2.7.12) and

Fiji18 (version 1.0, a distribution of Image]19) was. The steps consist of the following:
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[0089 ] Scale images as necessary to a resolution 0.5 um per pixel, using bicubic interpolation.

[0090 ] Transform the RGB image into hue, saturation, brightness channels, retaining only the

brightness channel for downstream analysis.
[0091 ] Apply an automatic, global Otsu threshold20 to roughly identify cellular regions

[0092 ] Apply a local adaptive threshold with a radius of 20 pixels (10 pum) to provide fine-

scale local separation of nuclei.
[0093 ] Use the built-in Fiji watershed transform to separate overlapping nuclei.

[0094 ] Calculate the following morphometric parameters for each detected nucleus using the
particle analysis functions in Image]: center of nucleus (X, y coordinates), major axis length, minor

axis length, major axis to minor axis ratio, area, perimeter, and circularity.

[0095 ] Convert data into a MultiCellDS digital tissue snapshot (a standardized XML

representation for spatial multicellular data)21 for storage.

[0096 ] The pre-processing image scripts are available in the supplementary materials.
[0097 ] Step 3: Quality Control
[0098 ] A label-blind quality control step was performed in which 200 x 200 pixel patches

were extracted from each H&E image and overlaid with ellipses representing the extracted nuclei.
Visually, RR assigned a Boolean value (0 or 1) to each image corresponding to whether the image
appeared well segmented (defined as greater than 70% concordant, Supplemental Figure 3).
Patients with unknown ER status were excluded from the analysis. As a result of the quality control
step, 113 out of 140 cases were used from the IDC dataset and 71 out of 84 ductal carcinoma in situ

cases for the DCIS dataset.

[0099 ] Step 4: Designing and Training the Neural Network
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[00100] Each MultiCellDS digital tissue snapshot was converted into a sparse 12 channel
image (Figure 6), consisting of zeros everywhere except at the cell centers, which contain
information about the nuclei. The first six channels correspond to cellular shape features (major
axis, minor axis, major: minor ratio, area, perimeter, circularity). In addition, 6 “binary angle”
features from the nuclear angle measurement were constructed, leading to a total of 12 feature
channels; if the major axis of cell i has an angle 0i (0 < 0i < 180) with the positive x-axis, six

orientation features i, j (1 <j < 6) are defined by

[00101 ] @ij=1 if 30 x (j-1) <0_i <30 xj
[00102 ] @i,j=0 otherwise.
[00103 ] The rationale for constructing binary features relates to the training process for the

neural network. It was desirable that the network learn rotationally invariant features, which are
robustto flips and rotations (in the spatial image coordinates) of the 12-D image. Using binary angle
channels allowed us to flip or rotate the image while keeping the cell angle information properly

oriented.

[00104 ] The final step before training involved downscaling the sparse images 4x via nearest-
neighbor scaling to reduce downstream computation. Thus, the DNN sees cell features at a
resolution of 2 um per pixel. Following down sampling, cells positioned at physical coordinates (x1,

y1), are positioned at matrix indices (x2, y2) such that:
[00105] x2 = floor(x1/4)
[00106 ] y2 = floor(y1/4)
[00107 ] Network Design

[00108 ] The overall structure of the neural network was inspired by previous work applying
deep learning to image segmentation22 and high-content screening23. The network of the present
example has approximately 4.6 x 105 parameters arranged in six fully convolutional layers, 5 max

pooling layers, one global mean layer, and one batch-normalization layer (Figure 7). Through cross-

22



WO 2018/165103 PCT/US2018/021060

validation on the training set, it was to use leaky rectifying linear neurons with cross-entropy loss.
Importantly, it was that using a batch normalization layer24 was necessary for convergence. Over
one batch of training data, a batch normalization layer produces outputs with zero mean and unit
variance. In training, this leads to a well-distributed set of output predictions, which accelerates the
learning process. In addition, a dropout layer was used, which randomly eliminates 50% of the
neurons during each round of training to prevent co-adaptation of neurons (a form of over-

fitting)25.

[00109] Using a global mean layer gives us the option of training the network on images of
arbitrary size. However, training was performed on small patches extracted from sparse images to
increase the relative size of the training set. Thus, during the training process, small patches (100 x
100 pixels, 200 x 200 um) were randomly extracted from the downscaled feature maps (approx.
750 x 750 pixels, 1500 x 1500 pm) and assigned them the same class as the overall image. At
runtime, these patches were randomly flipped and rotated (in multiples of 90 degrees) to augment
the dataset and promote the learning of rotationally invariant features. Theoretically, the
augmented training set consists of 108 different patches; however only a subset of these images

was actually used to train the network.

[00110] Each layer in the neural network combines features from the previous layer, and
deeper layers can learn higher order features. The model uses a fully convolutional architecture,
which means that it can process images of arbitrary size, producing output in the form of a spatial
map that scales with the size of the input image22. Thus, the final classification layer produces a
spatial map for ER score over the image, and the average prediction over the map is treated as the

score for the image.

[00111] All experiments were conducted on an Nvidia K80 GPU using the Deep Learning

libraries Theano26 and Lasagne27.
[00112] Network Training

[00113 ] 113 patients from the IDC dataset were randomly into training (n = 57) and test (n =

56) datasets. From the training set, 20% data was held out for cross validation during the training
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process. From the training set, small patches (100 x 100 pixels, 200 x 200 pm) were subsampled
and trained the network using image-level labels (ER+, ER-) for the patches and a cross-entropy loss
function. After approximately 450 epochs (corresponding to training on approx. 7 x 104 individual
patches), the training loss began to plateau (Figure 9). The loss had plateaued by epoch 825, so the
held-out cross-validation data was added back in and trained the net for approximately 1000

epochs to maximize accuracy on the entire training dataset.
[00114 ] Step 5: Testing the Neural Network

[00115] Following training, all parameters and weights in the neural network were fixed. Full
sized images were classified and the predictions were stored in a text file for analysis. The test sets

were held out during training and were only evaluated after the network had been trained.
[00116] Data availability

[00117 ] The nuclear segmentations that were used to train the neural network are freely
available under the Creative Commons CC-BY 4.0 license as MultiCellDS digital snapshots, included
here as supplementary dataZ 1. In addition, the raw H&E images used to generate cell segmentations
available from the website of Biomax.us (IDC, www.biomax.us/tissue-arrays/Breast/HBre-

Duc140Sur-01), or the Dryad Digital Repository28 (DCIS Dataset).

[00118] While exemplary embodiments are described above, it is not intended that these
embodiments describe all possible forms of the invention. Rather, the words used in the
specification are words of description rather than limitation, and it is understood that various
changes may be made without departing from d spirit and scope of the invention. Additionally, the
features of various implementing embodiments may be combined to form further embodiments of

the invention.
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WHAT IS CLAIMED IS:

1. A method comprising:

a) training an untrained machine learnable device to predict status of a diagnostic,
prognostic, or theragnostic feature in stained tissue samples, the untrained machine learnable device
being trained with a characterized set of digital images of stained tissue samples, each digital image of
the characterized set having a known status for the diagnostic, prognostic, or theragnostic feature and an
associated 2-dimensional grid of spatial locations, training of the untrained machine learnable device
including steps of:

identifying a plurality of cxtracted features in cach digital image of the characterized sct of
digital images;

associating a value for each extracted feature with each spatial location to form a set of feature
maps, each extracted feature map providing values for a extracted feature over the associated 2-
dimensional grid of spatial locations; and

inputting the set of extracted feature maps to the untrained machine learnable device to form
associations therein between the set of extracted feature maps and the known status for the diagnostic,
prognostic, or theragnostic feature thereby creating a trained machine learnable device; and

b) predicting a status for the diagnostic, prognostic, or theragnostic feature of a stained tissue
sample of unknown status for the diagnostic feature by:

obtaining a sample digital image for the stained tissue sample, the digital image having an
associated 2-dimensional grid of spatial locations;

associating a value [or each extracted [eature with each spatial location of the digital image (o
form a test set of extracted feature maps for the stained tissue sample of unknown status; and

inputting the test set of extracted feature maps to the trained machine learnable device to obtain a
predicted status for the status of the diagnostic, prognostic, or theragnostic feature for the stained tissue

sample.

