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[00535] All references cited herein are incorporated herein by reference in their 

entirety and for all purposes to the same extent as if each individual publication or patent or 

patent application was specifically and individually indicated to be incorporated by reference 

in its entirety for all purposes. 

[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 of equivalents to which such claims are entitled. 
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What is 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 (HLA) type of the human cancer subject; 

(C) determining a plurality of clones, and for each respective clone o in the plurality 

of clones, an initial frequency Xo of the respective clone a in the one or more samples; 

(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 o by a first 

procedure comprising: 

(a) identifying a plurality of neoantigens in the respective clone a; 

(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 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, 

(ii) computing a probability of T-cell receptor recognition F 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 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. 

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-O X40, 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 xu 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 a 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 (11) 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 of 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 HLA 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 x 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. 

21. The method of any one of claims 1-20, 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 human cancer subject is a ratio 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. 

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 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 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 1s 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 I MHC ina 

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(k)7 > exp [—k(a — |s, el)], 
ec 

wherein 

ais anumber that represents a horizontal displacement of a binding curve for 

the respective neoantigen, 

k is anumber 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+ > exp [一 kCGg — |s, el)] 
ec 

wherein, 

Disa 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 el 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) BLOSUM45 matrix, BLOSUM50 matrix, BLOSUM52 

matrix, BLOSUM60 matrix, BLOSUM80 matrix, BLOSUM90 matrix, a Percent Accepted 

Mutation (PAM) 250 matrix, a PAM200 matrix, a PAM160 matrix, a PAM120 matrix, a 

PAM100 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 a is 

computed as: 

F,= — max (A; X R;) 
fc Clone a 

wherein j is 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(t) = Va Xa expat), 

wherein T is a characteristic evolutionary time scale. 

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

32. The method of claim 30, wherein T 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 o 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 a 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 Q 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 

from the plurality of sequencing reads; 

(C) determining a plurality of clones, and for each respective clone « in the plurality 

of clones, an initial frequency Xo 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 a; 
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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 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 # 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) 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 « 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 ls 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 a 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 

whole-genome sequencing data and (11) 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 HLA 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 Xu of the 

respective clone win 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 function of the relative class 1 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 I 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 1 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 wildtype 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 from 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 I MHC ina 

training population having the HLA 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 > exp [—k(a — |s,e])], 
ec 

wherein 

ais anumber that represents a horizontal displacement of a binding curve for 

the respective neoantigen, 

k is anumber 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+ > exp [-k(a — |s, el)] 
ec 

wherein, 

Dis aplurality of epitopes, 

each respective epitope e is an from the plurality of epitopes that is positively 

recognized by T-cells after class I MHC presentation, and 

|s el 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) BLOSUM45 matrix, BLOSUM50 matrix, BLOSUM52 

matrix, BLOSUM60 matrix, BLOSUM80 matrix, BLOSUM90 matrix, a Percent Accepted 

Mutation (PAM) 250 matrix, a PAM200 matrix, a PAM160 matrix, a PAM120 matrix, a 

PAM100 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 for 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 o 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 a in the one or more samples; 

(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 a; 

(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 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, 

(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 a 
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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 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 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 au in the one or more samples; 

(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 a; 
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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 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 # 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 

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. 

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 o in the plurality 

of clones, an initial frequency Xo 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 a; 

(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 A 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, 

(ii) computing a probability of T-cell receptor recognition # 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 A of the respective neoantigen and the 

probability of T-cell receptor recognition & 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. 
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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. Anon-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 « in the plurality 

of clones, an initial frequency Xo 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 a; 

(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 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, 

(ii) computing a probability of T-cell receptor recognition FR 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 « in the plurality of respective clones based upon the recognition potential of the first 

neoantigen as the immunotherapy for the cancer. 

74. Anon-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 of 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 for 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 

(neoantigen-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: 

( computing an amplitude A 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, 

(ii) computing a probability of T-cell receptor recognition & 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 as a function 

of the amplitude 4 of the respective neoantigen and the probability of T-cell receptor 

recognition & of the respective neoantigen. 

79. The method of claim 78, 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 

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 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. 

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 I MHC ina 

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(sel-a) 
  Prpinding(S, €) = 

wherein, 

|s el 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; 

(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 Prpinding(s, e); and 

(d) computing the probability of T-cell receptor recognition & of the respective 

neoantigen as: 

R = 1- [leereppl 1 — Proinaing(s, ©) 1. 

wherein, 

IEDB 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, el 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'CD8" T cells, CD3*CD8*Granzyme-B* T cells, and polyclonal 
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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-LAG3 antibodies, anti-GITR 

antibodies, anti-OX40 antibodies, anti-CD40 antibodies, anti-TIGIT antibodies, and anti-4- 

1BB antibodies, anti-B7-H3 antibodies, anti-B7-H4 antibodies, anti-BTLA 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 is 

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 MUC16, 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 MUC16 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 ora 

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)(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. 

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 A 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 of 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=Z(k)*1 > exp [—k(a — |s, t|)], 
teF 

wherein 

ais anumber that represents a horizontal displacement of a binding curve for 

the respective neoantigen, 

k is anumber 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+ > exp[—k(a — |s,t])] 
teF 

wherein, 

Fis aplurality of T-cell receptor sequences, 

each respective T-cell receptor t is a T-cell receptor from the plurality of T- 

cell receptor sequences 天 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 of 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(k)"} > exp [—k(a — |s, t|)], 
teF 

wherein 

ais anumber that represents a horizontal displacement of a binding curve for 

the respective neoantigen, 

k is anumber that sets the steepness of the binding curve at a, 
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Z(k) is a partition function over the unbound state and all bound states of the 

respective neoantigen of the form 

1+ > exp[—k(a 一 |s,t)] 
teF 

wherein, 

Fis aplurality of T-cell receptor sequences, 

each respective T-cell receptor t is a T-cell receptor from the plurality of T- 

cell receptor sequences /, 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)(i11) as the product of the amplitude A 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)(i1i) as 

the product of the amplitude 4 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)(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. 

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 和 of the respective neoantigen. 
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| 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- | 

__BILA compound to the cancer subject. | 

aT 308 

ee 一 二 310 

| The cancer is lung cancer, pancreatic cancer, colon cancer, stomach or | 
| oesophagus cancer, breast cancer, ovary cancer, prostrate cancer, or liver | 

  

  

Obtain a plurality of sequencing reads from one or more samples from the human 

cancer subject that is representative of the cancer. 

  

  

Ke eee -一 | 314 
| The plurality of sequencing reads exhibits an average read depth of less | 
| than 40. l 

See a | 316 
[ The plurality of sequencing reads exhibits an average read depth of between | 

| 25 and 60. | 

v 一 318 
Determine a human leukocyte antigen (HLA) type of the human cancer subject. 

一 一 二 320 

I The HLA type of the human cancer subject is determined from the plurality | 

of sequencing reads. | 

| 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. |       

Fig. 3A
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@) 
家 324 

Determine a plurality of clones, and for each respective clone Qin the plurality of 

clones, an initial frequency X, of the respective clone a in the one or more samples 

一 326 

Each clone a in the plurality of clones is uniquely defined by a unique set of ] 

somatic mutations (e.g., single nucleotide variant or an indel). 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. | 

  

「328 

ee 7 330 

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 mutationinthe | 

| plurality of somatic mutations determined from the whole-genome | 

| 
| sequencing data and (ii) an identification of a plurality of inferred copy 

| number variations using the whole-genome sequencing data. 

332 

7334 
「 加 站 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 人 全 全 人 人 一 1 

LThe plurality of clones consists of between two clones and ten clones. | 

ee |" 

| The initial frequency X, of the respective clone a 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. |       
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 a by a first procedure comprising: 一 十 340 

338 
  

Identify a plurality of neoantigens in the respective clone a. 
广 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 

| 「 342 

| | Each neoantigen in the plurality of neoantigens of a clone in the plurality | | 

| 
| 
| 
| 

of clones is a nonamer peptide (332). 7 | 
一 一 一 一 二 二 二 二 二 二 一 二 二 二 二 一 二 二 一 一 二 十 344 

| 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. 

| (334), 
-二 -一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 - 

二 一 十 346 
  

Compute a cross Teactivity load of each respective neoantigen in the 
plurality of neoantigens in the respective clone a 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 

| 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 | 

OE 一 十 352 

| The function of the relative class I MHC affinity of the respective | 

| neoantigen and the wild fype counterpart of the respective neoantigen | 

| given the HLA type of the subject is a ratio of: (1) a dissociation l 
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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©) 
  

338 (cont.) 

346 (cont.) 

348 (cont.) 

  

  

| 

354 The dissociation constant between the respective neoantigen and the | 354 The d t tant bet th t t d th 

| | class IMHC 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 first classifier upon inputting into the first classifier the amino acid | pon inputting 

| 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 I MHC binding coefficient 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 | 

| Preinding(S， e) = 14+ e-kdsel-a) | 

| where, |s, el is a sequence alignment score between the sequence of the | 
respective neoantigen and the sequence of the respective epitope, and & and a are 
constants (e.g., @is set to 23 and 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 | 

| Prbinding(s,e); and (d) computing the probability of T-cell receptor recognition R | 

| of the respective neoantigen as: | 

| R = 1- [Jeereppl 1 — Proinaing(s, €)], | 
| where IEDB is the plurality of epitopes.           
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338 (cont.) 

| 356 (cont) 

一 二 360 

  

  

  

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. 

v 362 
Determine the corresponding clone fitness score of the respective clone @ as an 
aggregate of the neoantigen cross reactivity loads across the plurality of 
neoantigens in the respective clone a. 

    
      
  

  

  

一 一 364 

| The aggregate of the neoantigen cross reactivity loads across the plurality of 

| neoantigens in the respective cl clone Q is computed as: 
F, = 一 max (A; x R;) 

te Clone a 

| where / is an index iterating over each neoantigen in the plurality of ! 
| heoantigens in the respective clone a. 

一 一 十 366 

| The aggregate of the neoantigen cross reactivity loads across the plurality 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. | 

一 | 368 

"The aggregate of the necantigen cross reactivity loads across the plurality of 
| neoantigens i in the respective clone a 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). 