2. The method of claim 1 wherein the extracted features include morphological features.
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3. The method of claim 2 wherein the morphological features describe shape, texture, and

color of cellular and/or sub-cellular components.

4. The method of claim 3 wherein the cellular and/or sub-cellular components include
individual cells, mitotic figures, cell nucleus, vacuoles in the cytoplasm, extra cellular space, and

nucleolus.

5. The method of claim 1 wherein the extracted features include colorimetric features and
using RGB pixels is that these are “features” that describe the colors within a structured biologic

element.,

6. The method of claim 1 wherein the untrained machine learnable device is a computer

executing instructions for a neural network.

7. The method of claim 1 wherein the untrained machine learnable device is a computer

executing instructions for a convolutional neural network.

3. The method of claim 7 wherein the convolutional neural network includes a plurality of

convolutional laycrs and a plurality of pooling layers.

9. The method of claim 8 wherein the convolutional neural network further includes a global

mean layer and a batch-normalization layer.

10. The method of claim 1 further comprising determining treatment for a subject from a

subjects’ predicted status for the status of the diagnostic feature and then treating the subject.

11. The method of claim 10 wherein the subject is treated with a chemotherapeutic agent.

12. The method of claim 1 wherein the diagnostic feature, prognostic, or theragnostic is

presence or absence ol a biomarker.
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13.  The method of claim 12 wherein the stained tissue sample is a putative breast cancer sample.

14. The method of claim 13 wherein the biomarker is selected from ER, HER2, PR, Ki67, and

cytokeratin markers

15. The method of claim 14 wherein the biomarker is ER with the predicted status being used

to determine specific treatments.

16. The method of claim 12 wherein the biomarker is ER, PR, and HER2 with the predicted

status indicating prognosis.

17. The method of claim 12 wherein the biomarker is E-cadherin and PIK3CA with the

predicted status being used to differentiate between subtypes of breast cancer.

18. The method of claim 12 wherein the stained tissue sample is a putative cancer sample.

19. The method of claim 12 wherein the stained tissue sample is a putative lung cancer sample.

20. The method of claim 12 wherein the biomarker is EGFR, KRAS, c-Met, MET, and ALK.

21. The method of claim 12 wherein the biomarker is selected [rom the group consisting of

p33, Bel-2, and c-Myc.

22. The method of claim 1 wherein the plurality of extracted features includes parameters for

quantifying shapes of cellular and/or sub-cellular components.

23. The method of claim 22 wherein the cellular and/or sub-cellular components include

individual cells, cell nucleus, vacuoles, extra cellular space, and nucleolus,
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24. The method of claim 22 wherein the extracted fecaturcs include onc or more featurcs
selected from the group consisting of area, perimeter, circumference, fractal dimension, Zernike

moments, mitotic figure, and combinations thereof.

25. The method of claim 22 wherein the cellular and/or subcellular components are

approximated by an ellipse.

26. The method of claim 22 wherein the extracted features include one or more features
selected from the group consisting of ellipse area, ellipse major axis length, ellipse minor angle length,

cllipsc angle from horizontal

27.  The method of claim 1 wherein the plurality of extracted features includes color parameters.

28. A method comprising:

a) predicting a status for the diagnostic, prognostic, or theragnostic feature of a stained
tissue sample of unknown status for the diagnostic feature by:

obtaining a sample digital image for the stained tissue sample, the digital image having an
associated 2-dimensional grid of spatial locations;

associating a value for each extracted feature with each spatial location of the digital image to
form a test set of extracted feature maps for the stained tissue sample of unknown status; and

inputting the test set of extracted feature maps into a trained machine learnable device to obtain a

predicted status for the status of the diagnostic [eature [or the stained tissue sample.

29. The method of claim 28 wherein the trained machine learnable device is formed by
training an untrained machine learnable device to predict status of a diagnostic, prognostic, or
theragnostic feature in stained tissue samples, the untrained machine learnable device being trained with
a characterized sct of digital images of staincd tissuc samplces, cach digital image of the characterized sct
having a known status for the diagnostic feature and an associated 2-dimensional grid of spatial

locations, training of the untrained machine learnable device including steps of:
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identifying a plurality of cxtracted features in cach digital image of the characterized sct of
digital images;

associating a value for each extracted feature with each spatial location to form a set of extracted
feature maps, each extracted feature map providing values for a extracted feature over the associated 2-
dimensional grid of spatial locations; and

inputting the set of extracted feature maps to the untrained machine learnable device to form
associations therein between the set of extracted feature maps and the known status for the diagnostic

feature to form a trained machine learnable device.

29. A traincd machinc lcarnable device formed by training an untraincd machinc lcarnable
device to predict status of a diagnostic feature in stained tissue samples, the untrained machine learnable
device being trained with a characterized set of digital images of stained tissue samples, each digital
image of the characterized set having a known status for the diagnostic feature and an associated 2-
dimensional grid of spatial locations, training of the untrained machine learnable device including steps
of:

identifying a plurality of extracted features in each digital image of the characterized set of
digital images;

associating a value for each extracted feature with each spatial location to form a set of extracted
feature maps, each extracted feature map providing values for a extracted feature over the associated 2-
dimensional grid of spatial locations; and

inputting the set of extracted feature maps to the untrained machine learnable device to form
associations therein between the set of extracted [eature maps and the known status [or the diagnostic

feature thereby creating a trained machine learnable device.
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incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiners responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing out
typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the conclusion of
the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address either with or prior
to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other circumstances dictate, the
Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

- Application Number (Series Code and Serial Number)

- Name of applicant

- Name of examiner

- Date of interview

- Type of interview (telephonic, video-conference, or personal)

- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

- An indication whether or not an exhibit was shown or a demonstration conducted

- An identification of the specific prior art discussed

- Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

Itis desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview unless
it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the substance of the
interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted.,-
) an identification of the claims discussed,
) an identification of the specific prior art discussed,
) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on
the Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,
(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)
6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed
by the examiner.

Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and accurate,

the examiner will give the applicant an extendable one month time period to correct the record.

2
3
4

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the statement
attributed to him or her. If the record is complete and accurate, the examiner should place the indication, Interview Record OK on the paper recording
the substance of the interview along with the date and the examiners initials.
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from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
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statement. See 37 CFR 1.97(e){(2).
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Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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REMARKS

Applicant has not dedicated or abandoned any unclaimed subject matter and
has not acquiesced to any rejections made by the U.S. Patent and Trademark Office.
Applicant reserves the right to pursue prosecution of any presently excluded claim

embodiments in future continuation and/or divisional applications.

This paper is filed in response to the Official Action dated June 24, 2020, in
which claims 1-20 are pending and:

(i) claims 1, 2, 4, 6, and 8 stand rejected under 35 U.S.C. §§ 102(a)(1) and
102(a)(2) as anticipated by U.S. Publication No. 2016/0063724 (“Tunstall et al.”),

(i) claims 3, 7, 11-14, and 16 stand rejected as obvious under 35 U.S.C. § 103
based on Tunstall et al.,

(iiy claim 5 stands rejected as obvious under 35 U.S.C. § 103 based on a
suggested combination of Tunstall et al. in view of a “Recurrent Multiresolution
Convolutional Networks for VHR Image Classification” (“Bargado”),

(iv) claims 9 and 10 stand rejected as obvious under 35 U.S.C. § 103 based on
a suggested combination of Tunstall et al. in view of U.S. Publication No.
2014/0140607 (“Erjefalt’),

(v) claim 15 stands rejected as obvious under 35 U.S.C. § 103 based on a
suggested combination of Tunstall et al. in view of U.S. Publication No.
2018/0137394 (*Wenzer'),

(vi) claims 17 and 18 stand rejected as obvious under 35 U.S.C. § 103 based on
a suggested combination of Tunstall et al. in view of U.S. Publication No.
2007/0216909 (“Everetl’), and

(vi) claims 19 and 20 stand rejected as obvious under 35 U.5.C. § 103 based on
a suggested combination of Tunstall et al. in view of U.S. Publication No.
2020/0105417 (*Dolar’).
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Above, Applicant has amended claims 1 and 11 and canceled claims 4-10.
Dependent claims 21-25 have been added. The amendments are supported by the
application, as filed. For example, support can be found at paras. [0058] et seq., [0109] et
seq., [0116]-[0117], and [0171] - [0173], as well as in the claims as originally filed. No new
matter has been added.

Claims 1-3 and 11-25 are pending after amendment.

L Telephonic Interview & Claim Amendmenis

Applicant’s representatives appreciate Examiner Varndell’s time in conducting
the October 14, 2020 telephonic interview, in which claim 1 was discussed. As indicated in
the October 20, 2020 Applicant-Initiated Interview Summary, Applicant’s representatives
discussed inventive features described in the application in various locations, including in
reference to the example illustrated in FIG. 5B. In particular, it was discussed the ability to
classify tissue in a tile by examining not only features within the tile, but also features outside
that tile, such as structural tissue features that are typically larger than a tile itself. The
ability to look for features within each tile and features in surrounding areas results in a more
accurate classification of the tissue within each tile and therefore a more accurate digital
overlay, none of which is taught by the primary reference Tunstall et al.

In line with the discussion, above Applicant has amended independent claim
1 to recite further features, in particular:

separating the digital image into a plurality of tiles, each tile of
the plurality of tiles containing a respective portion of the digital
image of the slide;

and for each tile of the plurality of tiles,

identifying features of the tile;

identifying structural tissue features of a second portion of the
digital image of the slide including at least part of one or more
other tiles of the plurality of tiles, wherein the second portion is
larger than the respective portion of the digital image contained
in the tile; and

identifying the majority class of tissue visible within the tile
based at least in part on the features of the tile and the
structural tissue features of the second portion of the digital
image of the slide.



Application No. 16/732,242 Docket No.: 32830/58872A
Amendment dated November 24, 2020
Reply to Office Action of July 24, 2020

Support for these amendments is found within the application, as filed, and at least at paras.
[0058] et seq., [0109] et seq., [0116]-[0117], and [0171] - [0173]. Applicant has amended
independent claim 11 in a similar manner.

I1. 35 U.S.C. §§ 102 & 103 Rejections

Claim 1 stands rejected as anticipated, under 35 U.5.C. § 102, by Tunstall et
al. Applicant respectfully traverses, in light of the foregoing amendments.

In the Official Action, Figure 3, para. [0033], paras. [0036]-[0038], and para.
[0042] of Tunstall et al. are cited as purportedly teaching “separating the digital image into a
plurality of tiles” and “identifying the majority class of tissue visible within each tile.” Official
Action at page 3. These sections of Tunstall et al. simply describe partitioning an image into
tiles, determining image components within the tile, and concatenating these components to
provide a feature vector for the tile, from which a classification of the tile is performed (see,
[0034]-[0042]). Tunstall et al. nowhere teaches or suggests “identifying features of the tile”
and further:

identifying structural tissue features of a second portion of the

digital image of the slide including at least part of one or more

other tiles of the plurality of tiles, wherein the second portion is

larger than the respective portion of the digital image contained
in the tile, and

identifying the majority class of tissue visible within the tile
based at least in part on the features of the tile and the
structural tissue features of the second portion of the digital
image of the slide,

as set forth in amended claim 1.

Tunstall et al. does not teach or suggest each and every element of amended
claim 1. For this reason alone, the rejection of claim 1 as anticipated by Tunstall et al. is

traversed, and claim 1 is in condition for allowance.

Moreover, looking at the remaining cited references, Applicant notes that

none overcome the deficiencies of Tunstall et al.

Bergado is cited in this rejection for teaching a multiresolution convolutional
network to perform classification on digital images. Official Action at page 7 (citing to
Bergado at page 4 discussing FuseNet for classification and map regularization). As such,
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Bergado does not cure the deficiencies of Tunstall et al. discussed above, namely the
aforementioned features of claim 1.

Erjefalt is cited in this rejection for teaching the inclusion of lymphocyte cells
and not lymphocyte cells. Official Action at page 10 (citing Erjefait at para. [0190] describing
a dropdown box for selecting between different alternatives such as B lymphocytes and
group of a plurality of cell types). As such, Erjefalt does not cure the deficiencies of Tunstall
et al.

Wenzel is cited in this rejection for teaching displaying a plurality of tiles and
the predicted class for each tile that does not correspond to a cell object. Official Action at
page 15. As such, Wenzel does not cure the deficiencies of Tunstall et al.

Everett is cited in this rejection for teaching a digital overlay drawing including
a generated version of the digital image and selectively displaying one of a plurality of digital
overlay drawings. Official Action at pages 17 & 18. As such, Everett does not cure the
deficiencies of Tunstall et al.

Dolan is cited in this rejection for teaching the digital overlay drawing
comprises percentages corresponding to the digital image. Official Action at page 19. As
such, Dolan does not cure the deficiencies of Tunstall et al.

As neither Tunstall et al. nor any combination thereof with the art of record
can be fairly described as teaching the recited subject matter, the rejection of claim 1 is
traversed. Claim 1 and dependent claims 2, 3, 24, and 25 are in condition for immediate

allowance.

Likewise, for at least the reasons detailed above, the rejection of amended
independent claim 11 is traversed. Claim 11 is in condition for immediate allowance, as are
claims 12-23 depending therefrom.

I//A Conclusion

It is believed that all of the stated grounds of rejection have been properly
traversed, accommodated, or rendered moot. Applicant therefore respectfully requests that
the Examiner reconsider and withdraw all presently outstanding rejections and objections. It

8
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is believed that a full and complete response has been made to the outstanding Official
Action and the present application is in condition for allowance. Thus, prompt and favorable
consideration of this amendment is respectfully requested.

Dated: November 24, 2020 Respectfully submitted,

Electronic signature: _/Paul B. Stephens/_
Paul B. Stephens
Registration No.: 47,970
MARSHALL, GERSTEIN & BORUN LLP
233 S. Wacker Drive
6300 Willis Tower
Chicago, lllinois 60606-6357
(312) 474-6300
Attorney for Applicant
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AMENDMENTS TO THE CLAIMS

1. (Currently amended) A method for creating an overlay map on a
digital image of a slide, the method comprising:
receiving the digital image;

separating the digital image into a plurality of tiles, each tile of the plurality of tiles

containing a respective portion of the digital image of the slide; and

for each tile of the plurality of tiles:

identifying features of the tile;

identifying structural tissue features of a second portion of the digital image of

the slide including at least part of one or more other tiles of the plurality of tiles,

wherein the second portion is larger than the respective portion of the digital image

contained in the tile: and

identifying the majority class of tissue visible within each-tile-inthepluralibyof
fles—based-eon-a-muli-tileanalysis the tile based at least in part on the features of the tile

and the structural tissue features of the second portion of the digital image of the slide.

2. (Original) The method of claim 1, further comprising:
generating a digital overlay drawing of an outer edge of each cell in the image.

3. (Original) The method of claim 2, wherein the digital overlay drawing
is prepared at the resolution level of an individual pixel.

4. —10. (Canceled)

11. (Currently amended) A method for tissue classification of a digital
image of a slide, the method comprising:
receiving the digital image;

segmenting the digital image into a plurality of tiles, each tile of the plurality of tiles

containing a respective portion of the digital image of the slide;

for each tile of the plurality of tiles:

identifying features of the tile;

identifying structural tissue features of a second portion of the digital image of
the slide including at least part of one or more other tiles of the plurality of tiles,
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wherein the second portion is larger than the respective portion of the digital image

contained in the tile: and

determining a predicted class for each tile based at least in part on the

features of the tile and the structural tissue features of the second portion of the

digital image of the slide;

identifying a plurality of cell objects in the digital image;

determining a predicted class for each of the plurality of cell objects; and

for each of the plurality of tiles that corresponds to one of the plurality of cell objects,
assigning the tile the predicted class of the corresponding cell object in place of the
predicted class of the tile.