一 一 3 
| "The aggregate of the neoantigen cross reactivity loads across the plurality of | 
neoantigens in the respective clone a is computed as a nonlinear combination | 
of the cross reactivity load of all or a subset of the neoantigens in the plurality 

| of neoantigens.     
  

Fig. 3E



WO 2018/136664 PCT/US2018/014282 

8/150 

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 Xu 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. 圖 

一 一 十 374 
圖 | 

IThe 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(t) = Ze Xu exp(FaT), 
|where t is a characteristic evolutionary time scale. 

| 376 

| A lower total fitness score 1s associated with (a) a higher likelihood that the 7 

cancer subject will be responsive to the immunotherapy and (b) a longer term | 

survival ofthe cancer patient 二 二 二 二 二 二 二 二 二 二 二 二 一     
  

Fig. 3F
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Melanoma anti-CTLA-4 (Van Allen 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.) 
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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 AIA. 

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 (143 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 (29 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 (1136-38 

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; 142 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 ona multi-tile analysis (14139 discloses tiles comprises image data classified as 

belonging to one of two states -tumour or non-tumour; 940 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; 943 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 A1 hereinafter “Tunstall” referred to as “Pathxl” 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. (33 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 19]33 and 34). 

Claim 4: 

Tunstall discloses a method for tissue classification (1136-38 discloses tumour tissues and with 

non-tumour tissue) of a digital image of a slide (FIG. 3 and 9128-29 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 (143 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 (1443 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: 

  

eonfiguredte-perform classification on digital images of different zoom levels (133 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, 1 

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 col left, 9/2).
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Claim 6: 

Tunstall discloses the method of claim 4, the method further comprising: using a classification 

model (1936-38), for each tile, determining a classification from a plurality of classifications 

(139 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 (39 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 (175 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; 193 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 (168 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, 1128-29 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 (1136-38 disclose classification as tumour tissues or 

non-tumour tissue); 

generating a digital overlay drawing for the digital image (143 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 1136-38) include 

hmphecytecealsandncttbmpheertecalls. 

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 95-6). 

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 (178 and Table 1 

discloses immune cell markers CD20 B-lymphocytes and CD8 T lymphocytes ECP (EG2).
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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 115-6). 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 (136-38 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 人 28-29 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; 133 disclose partitioning 

1004 the first group of image data relating to tissue, into tiles); 

determining a predicted class for each tile (142 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 (168 discloses precancerous and/or 

cancerous cells); 

determining a predicted class for each of the plurality of cell objects (143 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 (140 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-ofthe-predicted-class-ofthe 

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 19139, 40). 

Claim 12: 

Tunstall discloses the method of claim 11, further comprising: sterng,in-atirst fle fereachtle, 

atte-pesitien and the predicted class of the tile; and stering,in-asecond He foreachcelt 

ebject, a polygon outlining the cell object and the predicted class of the cell object (26



Application/Control Number: 16/732,242 Page 13 

Art Unit: 2666 

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; 

147 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 41118). 

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 (143 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 (140 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."; 143 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 (人 42 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 1139-42).
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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 A1 hereinafter “Wenzel”). 

Claim 15: 

Tunstall discloses the method of claim 11, further comprising: generating a digital overlay 

drawing for the digital image (143); and 

displaying, in the digital overlay drawing, the-phiralttofties andthe sredicted class foreach 

tlethatdeesnetcorraspendiceacellebject 

and displaying, the plurality of cell objects and the predicted class of each cell object (168 

discloses the image data may include a multitude of normal components and/or structures. 

such as cells, ducts, and/or the like, and a number of non-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 (197-10 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 15). 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 (9143). 

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 9103).
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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 A1 hereinafter “Everett”). 

Claim 17: 

Tunstall discloses the method of claim 11, further comprising: generating a digital overlay 

drawing for the digital image (43 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), whereinthe-digitaltoveray drawing incluides-a 

generated version of the digitalimage; and displaying the digital overlay drawing (143). 

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 (69 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 19). 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 a-phialt;ef digital 

overlay drawing|[[s]] for the digital image (43), where each digital overlay drawing corresponds 

to a different predicted class (19161, 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 ((171 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 (9143), where+hedigitaloverlay drawing comprises percentages-of 

predict classes (1161, 63-64 discloses a posterior probability of corresponding to a tumour 

region or non-tumour region) cerrespendingtothe-digitalimage. 

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 (117, 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 

12-4). 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 943), where the digital 

overlay drawing comprises total counts of predict classes (Tunstall 91161, 63-64 discloses a 

posterior probability of corresponding to a tumour region or non-tumour region) 

corresponding to the digital image (Dolan 1117, 142 discloses overlaying, the population 

percentage map onto the mortality or adverse outcome rate map thereby generating an 

overlap map; 99119, 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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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 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, Illinois GO0606-6357 
(312) 474-6300 
Attorney for Applicant



DocuSign Envelope ID: 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 圖 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 (Optional): 

/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 ID: 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 圖 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): 
    

/Irvin 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 ID: 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 圖 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 (Optional): 

/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 ID: 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 圖 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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desi 1 HORS: in seepert at ether dksignisied ee 

  

    

   

  

  

     

    

by Office, sse www. wips.int/perentexisAime | ants, hte and the Per 7 Appi leant s Guide, National | Chapters. 

Within 22 mouths from the priority date, the apples ai may fequest that 3 supplementary inter national {search be carried out 
by a dil ered international Searching Ant 
internahedal search is described in the 六 

    

  

  

Name and mating address of the ISA/US Authorized officer 

i Mail Stop PCT, Attn: ISAVUS 
L Commissioner tor Patents 
P.O, Box 1480, Alexandria, Virginia 22243-1450 

Facsimile No, 871-272-8300 Telephone No, PCT Helpdesk: §74-272-4306 

Lee Young         

Form PCTASA/220 (revised January 2020)



PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 

AU BT STEPHENS ~ PC T 
MARSHALL, GERSTEIN & BORUN LLP 
233 S. WACKER DRIVE 

  

6300 WILLIS TOWER _ NOTIFICATION OF TRANSMITTAL OF 
CHICAGO, IL. 60606-6357 THE INTERNATIONAL SEARCH REPORT AND 

THE WRITTEN OPINION OF THE INTERWATIONAL 

SEARCHING AUTHORITY, DR THE DECLARATION 

(PCY Rule 44.1) 
  

  

    

  

Applicant’s or agent’s fle reference 
. eae FOR FURTHER ACTION See paragraphs J and 4 below 

328307553047PC ‘ paragrap c 

  

  

international application No. 
hee Bont pias’ she Ke ~ a any 
      

Applicant TEMPUS LABS, INC. 

    

  

1 The apphoant js hereby notified thai the international search report and the written opinion of the International Searching, 
Authority have been established and are transmitted herewith. 

Filing of amendments and statement under Articts 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international apptication (see Rule 46): 
When? The time limit for fling such amendments is normally twe months from the date of transmittal of the international 

search report, 

How? Directly to the International Bureau preferably through ePCT, or on paper to: 

The International Bureau of WIPO, 34, chemin des Colombettes, 1211 Geneva 29, Switzerland 

For more detailed instructions, see the PCT Applicants Guide, international Phase, paragraphs 9.004 - 9.011. 

2. ry The applic ant is hereby notified that nao international search report will be established and that the declaration under 
Article 17(2 a) to that effect and ihe written opinion of the Intemational Searching Authority are transmitted herewith, 

sa
t a: With regard to any protest against paynient of (an) additional fee(s} under Rule 40.2, the applicant is notified that: 

ry the protest iagether with the an th has been ieupamitted to the lnfemational Sireau together with any request 
ip darward the $ aude of hath the protest and ihe decisitin thevcan to the dex DS CH 、 

im AO GIEHAL Os BSSn nade yar On the protest; the applicant will he notified as soon as a decision is made, 

         

        

4. Reminders 

jhe Sagphicantwiay se bent contents oR air informrad fies 
iOS 說 這 ad 

  

pon the wridtes apiaion ofthe international Sesrching Authority is 
dabie to the subhic affer inigraatinial publicatuin. The interuonal 

sated CHfices unless an international preliminary examination report has 

    

      pal Borean, These caatments will te med 
Bares AS to al} en 

    
    
    

  

     

besnior iste bee asa 

Streaky iy diate, the inesmnaiienal application WHT Be purblietind k 
Intere ional Bore 以 ee SEE Si AV of tie intematios eee        

    
     

   

       
orotthe pricey clay, must eeaak the tniernations 
publication (Rules SQbis.7 and 805is.3). 

Withie DF mianths front the prior 
eXAminsilen past he Hhed Phe gy 

que GRioew even iter: oiber hepa 

irean. hetbre the-cor so atthe iechnical preparations for is 

  

   

  

Ye ead Wy infenrational Grodan by 
Phase until MP morthy srorr ihe ROSS 

9 thé priory late NA aS presoriad 
acts for esiry inte the mationst phase nefors the sa of her degienated Ohlees, the dine Heit? 
38 months (or later} wt even ifne demand ix filed within 19 : onthe, Por details about the applicable time Hmits, Office 
ed oes, SEE WNW. wipe. Re iits htenl and the PCT Applicant's Guide, NationalG bapters, 

ant muy Pegesh Ehata supplementary international search be carried out 
soles te be ute foc requesting supplementary 
aga. fi BOS 8.032. 

   

    

    
      

  

     

     

    

  

  

      

Name and mailing address of the ISA/US Authorized officer 

Mail Stop PCT, Atin: ISA/US 
Commissioner for Patents Lee Young 

P.O. Bax 1480, Alexandria, Virginia 22313-1450 

Faosimile No, 571-273-8300 Telephone No. POT Helpdesk: 574-272-4300          
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

{PCT Articie 18 and Rules 43 and 44) 

  

  
  

    
  

Applicant's or agent's dle referdise POR FURTHER ACTIGN | 

3328307155304/PP see Form PCTASA/220 as well as, where applicable, item 3 below. 

international application No. International filing date (diapymonth‘4vear} | (Barliest) Priority Date tdayimonihiveds) 

POTAIS 20/24748 25 March 2020 (25.03.2020) 28 March 2019 (28.03.2018) 

Applicant 
TEMPUS LABS, INC. 

  

  

This international search report has been prepared by this International Searching Authority and is tansmitted to the applicant according 
io Article 18. 4 oopy is being transmitted to the International Bureau. 

  This international search senprt consists of a-totak of SS _. Shoes.     

Py itis also ascoipunied by a copy Cited in this report. 

  

i, Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

Sv the international application in the language in which it was filed. 

  

[| atranstation of the international application inte _. Which is the language of 

atrarisiation Furnished for the purposes of Intemational search (Rules 12.$¢a) and 23.953). 

This international search report has been established taking into account the rectification ofan obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43.64is(ay}. 

人 , ri With regard to any nucleotide and/or amine acid sequence disclosed in the international application, see Box No. 1. 

2, Certain claims were found umsearchable (see Box No. UY}. 

3 Unity of invention is lacking (see Box No. 11). 

4. With regard to the titfe, 

the fext is approved as submitted by the applicant, al ， 
Pj the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

Poe | the text is approved as submitted by the applicant, 

| the toxL has besk established, aesoyding io Rule 38.2, by this Auherlty as it appears 证 Bes: 
within one font Ioan the date-afimailing of this international seurek report, subrmit coms 

      

6. With regard to the drawiags, 

a, the figure of the drawings tc be published with the abstract is PigureNo.? 

PI as sugpesied by the applicant. 

as selected by this Authority, because the applicant failed to suggest a figure, 

還 | ag selected by this Authority, because this figure better characterizes the invention. 

b i none ofthe figures is to be published with the abstract.       

Form PCTASA/Z 16 (first sheet) ay 2019}



  

INTERNATIONAL SEARCH REPGRT | International application Na. 

POTS 201324748 

    

t Box No. HE Observations where certain claims were found unsearchable (Continuation of tem 2 of first sheet} 

  

t This international search report has not been established in respect of certain claims under Article 17(2){a} for the following reasons: 

1. | 个 Nes. : 
ecause thay relate to subject matter not required to be searched by this Authority, namely: 

  

  

2. | Claims Nos.: 

because they relate io parts of the international application that do nat comply with the pres 

extent that no meaningtil international search can be carried out, specifically: 
ri      bed requirement 

3. | Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6 Ala}. 

  

Bex No. RE Observations where unity of invention is lackiag (Continuation of item 3 of rst sheet} 

  

This Internalional Searching Authority found multiple inventions in this intemational application, as follows: 

sae exta sheet 

3 | As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

be
 

} As all searchable claims could be searched without effert justifying additional fees, this Authority did net invite payment of 
additional fees. 

    

    3 | | As only same of the P oh were ticity paid by the applicant, this intemational search report covers 
only those claims for which Sex were'paid, spécikeally clpiwg Nos: 

  

Norequired aif ch feexawere timely paid by the applisaat. Consequently, this intemational search report is restricte 
to Hae Ruvention inst mentioned inthe Slgnms, A is covered by claims Nos 
1-29 and 741-84 

      

Remark on Pretest The additional search fees were accompanied by the applicant’s protest and, where applicable, the 
payment of a protest fee, 

The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation, 

D
I
 

No protest accompanied the payment of additional search fees.       

Form PCTASA/Z10 (continuation of first sheet (2) Guly 2019)



  

INTERNATIONAL SEARCH REPORT international application No. 

POTUS 20/24 7488 

    

LA. CLASSIFICATION OF SUBJECT MATTER 

PIPE - GOSF 19/00 (2020.04} 

GPG - GOSK 9/4628, GOST 2207/30061, GOBK 9/6273, GOSK 9/6286 

According to International Patent Classification GPC) or to both national classification and TRC 
  

B. FIELDS SEARCHED 
    

  Minimum documentation searched (classification system followed by classification symbols} 

See Search History document 

  

| Documentation searched other than minimum documentation to the extent that such documenis are inchided in the fields searched 
See Search History dasument 

  

Electronic data base consulted during the international search (name of data base and, where racticable, search terns used} § Pp 3 
See Search History document 

  

  

&. DOCUMENTS CONSIDER, ED TO BE RELEVANT 

  

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

Y US 2049/0087532 Ad (Case Westem Reserve University} 21 March 2013 (24.03.2019) entire 4-28, 71-84 
document (especially para [0022], [0050], 100591 [0409}-[04 15), [04 24}-101257. 

Y WO 2018/165103 At (UNIVERSITY OF SOUTHERN CALIFORNIA} 13 September 2018 1-28, 74-Bd 
(13.09.2018) entire document (especially para [0058)-{00680), fo083]- {OCES], [OG6S}-[072}, 
{0076}, {004137} 

    
  

  

        

     
   

      

    
    

   

    

  

   

  

   

  

A US 2018/0239049 A1 (CELLANYX DIAGNOSTICS, Lhe) 23 August 2018 (23.08.2018) entire 1-29, 71-84 
document 

A US 2018/0340870 Ai (Ventana Medical Systems, Inc.) 28 Novernber 2018 (29.11.2018) entire $ 1-29, 71-24 
idocumerit 

| Further documents are hsted in the cantinuation of Box C, mI See patent family annex. 

* Special categories of cited documents: “ye 
“AY document cdofining tha gengral state of the art which is not considered 

to be of gi ! 

“D' document o pplicant in the international appliostion “x OF pautiant relevance; the chajmesk inventions 
“EY earlice applica ation of patent but published on or affer the international Sx evel a eens be conzide redig vvaatve an in 

Alingdans 2 Shar 

Baca whieh hae theo. doubts on p GERD iS} or Ww ish SY? 
i it: 

      

  

   

  

ies RRS Sau 
SRO 

      
       
   

     combing SOT Ey spel ER 
being: of “CO” document referring ta an oral disclosure, uss exhibition avather means 

“PY docusnent published prior to the international fling date but later than ““&" document meander of the same patent family 
the prlasity date claimed 

  

  

  

  

Date of the actzal completion of the international search Date of mailing of the international search report 

20 July 2020 (20.07.2020) 
0 3 A U G 70? 0 

Name and mailing address of the ISA/US Authorized officer 

Mail Siop PCT, Attn: ISA/US, Commissioner for Patents Lee Young 
P.O. Box 1450, Alexandria, Virginia 22213-1456     Facsimile No. 574-273-8300 Telephone No. POT Helpdesk: 571-272-4300     

  

Fora BEY cand sheet? aly 20719}



  INTERNATIONAL SEARCH REPORT C Tnternational appli sation No. 

PCTAIS 20/24748 

    

Continuation of Box {lk Lack of Unity 

| 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 13.7. In order for ail inventions to be searched, the appropriate additional search fees must be paid. 

Group [: Claims 1-29 and 74-84 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 biornarker, 

    

Group I; Claims 30-40 and 85-95 are drawn to clustering the received molecular training dataset to identity 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 sarnpie. 

Group Hl! Claims 44-70 and 98-118 are drawn to a deep learning framework to classify different biomarkers, predicting a biomarker 
classification for each tied Image and using the prediction to generate a report including the image and digital overlay visualizing the 
determined predict presence af blomarkers in the tissue. 

The inventions listed as Groups | through Hl do net relate to 2 single general Inventive concept under PCT Rule 13.4 because under 
POT Rule 13.2 they jack 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 madels to classify tied images of tissue and 
identify celis 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 i 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 il is a deep learningframework to classify overert biomarkers, predicting a biomarker 
classification for each ied Image and using the prediction to generate a réparl iNekdhy the image and digital overlay visualizing the 
determined predict presence of biomarkers in the tissue, not present in any other aroun 

   

Cammon Technical Features: 

-Groups | through 1, 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 blomarker/cell classifier 
model and identifying a predicted presence of one or more biomarkers for the tissue sample. However, this shared technical features 
toes nat represent a contribution over 

US 2078/0230848 At (CELLANYX DIAGNOSTICS, LLC) (hersinafier Cellanyx} 2% August 2018 (23.08.2018) in view of 

US 2078/0340876 AT (Ventana Medical Systems, inc.) (hereinafter Ventana) 29 Novernber 2048 (29.11.2018) 

Cellanyx teaches a computer-implernented methad/computing device of identifying biomarkers in a digital image of a stained slide of 
target tissue (para [0043], [0023], [0153], [6157], {6472}, (62273, (0232), comprising: 
the trained imagebased blomarker/cell classifier moda! and identifying a predicted presence of ane 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 ceil IDs (le cells identified 
Suting the at temokinng process}, and the colurans include the incividual biomarkers measurest for each of those calls, edits (O17 3 ee 

f aging abnormal cells may thet be fed Y through a eee, eon that cormlanes ch biomarker chatacieristing of 
i : wath a draining set of 

ie OS thse ey Be & 

  

         

      

   

   

      matter at 19488 
Soussed as atl feast the fatins 
ACT SER Na aks. Bateman machine 

MOIETY 
Hand engin {RE}, However, Vetiana in an analngous asi, teaches hematoxylit and aosin (HAE) 

fou ae been obvious isme. at Skill in the art ig heerecrnndified the eystern of Sellanyx by including 
Hematoayin a na eos (Heb) as iaught by Vernlana because the modification would pecmiis in a manner that SER microseagic 
detection of the biomarker or other structures in the context of the crats-seotional reladriship between the structures. of the RSE 
sample (Ventana, para [0028)}. 

        
   

  

     

  

    
  

  

Grou band Hishern. the Lachnical feature a oompuberinmiglernenied mathadfoompcdticg steying of idenihing biomarkers in digkal Me 

AN aril eosin nee) mained Wide of target Ussue, tye method ; abi its 
SS predict ibe 4 ANS Cf MOS praca 7 Be Schuring an Mage HAG process 3, HNGG the ne or mare RS 
这 让 全 RSS BEES phuratidy af We images, wher S each of the plurality of tle images contains a 
different portion of the 則 iaital image); classify tissue/biomarker, the plurality of tle images to a deep learning framework comprising one 

| ar more trained deep | learning classifier models; identifying a predicted presence of one or more biomarkers associated with the digital 
| image (2.9. the output of imaging provides data grouped into the m- DY- array, where the rows include cell lbs.. However, this shared 

technicai features does not represent a contribution over Gelianyx in view of Veniana. ， 

        

     

       

~see extra Sheaet       

Form PCTS A/210 (extra sheet) (uly 2019)



  INTERNATIONAL SEARCH REPORT international application Nov 

PCTAIS 20/24748 

    

-see@ preceding sheet- 

Cellanyx teaches a computer-impiemented method/computing device of identifying biomarkers in digital image of a stained slide of 
target Ussue (para [0013], [0023], [0153], [0187], {61721 [0227], [0232)), the method comprising: 
receiving the digital image to an image-based biormarker prediction system having one or more processors fe.q. The cells are then 
analyzed on the chip using, for example, automated light/fluorescent micrasc oaded to, or accessed in a 
database by, a progear i Gals TAPP values, gars [O47]; 

  

       

    

RAEN! 