12. (Original) The method of claim 11, further comprising:

storing, in a first file, for each tile, a tile position and the predicted class of the tile;
and

storing, in a second file, for each cell object, a polygon outlining the cell object and
the predicted class of the cell object.

13. (Original) The method of claim 11, further comprising:
generating a digital overlay drawing for the digital image, where the digital overlay
drawing is a cell mask displaying a polygon around each cell object.
14. (Original) The method of claim 11, further comprising:
generating a digital overlay drawing for the digital image, where the digital overlay
drawing is a histology mask displaying the plurality of tiles and the predict class for each tile.
15. (Original) The method of claim 11, further comprising:

generating a digital overlay drawing for the digital image; and

displaying, in the digital overlay drawing, the plurality of tiles and the predicted class
for each tile that does not correspond to a cell object, and displaying, the plurality of cell
objects and the predicted class of each cell object.

16. (Original) The method of claim 11, further comprising:

generating a digital overlay drawing for the digital image, wherein the digital overlay
drawing includes the digital image; and
displaying the digital overlay drawing.
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17. (Original) The method of claim 11, further comprising:

generating a digital overlay drawing for the digital image, wherein the digital overlay
drawing includes a generated version of the digital image; and
displaying the digital overlay drawing.

18. (Original) The method of claim 11, further comprising:

generating a plurality of digital overlay drawings for the digital image, where each
digital overlay drawing corresponds to a different predicted class; and
selectively displaying one of the plurality of digital overlay drawings.

19. (Original) The method of claim 11, further comprising:
generating a digital overlay drawing for the digital image, where the digital overlay
drawing comprises percentages of predict classes corresponding to the digital image.
20. (Original) The method of claim 11, further comprising:
generating a digital overlay drawing for the digital image, where the digital overlay

drawing comprises total counts of predict classes corresponding to the digital image.

21. (New) The method of claim 11, wherein the cell objects comprise
CD3, CD8, CD20, pancytokeratin, and smooth muscle actin.

22. (New) The method of claim 11, wherein the cell objects include
lymphocyte cells and not lymphocyte cells.

23. (New) The method of claim 11, wherein the structural tissue features

comprises at least one of glands, ducts, vessels, and immune clusters.

24. (New) The method of claim 1, wherein the majority class of tissue is
selected from the group consisting of epithelium, normal epithelium, immune, stroma,

necrosis, blood, and fat.

25. (New) The method of claim 1, wherein the structural tissue features

comprises at least one of glands, ducts, vessels, and immune clusters.
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DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

4743 7590 12/11/2020 Certificate of Mailing or Transmission
MARSHALL. GERSTEIN & BORUN LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
i States Postal Service with sufficient postage for first class mail in an envelope
233 SOUTH WACKER DRIVE addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
6300 WILLIS TOWER the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
CHICAGO, IL 60606-6357 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/732,242 12/31/2019 Stephen Yip 32830/58872A 7185
TITLE OF INVENTION: ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 03/11/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
VARNDELL, ROSS E 2666 382-100000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.
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PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/732,242 12/31/2019 Stephen Yip 32830/58872A 7185
4743 7590 12/11/2020 | EXAMINER |
MARSHALL, GERSTEIN & BORUN LLP VARNDELL, ROSS E
233 SOUTH WACKER DRIVE
6300 WILLIS TOWER | ART UNIT PAPER NUMBER |
CHICAGO, IL 60606-6357 2666

DATE MAILED: 12/11/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
B . 16/732,242 Yip et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
Ross Varndell 2666 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 11/24/2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-3 and 11-25 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/Ross Vamdell/

Primary Examiner, Art Unit 2666

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201205




Application/Control Number: 16/732,242 Page 2
Art Unit: 2666

Allowable Subject Matter

1. Claims 1-3 and 11-25 are allowed.
2. The following is an examiner’s statement of reasons for allowance: The present
invention comprises a generalizable and interpretable deep learning model for predicting
biomarker status and biomarker metrics from histopathology slide images. The closest prior art,
Tunstall et al. (US 2016/0063724 Al hereinafter “Tunstall” referred to as “Pathx|” on the
written opinion for PCT/US2019/069164 filed on 9/4/2020) shows a similar system which also
includes an image of a section of a tissue sample imaged from a microscope slide stained using
Haemotoxylin and Eosin, using a learning method with classification data, obtaining a
probability estimate based on comparing the feature vectors of tiles in tissue regions of the
image, and displaying the resulting probability estimate as a color map. However, Tunstall fails
to disclose “each tile of the plurality of tiles containing a respective portion of the digital image
of the slide; and for each tile of the plurality of tiles: identifying features of the tile; identifying
structural tissue features of a second portion of the digital image of the slide including at least
part of one or more other tiles of the plurality of tiles, wherein the second portion is larger than
the respective portion of the digital image contained in the tile; and identifying the majority
class of tissue visible within the tile based at least in part on the features of the tile and the
structural tissue features of the second portion of the digital image of the slide,” as
claimed. These distinct features have been added to the independent claims 1 and 11;
therefore, rendering them allowable.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays, should preferably accompany the



Application/Control Number: 16/732,242 Page 3
Art Unit: 2666

issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Ross Varndell whose telephone number is (571)270-1922. The
examiner can normally be reached on M-F, 9-5 EST.

Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kim Vu can be reached on (571)272-3859. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access
to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Art Unit: 2666

/Ross Varndell/
Primary Examiner, Art Unit 2666



Application/Control No. Applicant(s)/Patent Under Reexamination
Search Nofes 16/732,242 Yip et al.
IUTTRITARA |
Ross Varndell 2666
CPC - Searched*
Symbol Date Examiner
G06T7/0012, G06T2207/30096, G06T2207/20084, GO6K9/00147, 07/20/2020 RV
G06K9/00523, GO6K9/00536, GO6N20/00
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.
Search Notes
Search Notes Date Examiner
Performed double patenting, inventor, and prior art searches. 07/20/2020 RV
Updated searches. 12/05/2020 RV
Performed ip.com search with NPL. 12/05/2020 RV
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
GO6T 7/0012, 2207/30096, 2207/20084 07/20/2020 RV
GO6K 9/00147, 9/00523, 9/00536 07/20/2020 RV
GO6N 20/00 07/20/2020 RV
/RV/

Primary Examiner, Art Unit 2666

U.S. Patent and Trademark Office Part of Paper No.: 20201205
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢35 242 Yip et al.
H “ ‘H“ Examiner Art Unit
Ross Varndell 2666
CPC
Symbol Type Version
G06T 0012 F 2013-01-01
G06T 11 | 20170101
G06T 30096 A 2013-01:-01
G06T 30024 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 18
/Ross Varndell/ 05 December 2020 i i N
Primary Examiner, Art Unit 2666 O.G. Print Claim(s} | O.G. Print Figure
(Primary Examiner) (Date) 1 5B
U.S. Patent and Trademark Office Part of Paper No.: 20201205
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |i¢35 242 Yip et al.