    

§ Oy } 
biomarker data frorn each singis cell is fed into a trained random forest classifier. Each 

    

        

    
TAINeS deap Isard: 
ie 

    

   
    

    
   

   

    

: Othe cal witty ala 
i 4 AS ) RE 

RS en tachniques that may be empingsd Melude tin aditio 
to others disnduseed! herein} atiesst the falowing techniques: avenged one-dependence estimators {(AQDE), aril 4 
{2.g., backpropagation, aitearicadears, Hepfieid nebvorks, Boltzmann machines, Restricted Boltzmann Machines, Spiking neural 

       

   
Key    

     

networks), para (O185}-(0487p; 

    

analngous afi, teaches hematugiin aed Soni HAE) 
2 PRE IRN the systarn at Callanys by ingluding 

SEARS -IN'S crane thal permite: RE 
wi the cross-sectional relationship between the structures of the tissue 

            

  

     

  

       

hamdasylia and eosin {HAs} astaught by 
dgtanion of the biome ker-or other sinatianes i the cant 
sample (Ventana, para [0028]). 

  

  

Thus, undy of invention is tacking under POT Rute 14.4 beesuss Groups | through 日 do not share a Sains or carrespancing special 
technical feature that would de a.ualving contribution aver ihe prior art Nore of these serial tectinidal featurag_are. common to the 
apher groans, 
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8300 WILLIS TOWER WRITTEN OPINION OF THE 

CHICAGO, IL 60606-6357 INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43 4is.1} 

      

同 0 
Applicant's or agent's file reference - } FGR PURTHER ACTION 
  

    B2B30/8S304/PC See paragraph 2 below 

international application No. ww" International fling date (dayononthiyear} VPriority date (day/month’year) 

PCT/IUS 20/24748 25 March 2020 (25.03.2028) 28 March 2018 (26.03.2019) 
      

| Intemational Patent Classification (PC) or both national classification and JC. 

wo . GOSF 19/06 (2020.64) 

CPC - GOSK 9/4628, GOST 2207/30061, GOSK 8/6273, GOGK 9762868 

  

Applicant TEMPUS LABS, INC. 

  

  

{. This opinion contains indications relating to the following items: 

Box Mo. | Basis of the opinion 

Box Na. Ho Priority 

Box No. fi Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Box No. (Vo Lack of unity of invention 

Box No. V—- Reasoned statement under Rule 43.bis. 1 (a i} with regard to novelty, inventive step and industrial applicability: 
citations and explanations supporting such statement 

Box No. Vi Certain deouments cited 

Box No. Vii Certain defects in the international application 

Box No. VII] Certain observations on the international application C
I
O
 
K
I
K
I
 

           
  

   

  

      

  

  

2. POURTRER ACTION 

iP & demand for international profiainary-exactination fs made, this opinion wil be considered to be a written Spinkis of ths 
sary Baamining Ashe IPEA’Y except that this dees hetapply where the appiioant chooses AA 

other thag-tNs Ons t7 Bathe IPRA and the cheaes as notified the lat ernational Bareaw under “Run OS LANDY that writen 
opinions of this International Searching Authority will not be so considered. 

if this opinion is, asprayvids xd above, considered to be a written win of the (PEA, the applicant: ‘ite be submit to the (PELA 

a written reply toge thar whens appropriate, with amendments, kr the expiration of 3 manths fi the date. of mailing of Form 

PCTVISA/220 or before the expiration of 22 months trom the priority date, whichever expires tater, 

For firther options, see Form PCT/ISA/220. 

Name and mailing address of the ISA/US Date of completion of this opinion Authorized officer 

Mail Stop PCT, Attn: ISAS Lee Young 
Carmmissionar for Patents ‘ 3 a 2% 
P.G, Box 1450, Alexandria, Virginia 22313-1456 26 July 2020 (20.07 2020} PCT Help Desk 

Facsimile No. 574-273-8300 . 7 Telephone No. §74-272-4300           
Form PCTASA/237 (cover sheet) (revised J anuary 2019)
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Box No. i Basis of this opinion 
  

1. With regard to the language, this opinion has been established on the basis off 

the international application in the language in which it was filed. 

P| a translation. of the international appliegtion into which is the language ofa translation 
33 

farnished for the purposes of Intentional search (Rules 12 3a) and 23. 4(b)). 
  

2. | This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 
this Authority under Rule 91 (ule 43 6is. 1fb}}. 

3. i With regard to any nucleotide and/or amine acid sequence disclosed in the international application, this opinion has bean 

established on the basis of a sequence listing: 

a. rt forming part of the intemational application as filed: 

【 in the form of an Annex C/ST.25 text Ale. 

| on paper or in the form of an image file. 

b. furnished together with the iernational application under PCT Rule l3zervi{a) for the purposes of intemational 

search only in the daenx of an Anas C/ST.25 text file. 

& P| furnished subsequent to the international filing date for the purposes of international search only: 

ry in the form of an Annex C/ST 25 tent file (Rule l3rer. Lay). 

[ on paper or in the form of an image file (Rule E3ver.1(b) and Administrative Instructions, Section 713), 

4, [「 In addition, in the case that more than one version or copy of a sequence listing has been filed or fammished, the required 

statements that the igormation in the subsequent or additional copies is identical to that forming part of the application as 

Bled or does not go beyond the application as filed, as appropriate, were Aumnished. 

5. Additional comments: 

    
  

Porm PCT/ISA/Z37 (Box Na. tj (revised January 2019)



  

WRITTEN OPINION OF THE International application Ne. 

INTERNATIONAL SEARCHING AUTHORITY POTIUS 2024748 

  
  

Box Ne. FY 9 Lack of unity of invention 

  

q, re In response to the invitation (Form PCT/ISA/206) to pay additional fees the applicant has, within the applicable time Limit: 

i | paid additional fees. 

| paid additional fees under protest and, where applicable, the protest fee. 

[| paid additional fees under protest but the applicable protest fee was not paid. 

x not paid additional fees. 

2. | This Authority found that the requirement of unity of invention is not complied with and chose not to invite the applicant to 

pay additional fees. 

人 3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13,3 is 

[「 complied with, 

not complied with for the following reasons: 

This application contains the following inventions or groups of inventions which are not se linked as to form a single general Inventive 

concept under PCT Rule 13.4. in order for all inventions to be searched, the appropriate additional search fees must be pald. 

Group isGisims 1-28 and 71-94 are drawn to taining deep learning multiscaly classifier models to classify Hed Images af tissue and 

| identify eeis'and based on the tissue dassifications and cells identifying @ predicled presence of 3 siormarker. 
  

  

GPoli i: CHING 30-40 and 88.98 arg deawn to clustering th 
usiig ihe ganarated biomarker classitier model on the re 
biomarkers in the subsequent tissue sample. 

      
       

    

cular training datasat te Identify ihe differant biomarkers and 
ui digital image io identifying a predicted presence of 

acelved rie 
ees subseqy    ng 

  

人 

  

  

Group ih Claire 44-70 and 98-118 are drawn to a deep learning frarnework io classify different biomarkers, predicting a biomarker 

classification for each tied image and using the praciction to generate a report Including the image arid digital overlay visualizing the 

determined predict presence of biomarkers in the issue. : 
    

The invantions listed as Groups | through ill do not relate to a single general inventive concept under PCT Rule 13.7 because under POT 

Rute 13.2 they lack the same or corresponding technical features for the following reasons: 

             
Special Technical Pestunas: . 

EOP Ra Spe achnical feature of Group | is training deepteaming mullisesle clussifier models to classify tiled images cf issue and identify 
  

      aaue classikeations and cells ide menos. ofa biomarker, aakpresent in any other group.” 

  

pats wad based an ving a prestinted ; 

         The anecial igchnles! feature of Gem iis clustering tid! af jralscuiat isgiting dalaset to 說 DU ihe diferant bismarkers and 

using the gahessisd ‘bamarker classifier raadel or ihe: canslead subsequent digital image to id in a stedicied orssence of 

Diiiaikers iv The subasiquent asus saris, NOt prasart ER otter group. 
   tis

 

     

  

The special techtieal featire of Graun ill is a deep leamningframawerk to classify different biomarkers, predicting a biomarker 

classification foreach. tied image and using ihe prediction to geterste a report including the image and digita! overlay visualizing the 

determined predict presence of biomarkers in the tissue, not present in any other group. ， 

Common Technical Features: 

      cd kaha coniguier-inplemiantéed method computing deace of idanitvng Seciarhers ina cighal 
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ated presence cf Aneot mets Momarkers for the Nesue sam er Us shared dechoticed Ingiurag dags not 
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US 201870239948 AT (CELLANY™ DIAGNOSTICS, LLC) (hereinafter Cellanyx) 23 August 2018 (23.08.2018) in view of 

US 2018/O340870 Ai (Ventana Medical Systema, inc.) (hereinafter Ventana) 29 November 2016 (28.11.2018) 

-See supplemental bax- 

4. Consequently, this opinion has been established in respect of the followimg parts of the international application: 

| all parts. 

the parts relating to claims Nos, 1-29 and 74-84 
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Box Noe. V Reasoned statement umder Rule 436is.1 (ay) with regard to novelty, inventive step and industrial applicability; 

cHations and explanations supporting such statement 
  

  

  

  

  

  

  

  

te Statersent 

Novelty 《Ni Claims 1-29 and 71-84 YES 

Claims None HG 

inventive step (1S) Claims None . YES 

Claims 4-29 and 71-84 NO 

Industrial applicability (1A) Claims 1-29 and 71-84 YES 

Claims None . . MC 

i 2, Citations and explanations: 

    Claims 1-29 and 71-84 lack an inventive step under PCT Article 33(2) as beingictivious over U8 S04 9/008 7582 At io Case Wastern 

Reserve University (hereinafter Case) in view of WO 2016/165103 Al to UNIVERSITY OF SQUTHERN CALIFORNIA (herainatter 

California). 
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| AS pat claims 2 and 72, Case teaches wherein perfirning the imeqe tiling process on the digital image comprises applying a tiling mask to} 

the digital image, fo separate the digital image inks the guratiiy of Re images (para [0032], 10039)) } 

  

As per claim 3, Case teaches wherein the tiling mask comprises tiles of the same size (para (0032), [0029]}. 