H “ “ m Examiner Art Unit
Ross Varndell 2666

INTERNATIONAL CLASSIFICATION
CLAIMED

G06T7/00
GO6T7/11

NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 18

/Ross Varndell/ 05 December 2020 ) ) N
Primary Examiner, Art Unit 2666 O.G. Print Claim(s} | O.G. Print Figure
(Primary Examiner) (Date) 1 5B
U.S. Patent and Trademark Office Part of Paper No.: 20201205
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/732,242 Yip et al.
Examiner Art Unit
Ross Varndell 2666

(O Claims renumbered in the same order as presented by applicant (J CPA (3 T.D. [ R.1.47

CLAIMS
Final |Original]Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original|Final |Original
1 1 10 14 19
2 2 6 11 15 20
3 3 7 12 16 21
4 8 13 17 22
5 9 14 18 23
6 10 15 4 24
7 11 16 5 25
8 12 17
9 13 18
NONE

(Assistant Examiner)

Total Claims Allowed:

(Date) 18

/Ross Varndell/
Primary Examiner, Art Unit 2666

(Primary Examiner)

05 December 2020

O.G. Print Claim(s} | O.G. Print Figure
(Date) 1 5B

U.S. Patent and Trademark Office

Page 3 of 3

Part of Paper No.: 20201205



EAST Search History

EAST Search History (Prior Art)

Ref Hits Search Query DBs Default %Pluralsg Time
# Operator . Stamp

s1 0 "16830186" %US—PGPUB;%AND OFF  2020/07/07
% | | _USPAT; 08:53 |

S2 215 ((("YIP") near3 ("Stephen")) OR :US-PGPUB; ' AND OFF  2020/07/07
? (("HO") near3 ("Irvin")) OR (USPAT; 108:54 5
(("SHA") near3 ("Lingdao")) OR 'USOCR; ? ?
(("OSINSKI") near3 EPO; JPO;
("Boleslaw™")) OR (("KHAN") 'DERWENT
“near3 ("Aly")) OR (("KRUGER") f
“near3 ("Andrew")) OR
(("CARLSON") near3
("Michael")) OR
(("GREENWALD") near3
("Abel")) OR (("WILLIS") near3
("Caleb™)).INV.

3 1 "20160063724" did. 'US-PGPUB; | AND OFF  2020/07/07
% | | 'USPAT; 110:28 |

'S4 410,720 (hematoxylin neard eosin) or ~ US-PGPUB; AND ~ OFF  2020/07/07
o h?e USPAT; 13:51 |

S5 23,422 tile$2 near4 image$4 'US-PGPUB; AND OFF  2020/07/07
| | | "USPAT; - 113:51 |

S6 26,378  (deep$4 near4 learn$4) 'US-PGPUB; | AND OFF  2020/07/07
% % % 'USPAT; 113:51 f
S7 1971 biomarker$4 neard classifi$6  US-PGPUB; AND ~ OFF  2020/07/07
| | | USPAT; 113:52 |
S8 452,847 overlay$4 US-PGPUB; AND  OFF  2020/07/07
| s | _USPAT; 113:52 |



12020/07/07
113:52 |

12020/07/07
113:53 |

12020/07/07
113:53 |

(G06T7/0012 OR
G06T2207/30096 OR

'US-PGPUB; |
'USPAT;

US-PGPUB; |
'USPAT;

'US-PGPUB;
(USPAT;

'US-PGPUB;
'USPAT;
_USOCR

12020/07/07
113:57 |

 G06T2207/20084 OR :
 GO6K9/00147 OR GO6K9/00523
_OR GO6K9/00536 OR
- GO6N20/00).CPC.

12020/07/08
09:13 |

12020/07/08
109:13 |

12020/07/08
109:13 |

12020/07/08
09:16 |

'US-PGPUB; |
_USPAT;

'US-PGPUB;
USPAT;

US-PGPUB; |
'USPAT;

US-PGPUB; |
(USPAT;

'US-PGPUB;
_USPAT '

12020/07/08
109:13 |



"20180137394"
"20190169685"
"6463438").PN.

530 1 "20200184643".did. US-PGPUB; AND  OFF  2020/07/08
o | USPAT | 09:46 |

S31 26,373 deep$4 near4 learn$4 US-PGPUB; AND ~ OFF  2020/07/08
S | USPAT | 09:46 |

S32 1,612 biomarker$4 neard classif$6  US-PGPUB; AND ~ OFF  2020/07/08
S | USPAT | 09:46 |

533 38 1531532 US-PGPUB; AND  OFF  2020/07/08
T | USPAT | 09:46 |

s34 0 1529531532 USPGPUB; AND  OFF  2020/07/08
. z USPAT | 109:47 |

S35 0 1530531 532 US-PGPUB; AND  OFF  2020/07/08
. | USPAT | 109:47 |

536 13 ("20200184643" "10646156"  US-PGPUB; OR OFF  2020/07/08

% | 1"20190244348" USPAT | 109:49 |
"20190180153" ? f | ?
"20190244347"
"20190159737"
"20190180438"
1"20190172197"
"20190156159" "10426442"
"20200005901"
"20190087532"
1"10395366").did.

12020/07/08
109:49 |

12020/07/08
109:49 |

12020/07/08
109:49 |

2020/07/08
1027

|
|
|
1"20180129911" |
|
|




(540 or 542) (tilS4 same
rectangl$4)

(540 or 542) (til$4 same
-squar$4)

12020/07/08
110:40 |

12020/07/08
110:40 |

12020/07/08
110:41 |

12020/07/08
110:42 |

12020/07/08
10:43 |

12020/07/08
110:43 |

12020/07/08
10:43 |

(multiscal$4 with (deep near4
learn$4)) (single near2 scal$4
-with (deep near4 learn$4))

'US-PGPUB; -
USPAT

10:27

110:30

110:30

110:30

110:30

(multiscal$4 with (deep near4
learn$4))

(540 or 542) (til$4 same
-mask$4)

(540 or $42) (il$4 same siz$4)

10:31

110:33

12020/07/08
110:38 |
12020/07/08
110:38 |

12020/07/08
10:44 |



(multiscal$4 with (deep near4
learn$4)) (singl$4 near4 scal$4
_with (deep near4 learn$4))

(multiscal$4 with (deep near4
learn$4)) (single with scal$4
-with (deep near4 learn$4))

| | (scalS$4 with (deep neard |
learn$4))

(scalS4 near4 (deep neard
learn$4))

("20030215936" |
"20060064248"
"20070216909"
1"20100111396"
"20140073922"
"20140140607"
1"20140337052"
1"20150100246"
"20160063724"
1"20160103973"
"20160253466"
"20170076046"
1"20170337682"
"20180005136"
"20180089373"
"20180121759"
1"20180129911"
"20180137394"
"20190169685"
"6463438").PN.

("20200184643" "10646156"  US-PGPUB; OR
"20190244348" :
1"20190180153"
1"20190244347"
"20190159737"
1"20190180438"
1"20190172197"
"20190156159"
"20200005901"
"20190087532"
1"10395366").did.

"10426442"

'US-PGPUB; |

_USPAT

'US-PGPUB; -

_USPAT

'US-PGPUB;

_USPAT

_USPAT

OFF

12020/07/08
110:45 |

12020/07/08
113:22 |

12020/07/08
113:29 f
12020/07/08
113:29 f

12020/07/08
113:49 |

2020/07/08
13:49 |



(S64 or S63) ((consensus$4
neard molecular$4 neard
subtype) or (CMS) or
(homologousS4 near4
recombination$4 near4
deficienc$4) or (HRD))

(S66 or S67) ((consensus$4
_near4 molecular$4 neard
subtype) or (CMS) or
(homologous$4 near4
recombination$4 near4
_deficienc$4) or (HRD))

12020/07/08
13:57 |

12020/07/08
113:58 |

12020/07/08
13:58 |

12020/07/09
08:30 |

12020/07/09
08:30 '

'US-PGPUB; |

USPAT

US-PGPUB;
USPAT

‘US-PGPUB; |
USPAT

113:49

13:51

13:51

13:51

(S66 or S67) (convolution$S4 ,
_near4 neural near4 networkS4)

13:52

13:52

113:53

(564 or $63) 571

12020/07/08
13:55 f

12020/07/08
113:56 :



12020/07/09

108:30

12020/07/09

108:32

12020/07/09

108:32

12020/07/09

108:38

12020/07/09

("20030215936" |
"20060064248" |
"20070216909" |
1"20100111396" |
"20140073922" |
"20140140607" |
1"20140337052" |
1"20150100246" |
"20160063724" |
1"20160103973" |
"20160253466" |
"20170076046" |
"20170337682" |
"20180005136" |
1"20180089373" |
"20180121759" |
1"20180129911" |
"20180137394" |
1"20190169685" |
"6463438").PN.

'US-PGPUB; |

%USPAT

%08:39

(USPAT

("20200184643" "10646156"  US-PGPUB;  OR
1"20190244348" :
"20190180153"
"20190244347"
1"20190159737"
1"20190180438"
1"20190172197"
"20190156159" "10426442"
"20200005901"

"20190087532"

"10395366").did.