As per claim 4, Case ieaches wherein the Hing mask comprises tiles of differing size (para {0032}, (0039). 

   

As per claim 5, Case ieaches wherein the tiling mask comprises tiles having a rectanguiar shape {nate 3 To391 
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| In case the space in any of the preceding boxes is not sufficient. 
Continuation of 

Box V, 2: Citations and Explanations 

As per claim 6, Case teaches wherein the tling mask comprises ties characterized b by topology and/or morphology of pixels or groups of 
pixels (para [0032], [(0038)). 

    
     age SR (pars {0 

RS      

  

As per claims 8 and 73, California teaches further comprising training the one or more trained deep learning multiscale classifier models 
by: 
i receiving, at the multiscale deep learning framework, a plurality of HAE slide training images from a training images dataset, each H&E 
siide training Image having a label corresponding to a biomarker to be trained {para poset ee ‘ ances SF fO045)); sutierming She-tased 
tissue classification analysis on each of the H&E slide training ; rming-s:pixel-basad cell 

    
     

   

   

  

  

  

       aRgmenhainn SN On Bak he HAE slide inining images sais “PRRs SO}, 58s} Honally performing a tile-based 
US ee ne images fare. 0020) st SSSR ang   
ih response, 9 g Nest AS et SIN 和 和: 

As per claims 9 and 74, California teaches wherein each H&E slide training image comprises a plurality of tile images each having a Hle- 
level label (para [0020}-[0022), [0076], (06113). 

As per claim 10, California teaches furlher camprising, for each H&E slide training | image, imputing a tile-level label for each of a plurality of 
tile Images of the H&E slide training image (para [O0201-[G022), {0078}, 00173). 

  

orpracess that AS per chain " and 75, Caltornia teaches further comprising: for each H&E side tra ning image, pertueming a tle-se 

j inferred class g image aa 02 說 {0022}, (OUTS), PITS}; based 
dak = perform 9 INe SHe-basad tissu 

: fon anatysh 
ae POSS, {S078}, $901 13). 
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As per claime 12 and 76, Calioreie:tesches further earap 3 trainiig 
by: receiving a molecular training dataset for a plurs tyoot Gaining tise 

transcriptome counts from sequencing of a substantially similar samp 
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AS per clair 13, Califomia teaches wherein the one of the one or mure trained deep learning muttiscale classifier madeis are each 
configured as a tle-resoi ution Fully Convolutional Network (FON) classification madal (para [0050], [(O0108]-1001 10}. 

[As per claim 14, Califomia teaches wherein the trained deep learning multiscale. classifier medels are eackeirsined to : olassily teasing as 
DOSE io 4 classification auieniad ne of tumor, SSG NS lymph fat, muscle, bised vessel, 
ineniuns -chister, necrosis, hyperplasieSyspigsia, aril Ted Diwel cells (para (0059), [0079}-{008 1). 
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As per claim 16, Case teaches wherein assigning the cell classification to one or more pixels within the tile | image comprises: 
identifying, using the one or more processors, the one or more pixels as a cellinterior, a cell border, or a cell exterior and classifying the 
one of more pixels as the cell interior, the cell border, or the cell exterior (para [FtO9)}-107 19). 

As per claim 17, Case teaches wherein the trained cell segmentation model is a pixelresolution three-cimensional UNet classification 
model trained to classify a cell interior, a cell border, and a cell exterior (para [109]-{0113]). 

iy witty ve 全     器 KK iis trained eet 
         

         

  

       村 cetiaesisars, a register <n BEST 
cal ie sider of each al deterr 号 a centroid of each cell, and shifting ER SEAS Js We & universal cognate Sa ier thes 
digital image (para (Ot 05} 40443), 10424}-10125)). 

-Caontinuation in next supplemental box-       
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Continuation off 

-Continuation in preceding supplemental box- 

As per claim 18, Case teaches wherein the trained ceil segmentation model is trained using a set of H&E slide training images annotated 
identifying celt borders, cell Interiors, and cell exteriors (para {0032}, [00399}; para [O108]-(0113], [0124][04251)， 

As per claim 20, California teaches wherein the digital image is an unlabeled digital image or a slide-level labeled image (para [0020}- 
 [OO22}, {0076}, [90413)). 

As per claim 21, California teaches wherein the digital image is a tleevel labeled image (para [G020}-[0022}, (0076), [O0413). 

AS per ofaiii 28 and TF, Calfociia ieactieis wherein the one or more biomarkers are selactad from the group consisting of turer 
erate PEs}, es (NC) ratio, ploidy, signet ring morphology, and. pragramimead deathdigand 1 (PU 

S83, 
      

     

  

    [RE 

As per claim 23 and 78, California teaches wherein the one or more biomarkers is TI Ls, the method further comprising: 
identifying, using the one or more processors, lymphocyte cells within the digital image using a trained lyrnphocyte segmentation model, by 
integrating, using the one or more processors, the cell borders identified using the cell seqmentation made! with the lymphocytes identified 
using the lymphocyte segmentation model and generating, using the one or more processors, a nested classification of each cell (para 
{0058}-O060], [O063}-{O066}, [(606S)-[00723). 

Ag par aime: 24: and 78, Gal 
{he Ne G wt 

  

  

   

As per claims 25 and 80, California teaches wherein the one or mors biomarkers is Ti Ls, the method further comprising identifying, using 
the one or more processors, lymphocyte cells within the digital image using a trai lymphocyte segmentation modal, wherein the 
lymphocyte segmentation model is a pixel-resatution two-dimensional UNet classification model trained to identify a lymphocyte cell 
classification within a ceil border and a non-lymnphocyie cell classification within a cell border (para [in058]-10060]， {CO63}-{C066}, [0069)}- 
{00724}. 

  

LAS per claims 26 and 61, Case teaches wherein the one or more procexaats are one or more graphics processing units (GPUs), tensor 
processing units (TPUs)}, and/or central processing units (CPUs) (para 19538). 

        

Ag. Sercdanns 2 and 82. Case feaches wherein he 
AR 

As per claim 28, Case teaches wherein the image-based biomarker prediction systern is contained within a pathology slide scanner system 
{para [0101}-[O108); para 上 022 

As per claim 29, Case teaches wherein at least one of the one or more processors of the image-based biomarker prediction system is 
contained within a pathology slide scanner system (para [0101]-{0106]; para [10022]). 

As per claim 63, Case teaches wherein the computing device is contained within a pathology slide scanner system (para [O10710108; 
para [0022)}. 

As per claim 84, Case teaches wherein at least one of the one or more processors of the computing device is contained within a patholagy 
slide scanner system (para fOTOT{O106); para [O022)}. 

Claims 1-29 and 71-84 have industrial applicability as defined by PCT Article 93(4) because the subject matter can be made or used in 
industry.       
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Box NV: Lack of Unity 
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   Ce hara (002 8). 

   
Thus, unily of invention is lacking under PCT Rule 13.1 because Groups | through Hl do not share a same or corresponding special 
technical feaiure that would provide a unifying contribution over the prior art. Nane of these special technical features are common to tt 
other groups.     
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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 Il: 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 lil: 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 I|| 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-impiemented 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 fram 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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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 Cetlanyx 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 example, 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 differant 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 川 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 learning 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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(57) Abstract: A method assessing tissue morphology using machine learning 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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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 classifying types of 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, 

computer vision approaches applied to H&E images can detect cancer metastases 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 HER2 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 complete response to tamoxifen therapy’ ’. Moreover, 

IHC 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 trained machine learnable device. The status for the diagnostic feature of a stained tissue 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 feature maps for 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 least one 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) datasets, it was found that the pipeline 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 

HER2, cytokeratin, Ki-67, and molecular phenotypes° used in current clinical workflows (luminal A, 

luminal B, basal, and HER2 positive). The approach can also be applied to predict response or survival 

variables directly, such as 5Y survival, or days to recurrence following administration of 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 (e.g., nuclear, 

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 seek 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 to 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 

revealed that the DNN learned to correlate large pleomorphic 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 few samples. 

DRAWING DESCRIPTIONS 

[0015 ] FIGURE 1. Schematic illustration 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%CI=0.56-0.85), 3B) IDC-Test dataset (AUC=0.72, 95%CI=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 Correlating nuclear morphometric features 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 

eosin stained tissue are processed by a nuclear segmentation algorithm. Each nuclear feature is measured 

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. Schematic 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 example of convolutional and max pooling operations. 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 for cross validation during 

the training process (gray) and 80% of the training data were used for training (black). Starting at epoch 

825, 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. 

99 66 
[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 

methods described below, as specific components and/or conditions may, of course, vary. Furthermore, 

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 are 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 | “THC” means immunohistochemistry. 

[0040 | “ML” means machine learning. 

[0041 ] “NN” means neural network. 

[0042 ] “PR” means progesterone receptor. 

[0043 ] With reference to Figure 1, a schematic illustration 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 extracted feature maps are created from 

the digital image 10 in a pre-processing step. The extracted features can include 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 co, machine learnable 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 

networks. 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 a), 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. 

(G044 ] 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 iayers, 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 example a “long-short-term 

memory layer” (LSTM)) . The recurrent neural network layers could perform a similar function to the 

global mean layer, in that they can aggregate information from an arbitrarily large image into a fixed 

length vector. An example of using recurrent neural nets is the following paper: 

www. nature.com/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 raw pixels, unlike ours which acts on pre-extracted 

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 are determined. For example, convolutional neural network 30 

receive plurality 14 of extracted feature maps as a multichannel image. Convolutional neural network 30 

include convolution layers 32, 34, 36, 38, 40, and 42 as well as pooling layers 44, 46, 48, 50 and $32. 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 54 and 

batch normalization layer 56. Each of the convolution layer can include multiple internal feature maps 

which can change from layer to layer via subsampling and convolution. The present embodiment is not 

limited to by number of convolutional layers, pooling layers, fully connected layers, normalization layers, 

and sublayers therein. 