12020/07/09
108:39



S87 4 (S85 or S84) adversarS4 %US—PGPUB; AND :OFF %2020/07/09
| (USPAT 108:39 |

588 0 (S780r579) (overlay$4 same  US-PGPUB; AND ~ OFF  2020/07/09
: tumors$4) USPAT %08:45 5

589 0 (S78 or S79) (overlay$4 same2 US-PGPUB; AND ~ OFF  2020/07/09
: tumors$4) USPAT %08:45 5

590 0 (S780r 579) (overlay$4 same4 US-PGPUB; AND ~ OFF  2020/07/09
: tumors$4) USPAT %08:45 5

591 0 (578 or 579) (overlay$4 US-PGPUB; AND  OFF  2020/07/09
: tumors$4) USPAT %08:45 5

§$92 2 (S85 or S84) adversar$S4 resnet %US—PGPUB; :AND : OFF %2020/07/09
%USPAT %08:48 5

5593 2 %adversar$4 resnet (u near2 net) %US—PGPUB; :AND : OFF %2020/07/09
: _biomarker (deep near4 'USPAT 108:49 5

learn$4) 3 3

S94 1 "20190392580".did. US-PGPUB; :AND -OFF %2020/07/09
5 USPAT %08:54 5

SS5 0 2594 GAN resnet (u near2 net) EUS—PGPUB; “AND OFF %2020/07/09
' _biomarker (deep near4 . USPAT 108:54 :

learn$4) 3 3

596 O 2594 resnet (u near2 net) :US-PGPUB; :AND . OFF %2020/07/09
' _biomarker (deep near4 _USPAT 108:54 5

learn$4)

12020/07/09
08:54 |

12020/07/09
08:54 |

12020/07/09
08:55 |

2594 (u near2 net) biomarker
(deep near4 learn$4)

S94 biomarker (deep near4
learn$4)

2594 (u near2 net) biomarker
(deep near4 learn$4)

S94 adversar$4 biomarker
. (deep near4 learnS4)

15101 adversar$4 biomarker
(deep near4 learn$4)

25101 (u near2 net) biomarker
(deep near4 learn$4)

08:56



S101 biomarker (deep near4
learn$4)

25101 biomarker$4 (deep near4
learn$4) '

12020/07/09
08:57 |

12020/07/09
08:57 f

/5101 (u near2 net) resnet
biomarker

/5101 (u near2 net) resnet
biomarker gan

/5101 (u near2 net) resnet
biomarker gan deep

/5101 (u near2 net) resnet
_biomarker gan deep (multi$4
near4 scal$4)

/5101 (u near2 net) resnet
_biomarker gan deep
(multiscal$4)

S101 ((multiS$4 near4 scal$4) or
“multiscal$4) :

12020/07/09
:09:03 f

S114 ((multiS$4 near4 scal$4) or
“multiscal$4) :

/5101 (u near2 net) resnet
biomarker gan deep (scal$4)

12020/07/09
:09:13 f

(US-20160063724-$ or US-
20180089373-S$ or US-
20140337052-$ or US-
120190392580-$).did. or (US-
10426442-$ or US-10699163-

USPAT

_USPAT

'US-PGPUB;
_USPAT '

12020/07/09
08:57 |
12020/07/09
08:57 |

12020/07/09
08:57 f
12020/07/09
08:58 f
12020/07/09
08:58 f
12020/07/09
109:00 f

12020/07/09
109:01 |

12020/07/09
:09:01 f

12020/07/09
:09:04 f
12020/07/09
:09:09 f

12020/07/09
109:16 '



12020/07/09
109:16 |

12020/07/09
112:20 |

12020/07/09
112:20 |

12020/07/09
112:20 |

12020/07/09
112:25 |

(US-20160063724-$ or US-
120180089373-$ or US-
120140337052-$ or US-
120190392580-$).did. or (US-
110426442-$ or US-10699163-

12020/07/09
12:27 |

12020/07/09
12:27 |

12020/07/10
113:15 |

12020/07/10°
13:15 |

12020/07/10
113:15 |

12020/07/10
113:15 |

12020/07/10°
13:15 |

'US-PGPUB; |
'USPAT;

US-PGPUB; |
USPAT

'US-PGPUB;
_USPAT;

US-PGPUB; |
USPAT;

'US-PGPUB; |
_USPAT;

‘US-PGPUB; |
USPAT;

US-PGPUB; |
'USPAT;

US-PGPUB;
(USPAT;

US-PGPUB;
'USPAT;

12020/07/09
12:27 |



'US-PGPUB; AND OFF
'USPAT; |

US-PGPUB; AND  OFF
USPAT;, |

("20140185891" "9159129"
"20170076442" "9741112"
"20100061605" "8139833"
1"10474874").did.

'US-PGPUB; OR 'OFF
(USPAT; |
'USOCR

12020/07/10
113:16 |

12020/07/10
13:16 |

12020/07/10
113:18 |

15134 (different$4 or multipl$4) - : ; 12020/07/10
%same scalS4  USPAT; 113:18 :

5138 19

5139 8

("20160098589" "10474874"
"9805248" "20100111396"
"8488863" "20190073510"
"10614285" "20180053033"
"10664722" "9740957"
"20160063308" "10445557"
"20170270666").did.

S134 ((differentS4 or multipl$4)
_same scal$4) ((rectang$4 or
'squar$4) same til$2)

("20140185891" "9159129"
1"20170076442" "9741112"
"10474874" "20180053033"
"9805248" "20160098589"
"20160063308" "9740957"
"10445557" "20170337415"
"20170358079" "10339653"
"20160203599" "9721340"
"10262189" "9740912"
1"20100111396").did.

15138 ((different$4 or multiplS4)
same scalS4) ((rectang$4 or
squar$4) same til$2)

15138 (scal$4) ((rectang$4 or
squar$4) same til$2)

US-PGPUB; | AND
'USPAT;

US-PGPUB; AND  OFF

_USPAT;

‘US-PGPUB; OR OFF
'USPAT; ?
'USOCR

'US-PGPUB; AND  OFF
_USPAT; |

US-PGPUB; OR OFF
USPAT; |
{USOCR

2020/07/10°
1327

12020/07/10
113:20 |

12020/07/10
13:27 |

12020/07/10
113:29 |

12020/07/10
113:33 |



12020/07/10
113:33 |

(G06T7/0012 OR

- G06T2207/30096 OR
| G06T2207/20084 OR :
 G06K9/00147 OR GO6K9/00523
_OR G06K9/00536 OR ?
' GO6N20/00).CPC.

12020/07/10
13:34 |

$143 (multiscal$4) ((rectangS4
~or squar$4) same til$2)

12020/07/10°
14:16 |

12020/07/10°
14:16 |

12020/07/10
14:24 |

12020/07/10
14:24 |

12020/07/10
14:24

5146 nnf

15146 cnn

'US-PGPUB; |
'USPAT;

%USPGPUB;%
'USPAT;
‘USOCR

'US-PGPUB;
_USPAT;

US-PGPUB; |
'USPAT;
'USOCR

(US-20190043242-3).did. 'US-PGPUB
'US-PGPUB

'US-PGPUB

'US-PGPUB; |
_USPAT;

US-PGPUB;
USPAT;

12020/07/10
13:34 |

12020/07/10
13:35 |

12020/07/10
113:53 |

12020/07/10
113:54 |

12020/07/10
113:55 |

12020/07/10
113:55 |

$146 (multiscalS4) ((rectangS4

| 12020/07/10
%or squar$4) same tilS2) 5

113:56



12020/07/10
114:26 f

12020/07/10
114:26 f

12020/07/10
114:26 f

(5154 or $155) (class$4)
_discard$4

(5154 or $155) (class$4)
deletS4

12020/07/10
114:29 f

12020/07/11

'US-PGPUB; |
_USPAT;,

US-PGPUB; |
_USPAT;

'US-PGPUB;

- USPAT;

12020/07/11 |

US-PGPUB; -

%USPAT;

12020/07/12

'US-PGPUB;

_USPAT;