[0045 ] The methods set forth herein advantageously uses deep learning to extract information 

from stained tissue samples. In general, we show that deep learning is powerful and interpretable if it is 

applied on a matrix of expert-defined medium-level features. In the prior art, the deep learning systems 

learn medium-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 from 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 bmlding an accurate 

classifier. However, in medicine/pathology, itis difficult to get enough labeled data of sufficient quality. 

Moreover, there is a strong desire by physicians to get an intuitive idea of the features that the deep neural 

network uses to make a classification of diagnosis, prognosis or theragnosis. So 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 extracts a set of medium-level features that are defined by humans, and can be verified by humans 

(e.g. the nuclear morphometric features). 

[0046 ] In this regard, a human can first confirm that the input (the pre-processed features) to the 

deep neural network meets some minimal quality threshold. For instance, a quality control step can be 

performed to make sure the quality of the input feature maps (figure 2, item 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-step 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 HAE 

staining of two consecutive sections can result in images that look 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 encoded into the described sparse matrix representation. Moreover, 

if enough morphometric features are 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 

features. 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 

features can provide intuition about which morphometric features are most predictive of an outcome. 

10
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[0049 ] Another benefit of limiting the input data to a subset of pre-extracted 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%CI=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 

series of convolutional layers, which learn hierarchical spatial relationships (first learn relationships 

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 

at any one portion of an image may not be sufficient to make an accurate prediction. It is important to 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 arefinement, 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 nucleolus. In another refinement, the extracted features include colorimetric features within a 

structured biologic element. A value for each extracted feature is associated with each spatial location to 
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form a set of extracted feature maps. Therefore, there will be a two-dimensional feature map for each 

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 

oramatrix. 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 tissue samples with an unknown status for the diagnostic feature. 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 feature is associated 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. 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, HER2, 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 HER2 are prognostic. For example, 

patients with ER+ PR+ HER2- 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). 

12
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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 

AI/ML, 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. 

14
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[0061 | The following examples illustrate the various embodiments of the present invention. 

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!!. 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 um, 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 ifthe mean and variance of nuclear 

features in 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 JHC 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 that is 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 dataset is a subset ofa 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 dataset is 40x (0.25 um 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 ImageJ19) 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 um) 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 9i (0 < Oi < 180) with the positive x-axis, six 

orientation features qi, j (1 <j < 6) are defined by 

[00101 ] gij=1 if 30 x (j-1) < @Li< 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 

robust to 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- 
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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 um) 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 um) 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 data21. 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 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 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 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 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. 

8. The method of claim 7 wherein the convolutional neural network includes a plurality of 

convolutional layers and a plurality of pooling layers. 

o, 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 of 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 from the group consisting of 

p53, Bcl-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 features include one or more features 

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, 

ellipse angle from horizontal 

27. The method of claim | 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 feature for 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 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: 
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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 feature maps and the known status for the diagnostic 

feature to form a trained machine learnable device. 

29. A trained machine learnable device formed by training an untrained machine learnable 

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 feature maps and the known status for the diagnostic 

feature thereby creating a trained machine learnable device. 
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A. CLASSIFICATION OF SUBJECT MATTER 

G16H 50/20(2018.01)i, G16H 50/30(2018.01)i, GO6T 7/00(2006.01)i, GOIN 33/574(2006.01)i 

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

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

Korean utility models and applications for utility models 
Japanese utility models and applications for utility models 

  

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
eKOMPASS(KIPO internal) & Keywords: machine learning, diagnosis, image, 2 dimensional, biomarker, CNN 

  

C. DOCUMENTS CONSIDERED TO BE RELEVANT 
  

  

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

Y US 2014-0101080 Al (SAMSUNG ELECTRONICS CO., LTD.) 10 April 2014 1-8, 10-30 

See paragraphs [0043]-[0048], [0062]-[0071]; claim 9; and figures 1-2, 3A. 

A 9 

了 ANDREW JANOWCZYK et al. Deep learning for digital pathology image analysis: 1-8, 10-30 

A comprehensive tutorial with selected use cases. 2016 Journal of Pathology 

Informatics, 26 July 2016, pages 1-18. 

See pages 1-8, 13-14; and figures 3-4, 6, 9. 

Y WO 2015-189264 AL (VENTANA MEDICAL SYSTEMS, INC. et al.) 17 December 2015 12-21 

See paragraphs [0020], [0029]; and figures 1-2. 

A WO 2005-001740 A2 (SIEMENS MEDICAL SOLUTIONS USA, INC.) 06 January 2005 1-380 

See page 14, line 14 - page 21, line 13; and figure 2. 

A US 2016-0314580 Al (H. LEE MOFFITT CANCER CENTER AND RESEARCH INSTITUTE, 1-30 

INC.) 27 October 2016 

See paragraphs [0070]-[0081]; and figures 2-4. 

Note: since claim 29 are found twice, the claim 29, which is written later, 

is renumbered as claim 30 by this authority.       

  

  

  

[ | Further documents are listed in the continuation of Box C. See patent family annex. 

* Special categories of cited documents: "T" later document published after the international filing date or priority 

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand 

to be of particular relevance the principle or theory underlying the invention 

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be 

filing date considered novel or cannot be considered to involve an inventive 

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the publication date of another citation or other "Y¥" document of particular relevance; the claimed invention cannot be 

special reason (as specified) considered to involve an inventive step when the document is 

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination 
means being obvious to a person skilled in the art 

"P" document published prior to the international filing date but later "&" document member of the same patent family 

than the priority date claimed 
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28 June 2018 (28.06.2018) 28 June 2018 (28.06.2018) 
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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. 
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mgbdocket @ marshallip.com 
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Application No. Applicant(s) 

  

16/732,242 Yip et al. 

Applicant-Initiated Interview Summary Examiner Art Unit | AIA (FITF) Status 

Ross Varndell 2666 Yes       
  

  

All participants (applicant, applicants representative, PTO personnel): 

(1) Ross Varndell. (3) . 

(2) Paul Stephens (Reg. No. 47,970). (4) . 
  

Date of Interview: 14 October 2020. 
  

Type: Telephonic () Video Conference 
C] Personal [copy given to: 口 applicant © applicant's representative] 

Exhibit shown or demonstration conducted: I Yes CI] No. 
If Yes, brief description: 

Issues Discussed (101 (112 O102 M103 OMothers 
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1. 

Identification of prior art discussed: Tunstall. 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 

reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...) 

Focusing on Fig. 5B, looking outside of a single tile for information about the tiles. Doing smaller tile analysis in parallel 

. - Not just classification but looking for tissue structural features in surrounding areas. Look for features within each 

tile to inform classification. Features in surrounding area inform classification. Specification [0058], [0117], [0171] has 

some information about these details. No agreement was reached. Differential between feature and a structural tissue 

feature.. 

  

  

  

  

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (Gee MPEP 
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 

thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 

the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 

general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

口 Attachment 
  

/Ross Varndell/ 

Primary Examiner, Art Unit 2666 

    
  

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20201014



Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 

A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 

application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) 1.133 Interviews 

Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (85 U.S.C. 

132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 

Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to any 
alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 

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 prompily 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 

- An indication 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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U.S.PATENTS Remove 

Examiner] Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where 
tie Patent Number Issue Date 。 Relevant Passages or Relevant 

Initial No Code1 of cited Document - 
Figures Appear 

1 9996664 B2 P018-06-12 | LOYD et al. 

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

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner] ~， Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where 
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Initial Number Code’! Date of cited Document - 
Figures Appear 

1 P0110188728 Al P011-08-04 SAMMAK et al. 

2 P0160217253 Al P016-07-28 NEWMAN et al. 

3 P0190034591 Al P019-01-31 MOSSIN et al.                     
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FOREIGN PATENT DOCUMENTS Remove 
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NON-PATENT LITERATURE DOCUMENTS Remove 

， .|Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 
Examiner] Cite _ ， 。 . . 
ew (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 

Initials No 。 。 ， 
publisher, city and/or country where published. 

1 ANDERS et al., Differential expression analysis for sequence count data, Genome Biology, 11:R106 (2010). 

2 BENSCH et al., 89Zr-atezolizumab imaging as a non-invasive approach to assess clinical response to PD-L1 

blockade in cancer, Nat. Med., 24:1852-1858 (2018). 

3 CHANG et al., Deep-learning convolutional neural networks accurately classify genetic mutations in gliomas, Am. J. 

Neuroradiology, (2018). 

4 CHANG et al., Residual convolution neural network for determination of IDH status in low- and high-grade gliomas 

from MR imaging, Clin. Cancer Res., 24(5):1073-1081 (2018). 

5 CHEN et al., Microscope 2.0: An augmented reality microscope with real-time artificial integration, Nat. Med .， 

25:1453-1457 (2019). 

CHEN et al., Pathomic fusion: An integrated framework for fusing histopathology and genomic features for cancer 

6 diagnosis and prognosis, downloaded from the Internet at: <https://arxiv.org/pdf/1912.08937v1.pdf> (December 18, 

2019). 

7 Department of health and human services. Part L overview information, Integration of imaging and fluid-based tumor 

monitoring in cancer therapy (RO1 Clinical Trial Optional), (February 5, 2018). 

8 DEY et al., Visualizing the structure of RNA-seq expression data using grade of membership models, PLoS 

Genetics, 13(5) (2017). 

9 FDA Summary of safety and effectiveness data (SSED), PD-L1 IHC 22C3 pharmDx, Dako North America, Inc., 

(October 2, 2015).           
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FDA Summary of safety and effectiveness data (SSED), PD-L1 IHC 22C3 pharmDx, Dako North America, Inc., 
10 

(September 22, 2017). 

11 KEYTRUDA medication guide, page 46, from prescribing information guide, Merck & Co. Inc., revised (September 

2017) (Reference ID: 4156447). 

12 Letter from U.S. Department of Health & Human Services to Agfa Healthcare N.V., regarding Enterprise Imaging 

XERO Viewer 8.1, dated (July 3, 2017). 

Letter from U.S. Department of Health & Human Services to Arterys, Inc. regarding Arterys Software v2.0, dated 
13 

(October 28, 2016). 

14 Letter from U.S. Department of Health & Human Services to Arterys, Inc. regarding Arterys Viewer, dated (July 18, 

2017). 
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2016). 
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16 

(August 20, 2015). 
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15, 2016). 

18 Letter from U.S. Department of Health and Human Services to Philips Medical Systems Nederland B.V. regarding 

Philips Intellisite Pathology Solution (PIPS), dated (October 13, 2017). 

19 Letter from U.S. Food & Drug Administration to Arterys, Inc. regarding Arterys Oncology DL, dated (January 25, 

2018). 

20 Letter from U.S. Food & Drug Administration to Dako North America, Inc. regarding PD-L1 IHC 22C3 pharmDx, dated 

(August 16, 2018).         
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Bioinform. Biomed., (2017). 
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1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV 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. * Applicant is to place a check mark here iff 

English language translation is attached.     
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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. 

六 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) 2020-10-27 

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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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 toa 

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 

National 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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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/Brian Roche 

Attorney Docket Number: 32830/58872A     
Filed as Large Entity 

  

Filing Fees for Utility under 35 USC 111(a) 

  

Description Fee Code 

    
Quantity 

  
Amount 

  
Sub-Total in 

USD(S) 
  

Basic Filing: 

  

Pages: 

  

Claims: 

  

Miscellaneous-Filing: 

  

Petition: 

  

Patent-Appeals-and-Interference: 

  

Post-Allowance-and-Post-Issuance: 

    Extension-of-Time: 

   



  

        
Sub-Total in 

  

  

          

  

Description Fee Code Quantity Amount USD(S) 

Miscellaneous: 

SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 260 260 

Total in USD (S$) 260 

   



  

Electronic Acknowledgement Receipt 
  

  

  

  

EFS 1D: 40955613 

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: 27-OCT-2020 

Filing Date: 31-DEC-2019 

Time Stamp: 11:44:52 

  

Application Type: Utility under 35 USC 11 1{a) 

  

Payment information: 
  

  

  

  

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $260 

RAM confirmation Number E20200QB45102749 
  

Deposit Account 
  

Authorized User   
    The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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Document 。 。 File Size(Bytes)/ Multi Pages 
Document Description File Name 。 。 。 

Number Message Digest | Part /.zip| (ifappl.) 

424043 

1 Non Patent Literature 1_FDASummary_DAKO-4877 no 20 
“bp 561475d9ec0c22f9ff20b2eed15c03bce6a5 

d68b 

Warnings: 

Information: 

684421 

2 Non Patent Literature 1 '_Keytruca_medica 487704 no 1 

p 7122a59a262cbca0fl e9ccc1aeb4534f727, 

674 

Warnings: 

Information: 

201938 

3 Non Patent Literature 12 USDHHS LetterAg_48 7699. no 9 
p aQec0f7456e87a489fe4690a1 58c41 3a4 ffed| 

Warnings: 

Information: 

313012 

4 Non Patent Literature EN no 9 

‘P 156924 ac26a4bda532d24026add6f5e7074| 

5e410 

Warnings: 

Information: 

268004 

5 Non Patent Literature 14 USPHS 1 etter 487097. no 12 

p 4a1aa8723c13b1 1e0b4698b9f7b00c40bal 

Warnings: 

Information: 

184631 

6 Non Patent Literature 15 USDHAS ENTER 848709 no 6 

‘P 859add976cb6a6914569a46f1d1d2c4631e 

318de 

Warnings: 
    Information: 
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7 Non Patent Literature df no 8 

p 2b9fb89803 9ae3e9b0f2874ed3402d06c68 

CC497 

Warnings: 

Information: 

197461 

8 Non Patent Literature 17 USPHS {etter 1487094. no 9 

p 8698e893a616191b752a38d65337b5bd6 

62d4b1 

Warnings: 

Information: 

4555933 

9 Non Patent Literature 8_USDAHS {etter_0-487093. no 6 

p 09da99eb4a8d9dd24eda4bd9bb98980d38 

16e7a8 

Warnings: 

Information: 

261419 

10 Non Patent Literature 9-FDALETTERARTER 487692 no 7 

-P e2655da8c33f354b5f2ac5d6f3b9e544b90e| 

2fbe 

Warnings: 

Information: 

12104372 

11 Non Patent Literature 1_Anders_487716.pdf no 12 
d3d6232074fea703259909d1 b60ef00fabf2| 

b46e 

Warnings: 

Information: 

180093 

12 Non Patent Literature 20 FDALETTER ANGUS-48769 no 5 

‘P 803075644 1f129a66a2bde0d2418f3966c 

b7ce4 

Warnings: 

Information: 

179266 

13 Non Patent Literature 21 FDALETTER JONE1_487099 no 5 

-P cc6b70cd 94fcf786aec 17efcl e3 193 7aa0d3 

d14d 

Warnings: 
    Information: 
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Information: 
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no 
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5ec5 

Warnings: 

Information: 

2551193 

29 Non Patent Literature 5_Chen_487712.pdf no 28 
d0525a5305d7e2f044d4bb18d5e41ba7e6 

41e412 

Warnings: 

Information: 

7114807 

30 Non Patent Literature 6_Chen2019 487711.pdf no 15 
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8b073 
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Information: 
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31 Non Patent Literature 7PAI 829 Integra 487709. no 19 
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4383520 
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266845 

34 Non Patent Literature 9_FDASUMMARY_DAKO_4877 no 22 
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35 IDS_16732242_1.pdf no 7 
Form (SB08) 9f62096a3c341 9b66fcbc6cd219875d4b70d 

6509 

Warnings: 

Information: 

30509 

36 Fee Worksheet (SB06) fee-info.pdf no 2 
952c476722e5 2e844ff62c751971adf90ecd 

3983 

Warnings: 

Information: 

Total Files Size (in bytes); 96246386 
  

  

  
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. 

  

  

  

  
 



Under the Paperwork Reduction Act of 1995, no persons are req 

PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
ired to respond to a collection of information unless it displays a valid OMB control number. 

  

        

APPLICATION AS FILED - PART I 

Application or Docket Number Filing Date PATENT APPLICATION FEE DETERMINATION RECORD 16/732.242 12/34/2019 Cte be mailed 

ENTITY: LARGE CL) SMALL © micro 

  

  

  

  

  

  

      
    
  

  

  

  

  

            
  

  

  

  

  

            
            

  

  

(Column 1} (Column 2} 

FOR NUMBER FILED NUMBER EXTRA RATE (和 FEE ($) 

(_] BASIC FEE N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

(_] SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A 

品 EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A 

TOTAL CLAIMS , * 
(37 CFR 1.16(i)) minus 20 = x $100 = 
INDEPENDENT CLAIMS , * 
(37 GFR 1.16(h)) minus 3 = x $460 - 

If the specification and drawings exceed 100 sheets 
of paper, the application size fee due is $310 ($155 

CyaPeuicarion SIZE FEE (37 for small entity) for each additional 50 sheets or 

-16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 
CFR 1.16(s). 

() MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)} 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1} (Column 2) (Column 3} 

CLAIMS HIGHEST 

| 11 (24/2020 ROMANS NRE MIOUSLY PRESENT EXTRA RATE ($} ADDITIONAL FEE ($) 

a AMENDMENT PAID FOR 

Total * ; ** 二 = S| oly 18 Minus | ** 20 =0 x $100 - 0 
2 | Independent * , KE 圖 
> (37 orn 1.16(h)) 2 Minus 4 =0 x $480 = 0 

< Lj Application Size Fee (87 CFR 1.16(s)) 

口 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 

1.16(j)) 

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

REMAINING NUMBER 
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($) 

= AMENDMENT PAID FOR 

Lu} Total * | 太 到 一 二 
富 和 (37cCFR1.1600) Minus = x $0 = 

Q | independent * , ane 一 
ai (37 cnn 1.16(h)) Minus = x $0 = 

= U Application Size Fee (37 CFR 1.16(s)) 
LJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 

1.16(j)) 

TOTAL ADD'L FEE 

* If the entry in column_1 is less than the entry in column 2, write "0" in column 3. LIE 

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20", /ALLYSON PURNELL/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".       The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.     

This collection of information is required by 37 CFR 1.16. 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 12 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, 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. 
/f you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.



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: 2666 

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

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111 
  

MS Amendment 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

INTRODUCTORY COMMENTS 

In response to the Office Action dated July 24, 2020, please amend the 

above-identified U.S. patent application as follows: 

Amendments to the Claims are reflected in the listing of claims which 

begins on page 2 of this paper. 

Remarks begin on page 5 of this paper.



  

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) 

sas 。 Sub-Total in 
Description Fee Code Quantity Amount UsDts) 

          

Basic Filing: 

  

Pages: 

  

Claims: 

  

Miscellaneous-Filing: 

  

Petition: 

  

Patent-Appeals-and-Interference: 

  

Post-Allowance-and-Post-Issuance: 

    Extension-of-Time: 

   



  

Sub-Total in 

  

          

  

  

Description Fee Code Quantity Amount UsDts) 

Extension - 1 month with $0 paid 1251 1 220 220 

Miscellaneous: 

Total in USD (S$) 220 

   



  

Electronic Acknowledgement Receipt 
  

  

  

  

EFS ID: 41219003 

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-NOV-2020 

Filing Date: 31-DEC-2019 

Time Stamp: 18:00:01 

  

Application Type: Utility under 35 USC 111{a) 

  

Payment information: 
  

  

  

  

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $220 

RAM confirmation Number E2020ANI00233170 
  

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 
Document Description File Name 。 。 。 

Number Message Digest | Part /.zip| (ifappl.) 

22697 

One_Month_Request_for_Exte 

1 Extension of Time nsion_of_Time_Under_37_CFR no 1 
1136a.PDF eeee9 3f02bdf0d987 171828 1c8da25fe9263 

~~ 1074 

Warnings: 

Information: 

50415 

2 AMD_in_response_to_NFOA. yes 9 

PDF 
31fa137b3d3d58f5d928ed750302d3606d1 

9fec7 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Applicant Arguments/Remarks Made in an Amendment 5 9 

Claims 2 4 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Warnings: 

Information: 

30972 

3 Fee Worksheet (SB06) fee-info.pdf no 2 
8d61483ac5 9fb20e8fd3593ba392d38f5734 

ea54 

Warnings: 

Information: 

Total Files Size (in bytes): 104084 
  

  
 



  

  

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. 