12020/07/12
123:21 5

12020/07/12
23221 |

12020/07/14 |
114:59 f

12020/07/14

'US-PGPUB;
'USPAT;

US-PGPUB; |
_USPAT;

'US-PGPUB; |

_USPAT;

12020/07/15

'US-PGPUB;

%USPAT;

2020/07/11
16:02 f

12020/07/11 |
116:04 |

116:05
%16:05

123:20

115:19

%11:48



12020/07/16
07:37 |

12020/07/16
07:37 |

12020/07/16
107:39 :

S174 overlay ((en near2 fac$4)
~or enfac$4)

12020/07/16
07:41 |

'S174 overlay ((en near2 fac$4)
~or enfac$4) oct

12020/07/16
07:53 |

12020/07/16
107:56 |

'S174 overlay ((en near2 fac$4)
or enfac$4) oct (irl same rpe)

12020/07/16
107:56 |

S174 overlay ((en near2 fac$4)
-or enfac$4) oct (ilm same rpe)

12020/07/16
08:55 |

12020/07/16
109:02 |

12020/07/16
12:47 |

12020/07/16
12:47 |

12020/07/16
12:48 |

12020/07/16
12:48 |

12020/07/16
12:52 |

(G06T7/0012 OR
 G06T2207/30096 OR
 G06T2207/20084 OR :
 GO6K9/00147 OR GO6K9/00523 |
'OR G06K9/00536 OR |
' GO6N20/00).CPC. (overlay$4
same percentage$4)

'US-PGPUB; |
(USPAT;

US-PGPUB; |
_USPAT;

'US-PGPUB;
(USPAT;

'US-PGPUB; |
(USPAT;

‘US-PGPUB; |
'USPAT;

'US-PGPUB;
_USPAT;

US-PGPUB; |
_USPAT;
.USOCR



15188 74 (GO6T7/0012 OR 'US-PGPUB; 'AND OFF  2020/07/16
G06T2207/30096 OR _USPAT; 112:53
G06T2207/20084 OR USOCR ?
GO6K9/00147 OR GO6K9/00523
' OR GO6K9/00536 OR
- GO6N20/00).CPC. (overlay$4
%with percentage$4)

5190 1 (US-20200105417-$).did. 'US-PGPUB  AND OFF  2020/07/20

5191 1 15190 overla$4 'US-PGPUB; AND  OFF  2020/07/20
| s | _USPAT; 109:25 |

2020/07/20
09:54

OFF  2020/07/20
| 109:54 |

5194 1 5193 tile$2 US-PGPUB; AND  OFF  2020/07/20
; 5 z _USPAT; 109:54 :

5195 4 ("20110188728" | 'US-PGPUB; AND OFF  2020/12/05 |

? ? 1"20160217253" | USPAT 117:14 ?
"20190034591" | 3 ? | |
"9996664").PN.

5196 3 ("20180239949" | US-PGPUB; AND  OFF  2020/12/05
| | "20180340870" | USPAT 117:15 |
"20190087532").PN. f : | f

15197 3 (5195 or $196) tile$2 'US-PGPUB; | AND OFF  2020/12/05
'USPAT; 17:15

5198 8,904 (structur$4 with tissu$4 with 2020/12/05
5 5 featur$4) 117:26 5

§2020/12/05

: 2020/12/05°
larg$4 117:28 5

12020/12/05
117:29 |




5202 24,290 tile$2 near4 image$4 US-PGPUB; AND  OFF  2020/12/05
- | USPAT; 117:29 |

USPAT 17:29

15204 33,865 tile$2 with image$4 US-PGPUB; AND  OFF  2020/12/05
'USPAT; 117:32

USPAT 17:32

Time Stamp

$13 16,074 ((hematoxylin near4 eosin) or Us- AND OFF  2020/07/07
o h?e).clm. PGPUB; ? 13:55 |

2020/07/07
13:55 |

12020/07/07
113:55 ?

2020/07/07
113:55 |

12020/07/07

1§13 514 516 517 ,
13:55

'S19 48,980 (GO6T7/0012 OR GO6T2207/30096  US- AND , 12020/07/07
L 'OR G06T2207/20084 OR PGPUB; 13:57 5
. GO6K9/00147 OR GO6K9/00523 OR ' USPAT ?
- GO6K9/00536 OR GO6N20/00).CPC.

S21 292 513517 Us-  AND 12020/07/07
z | PGPUB; 114:01 |
USPAT ?




12020/07/07
114:01 |

12020/07/07
114:01 |

12020/07/07
114:02 ?

15189 161 (GO6T7/0012 OR G06T2207/30096 - US- AND OFF  2020/07/16
| ? 'OR G06T2207/20084 OR _PGPUB; 112:52
- GO6K9/00147 OR GO6K9/00523 OR  USPAT | ?

- G06K9/00536 OR GO6N20/00).CPC.
%(overlay$4 same percentage$4) :

15206 16,537 ((hematoxylin near4 eosin) or Us- AND OFF  2020/12/05 |
‘h?e).clm. _PGPUB; 117:30 |

2020/12/05
117:30 ?

12020/12/05
117:30 |

2020/12/05
17:30 :

12020/12/05
117:31 f

(structurS4 with tissuS4 with 5
featur$4) PGPUB;

5211 346 (structur$4 with tissu$4 with Us- AND 12020/12/05
? : featur$4).clm. _PGPUB; 117:31 5

15212 43,396 ((second near4 portion$4) with Us- AND 12020/12/05
larg$4).cIm. . PGPUB; 1731 5

15213 4,853 (tile$2 with image$4).cim. Us- AND OFF  2020/12/05
% PGPUB; 17:32 '




§5214§o 52115212 "17" Us- AND OFF  2020/12/05
; s _PGPUB; 117:32 f

| | 12020/12/05
PGPUB; 17:33 |

12/5/2020 5:33:25 PM
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IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)
Drawing sheet or figure is missing. FIG(s)

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.
FIG(s)

The character of the lines, numbers, and letters is poor. FIG(s)

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s) 5a

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s)

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph

required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)
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SEGMENTATION OF TISSUE IMAGES

AMENDMENT AFTER ALLOWANCE & RESPONSE TO NOTICE TO FILE CORRECTED
APPLICATION PAPERS

MS Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:
INTRODUCTORY COMMENTS
Prior to issuance of the patent, applicant respectfully requests entry of this

amendment under 37 C.F.R. 1.312 for the above-captioned patent application.

Amendments to the Drawings begin on page 2 of this paper and include an

attached replacement sheet .

Remarks begin on page 3 of this paper.



ENT SHEET

REPLACEM




Electronic Acknowledgement Receipt

EFS ID: 42012144
Application Number: 16732242
International Application Number:
Confirmation Number: 7185

Title of Invention:

ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

First Named Inventor/Applicant Name:

Stephen Yip

Customer Number:

4743

Filer:

Paul Bryan Stephens/Jennie Mackowiak

Filer Authorized By:

Paul Bryan Stephens

Attorney Docket Number: 32830/58872A
Receipt Date: 24-FEB-2021
Filing Date: 31-DEC-2019
Time Stamp: 15:52:41

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
17914
1 AMD_After_Allow__Response_| os 3
to_Notice.PDF y
4belab1aaf787a1dbbc1c0af169d372bb76

ef3c7




Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Arguments/Remarks Made in an Amendment 3 3
Drawings-other than black and white line drawings 2 2
Amendment after Notice of Allowance (Rule 312) 1 1
Warnings:
Information:
2585934
5 Drawings-other than black and white 32830-58872A_Replacement_F o 1
line drawings ig_5A.PDF
9bcafe31bsfe74a3ab3e170f4f4d8d578b51
3ela
Warnings:
Information:
Total Files Size (in bytes): 2603848

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




Application No. 16/732,242 Docket No.: 32830/58872A
Amendment dated February 24, 2021
After Allowance Under 37 C.F.R. § 1.312

AMENDMENTS TO THE DRAWINGS

The attached drawing sheet includes a change to Figure 5A

Attachment: Replacement sheet



Application No. 16/732,242 Docket No.: 32830/58872A
Amendment dated February 24, 2021
After Allowance Under 37 C.F.R. § 1.312

REMARKS

In response to the Notice to File Corrected Application Papers mailed January
28, 2021, Applicants have amended Figure 5A to remove the lead line missing a reference

number. The amendment to Figure 5A includes no new matter.

Dated: February 24, 2021 Respectfully submitted,

Electronic signature: _/Paul B. Stephens/_
Paul B. Stephens
Registration No.: 47,970
MARSHALL, GERSTEIN & BORUN LLP
233 S. Wacker Drive
6300 Willis Tower
Chicago, lllinois 60606-6357
(312) 474-6300
Attorney for Applicant



PART B-FEE(S) TRANSMITTAL

Complete and send this form, together with the applicable fee(s), by mail or fax, or via EFS-Web.
By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless
corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee

notifications.
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
04743 papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.
MARSHALL’ GERSTEIN & BORUN LLP Certificate of Mailing or Transmission
233 S. Wacker Drive I hereby certify that this Fee(s) Transmittal is being deposited with the United
15 States Postal Service with sufficient postage for first class mail in an envelope
6300 Willis .TO.VVSI' addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
Chicago, Illinois 60606-6357 USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)
(Date)
APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
16/732,242 12/31/2019 Stephen Yip 32830/58872A 7185
TITLE OF INVENTION: ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES
APPLN: TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional | UNDISCOUNTED $1,200.00 $1,200.00 03/11/2021
EXAMINER ART UNIT CLASS-SUBCLASS
R. E. Varndell 2666
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list MARSHALL, GERSTEIN &
Address” (37 CFR 1.363) (1) The names of up to 3 registered patent attorneys " BORUNLLP
Change of correspondence address (or Change of or agents OR, altematively, 2
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member ’
|:| “Fee Address” indication (or “Fee Address” Indication aregistered attomey or agent) and the names of
form PTO/SB/47; Rev 03-09 or more recent) upto?2 re.gls.tered patent attorpeys or ?gents. If 3.
attached. Use of a Customer Number is required. 1o name is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been
previously recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE or COUNTRY)
TEMPUS LABS, INC. Chicago, lllinois

Please check the appropriate assignee category or categories (will not be printed on the patent): |:| Tndividual Corporation or other private group entity |:| Government

4a. Fees Submitted: Issue Fee |:| Publication Fee (if required) |:| Advance Order - # of Copies
4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Payment via EFS-Web |:| Enclosed check |:| Non-electronic payment by credit card (Attach form PTO-2038)

The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 13-2855

5. Change of Entity Status (from status indicated above)
|:| Applicant certifying micro entity status. See 37 CFR 1.29. NOTE: Absent a valid Certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee
payment in the micro entity amount will not be accepted at the risk of application abandonment.

|:| Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.

|:| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity
status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature _/Paul B. Stephens/_ Date March 11, 2021

Typed or printed name Paul B. Stephens Registration No. 47,970

PTOL-85 Part B (08-18) Approved for use through 03/31/2023 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



Electronic Patent Application Fee Transmittal

Application Number: 16732242

Filing Date: 31-Dec-2019

Title of Invention: ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES
First Named Inventor/Applicant Name: Stephen Yip

Filer: Paul Bryan Stephens/Jennie Mackowiak

Attorney Docket Number: 32830/58872A

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1200




Electronic Acknowledgement Receipt

EFS ID: 42158607
Application Number: 16732242
International Application Number:
Confirmation Number: 7185

Title of Invention:

ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES

First Named Inventor/Applicant Name:

Stephen Yip

Customer Number:

4743

Filer:

Paul Bryan Stephens/Jennie Mackowiak

Filer Authorized By:

Paul Bryan Stephens

Attorney Docket Number: 32830/58872A
Receipt Date: 11-MAR-2021
Filing Date: 31-DEC-2019
Time Stamp: 17:05:59

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E20213AH06190037

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

36276

1 Issue Fee Payment (PTO-85B) gss_grapﬁgr_t;lﬁgp no 1

4ad2ba3adb479a565a15aaf99a18ad4353¢
db39d

Warnings:
Information:
30601
2 Fee Worksheet (SB06) fee-info.pdf no 2
39e220345b9451205c65b682e143e295%ad
fOea8
Warnings:
Information:
Total Files Size (in bytes): 66877

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/732,242 04/27/2021 10991097 32830/58872A 7185
4743 7590 04/07/2021

MARSHALL, GERSTEIN & BORUN LLP
233 SOUTH WACKER DRIVE

6300 WILLIS TOWER

CHICAGQO, IL 60606-6357

ISSUE NOTIFICATION
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Patent Grant with Color/Grayscale Drawings
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e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.
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Execution Date

TEMPUS LABS, INC.
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Application Number: 17837025
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Patent Number: 11741365
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Patent Number: 11081210
Patent Number: 11475978
Patent Number: 11367004
Patent Number: 10957041
Patent Number: 11610307
Patent Number: 11682098
Patent Number: 11727674
Patent Number: 11348661
Patent Number: 11348239
Patent Number: 11348240
Patent Number: 11263748
Patent Number: 10957433
Patent Number: 11742064
Patent Number: 11373739
Patent Number: 10395772
Patent Number: 10902952
Patent Number: 11532397
Patent Number: 11651442
Patent Number: 10991097
CORRESPONDENCE DATA
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Address Line 4: Chicago, ILLINOIS 60606-6357
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Delaware

The First State

I, JEFFREY W. BULLOCK, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT
COPY OF THE CERTIFICATE OF AMENDMENT OF “TEMPUS LABS, INC.”,
CHANGING ITS NAME FROM "TEMPUS LABS, INC." TO "TEMPUS AlI,
INC.", FILED IN THIS OFFICE ON THE SEVENTH DAY OF DECEMBER,

A.D. 2023, AT 12:40 O CLOCK P.M.

“.kﬂny W. Bulloch, Secretary of State )

Authentication: 204756807
Date: 12-07-23

5810758 8100
SR# 20234161120

You may verify this certificate online at corp.delaware.gov/authver.shtml




CERTIFICATE OF AMENDMENT TO
ELEVENTH AMENDED AND RESTATED CERTIFICATE OF INCORPORATION
OF TEMPUS LABS, INC.

Tempus Labs, Inc., a corporation organized and existing under and by virtue of the
provisions of the General Corporation Law of the State of Delaware (the “General Corporation
Law”), does hereby certify:

ARTICLEI
The name of the corporation is Tempus Labs, Inc. (the “Corporation”).
ARTICLE I

The Corporation was originally incorporated pursuant to the General Corporation Law on
September 21, 2015, under the name Bioin, Inc.

ARTICLE I

Pursuant to Sections 141 and 242 of the General Corporation Law, this Certificate of
Amendment to the Eleventh Amended and Restated Certificate of Incorporation (the “Certificate
of Amendment’) amends the Corporation’s Eleventh Amended and Restated Certificate of
Incorporation (the “Certificate of Incorporation”) as follows:

Article FIRST of the Certificate of Incorporation is hereby amended and restated
in its entirety to read as follows:

“FIRST: The name of this corporation is Tempus Al, Inc. (the “Corporation™).”
ARTICLE IV

This Certificate of Amendment has been duly adopted in accordance with Sections 141 and
242 of the General Corporation Law.

ARTICLEV

All other provisions of the Certificate of Incorporation, as currently on file with the
Secretary of State of the State of Delaware, shall remain in full force and effect.

[Remainder of Page Intentionally Left Blank]

State of Delaware
Secretary of State
Division of Corporations
Delivered 12:40 PM 12/07/2023
FILED 12:40 PM 12/0772023

SR 20234161120 - FileNumber 5810758
294375877 v2



IN WITNESS WHEREOF, the undersigned authorized officer of the Corporation has caused
this Certificate of Amendment to be signed on December 4, 2023.

By: /s/ Ryan Fukushima
RYAN FUKUSHIMA
Chief Operating Officer

SIGNATURE PAGE TO CERTIFICATE OF AMENDMENT
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