  

  

  

  
 



PTO/AIA/22 (10-20) 
Approved for use through 11/30/2020. OMB 0651-0031 

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 displays a valid OMB control number. 
  

    
  

  

Docket Number (Optional) 
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 32830/58872A 

Application Number 16/732,242-Conf. #7185 | Filed December 31, 2019 
For 

ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES 

Art Unit 9666 | Examiner R. E. Varndell 
  

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

Fee Small Entity Fee Micro Entity Fee   

One month (37 CFR 1.17(a)(1)) $220 $110 $55 $ 220.00 

| |] Two months (37 CFR 1.17(a)(2)) $640 $320 $160 $ 

[| Three months (37 CFR 1.17(a)(3)) $1,480 $740 $370 $ 

| ] Four months (37 CFR 1.17(a)(4)) $2,320 $1,160 $580 $ 

[_] Five months (37 CFR 1.17(a)(5)) $3,160 $1,580 $790 $ 

圖 Applicant asserts small entity status. See 37 CFR 1.27. 

[| Applicant certifies micro entity status. See 37 CFR 1.29. 
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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: 

(D claims 1, 2, 4, 6, and 8 stand rejected under 35 U.S.C. SS 102(a)(1) and 

102(a)(2) as anticipated by U.S. Publication No. 2016/0063724 (“Tunstall et al.”), 

(ii) claims 3, 7, 11-14, and 16 stand rejected as obvious under 35 U.S.C. § 103 

based on Tunstall et al., 

(iii) 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 (“Wenzefr’, 

(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 (“Everett”), and 

(vi) claims 19 and 20 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. 

2020/0105417 (“Dolan”).
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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. 

IL Telephonic Interview & Claim Amendments 

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.
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Support for these amendments is found within the application, as filed, and at least at paras. 

[0058] et seq., [0109] et seq., [01 16]-[0117], and [0171] - [0173]. Applicant has amended 

independent claim 11 in a similar manner. 

I 35 U.S.C. §§ 102 & 103 Rejections 

Claim 1 stands rejected as anticipated, under 35 U.S.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 Erjefa/t 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, Erjefa/t 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. 

111 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, Illinois 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 ona 

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+Heinthe-plurality of 

Hles_baseder-amuttitile anatysis 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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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 
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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. 
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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.
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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 A1 hereinafter “Tunstall” referred to as “Pathxl” 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
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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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UsPAT; | 12:27 

UspAT 12:27 

USsPAT 13:15 

USPAT | 13:15 

UsPAT; 13:15 

UspAT | 13:15 

$131 1 $127 scal$4 US-PGPUB; AND OFF 2020/07/10 
a : USPAT 13:15



_("20140185891" "9159129" 

| "20170076442" "9741112" 

| "20100061605" "8139833" 

"10474874").did. 

$134 (different$4 or multipl$4) ， 

‘same scalS4 

    

  

    

| $134 ((differentS4 or multipl$4) 2 

same scal$4) ((rectang$4 or : 

.squar94) same til$2) 

-("20140185891" "9159129" 
"20170076442" "9741112" 
"10474874" "20180053033" 
"9805248" "20160098589" 
"20160063308" "9740957" 
"10445557" "20170337415" 
"20170358079" "10339653" 
"20160203599" "9721340" 
"10262189" "9740912" 
-"20100111396").did. 

$138 ((different$4 or multipl$4) : 

| same scal$4) ((rectang$4 or 

| squarS4) same tilS2) 

$138 (scal$4) ((rectang$4 or 
| squarS4) same tilS2) 

$138 19 

      
     $139 8 

_("20160098589" "10474874" 
"9805248" "20100111396" 
"8488863" "20190073510" 
"10614285" "20180053033" 
"10664722" "9740957" 
"20160063308" "10445557" 
-"20170270666").did. 

‘$141 13 

US-PGPUB; OR OFF 
USPAT; | 
-USOCR 

US-PGPUB; OR OFF 
USPAT; 
USOCR 

_US-PGPUB; OR OFF 
USPAT 
UsOCR 

13:16 

13:16 

2020/07/10 
13:18 | 

13:18 

13:20 

2020/07/10 
13:27 

   

13:27 

13:29 

2020/07/10 
13:33 :



   

  

S142 4 S141 (multiscal$4) US-PGPUB; :AND OFF — 2020/07/10 
USPAT; 13:33 
USOCR 

S143 49,189  (GO6T7/0012 OR US-PGPUB; AND OFF 2020/07/10 
_G06T2207/30096 OR :USPAT; :13:34 
: GO6T2207/20084 OR :USOCR : 
_G06K9/00147 OR GO6K9/00523 : 
_OR G06K9/00536 OR 
.GO06N20/00).CPC. 

S144 879 $143 (multiscal$4) US-PGPUB; AND OFF 2020/07/10 
USPAT; 13:34 
USOCR 

$145 15 $143 (multiscal$4) ((rectangS4__US-PGPUB; AND OFF — 2020/07/10 
or squarS4) same til$2) USPAT; : 13:35 

:USOCR 

S146 1 (US-20190043242-S).did. US-PGPUB AND OFF 2020/07/10. 
13:53 

$148 1 S146 nnf US-PGPUB AND OFF 2020/07/10 
: :13:54 
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: :13:55 
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:13:55 
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16:02 

UsPAT; , 16:04 
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USPAT 23:20 

23:21 
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USsPAT 15:19 
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ee | USsPAT | 11:48



USPAT | 07:37 

UsPAT; , 07:37 

(S176 1 $174 overlay ((en near2 fac$4) US-PGPUB; AND — OFF 2020/07/16 
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$177 1 $174 overlay ((en near2 fac$4) US-PGPUB; AND OFF 2020/07/16 
or enfac$4) oct USPAT , 07:41 

07:53 

$179 0 S174 overlay ((en near2 fac$4) US-PGPUB; AND = OFF 2020/07/16 
or enfac$4) oct (irl same rpe) —_ USPAT; 07:56 

($180 1 $174 overlay ((en near2 fac$4) US-PGPUB; AND OFF 2020/07/16 
or enfac$4) oct (ilm same rpe) ;USPAT; : | 07:56 

08:55 

09:02 

12:47 

12:47 

12:48 

12:48 
$187 161  (G06T7/0012 OR :US-PGPUB; AND OFF = 2020/07/16 - 
a /G06T2207/30096 OR USPAT | (12:52 

-G06T2207/20084 OR USOCR 
_G06K9/00147 OR GO6K9/00523 © 
_OR GO6K9/00536 OR 
: GO6N20/00).CPC. (overlay$4 
| same percentageS$4)



$188 74 (GO6T7/0012 OR US-PGPUB; AND OFF ， .2020/07/16 
: -G06T2207/30096 OR USPAT | 12:53 

_G06T2207/20084 OR USOCR 
_G06K9/00147 OR GO6K9/00523 | 
OR GO6K9/00536 OR , 
-GO6N20/00).CPC. (overlay$4 
with percentageS4) 

09:25 
($191 1 $190 overla$4 US-PGPUB; AND OFF 2020/07/20 

USPAT : 09:25 

  

UspAT 09:54 

09:54 

USsPAT , 09:54 

$195 4 -("20110188728" | -US-PGPUB; AND OFF = 2020/12/05. 
"20160217253" | USPAT :17:14 

"20190034591" | 
"9996664").PN. 

($196 3 ("20180239949" | US-PGPUB; AND OFF 2020/12/05 
"20180340870" | USPAT | 17:15 
-"20190087532").PN. : 

USsPAT | 17:15 

$198 8,904 —(structur$4 with tissu$4 with © US-PGPUB; AND = OFF_~— 2020/12/05 
featur54) :USPAT | 17:26 

    
OFF = 2020/12/05 
| 17:29 |



USPAT | 17:29 

UsPAT 2 17:29 

UsPAT; 17:32 

USPAT | 17:32 

Time Stamp | 

  

$13 16,074 ((hematoxylin near4 eosin) or Us- AND OFF 2020/07/07 - 
:h?e).clm. :PGPUB; — 13:55       

   

    

2020/07/07 © 
13:55 

$13 S14 S16 S17 
/PGPUB; : 13:55 

$19 48,980 (GO6T7/0012 OR GO6T2207/30096 UsS- AND 
a OR G06T2207/20084 OR -PGPUB; | (13:57 

-G06K9/00147 OR GO6K9/00523 OR :USPAT — | 
-GO6K9/00536 OR GO6N20/00).CPC. : 

 S21 292 13517 US- AND OFF 2020/07/07 - 
PGPUB; — : 14:01 

     



(G06T7/0012 OR G06T2207/30096 

:OR G06T2207/20084 OR 

(overlayS4 same percentageS4) 

h?e).clm. 

(structur$4 with tissu$4 with 

-featur$4) 

_(structur$4 with tissu$4 with 

-featur$4).clm. 

((second near4 portionS4) with 

-larg$4).clm. 

: 2 PGPUB; 
-G06K9/00147 OR GO6K9/00523 OR : 
-G06K9/00536 OR GO6N20/00).CPC. 

  

14:02 

OFF = 2020/07/16 © 
| 12:52 | 

    

OFF 

  

17:30 

  

17:30 

2020/12/05 
17:30 : 

    

  

17:31 

17:31 

17:31 

OFF = 2020/12/05 
17:32 

 



$214 0 $211 5212 "17" US- AND OFF “2020/12/05 - 
-PGPUB; ， 17:32 

| , 2020/12/05 © 
-PGPUB; 一 17:33 

  

12/5/2020 5:33:25 PM 

C:\Users\rvarndell\Documents\EAST\Workspaces\16732242-2.wsp



Receipt date: 08/19/2020 16/732,242 - GAU: 2666 

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 2666 

Examiner Name VARNDELL, ROSS E 

Attorney Docket Number 32830/58872A 

  

  

  
      
  

  

  

U.S.PATENTS 

， ， ， ， Pages,Columns,Lines where 

Examiner Cite Patent Number Kind Issue Date Name 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 Code1| 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 Document Country Kind | Publication Applicant of cited where Relevant Ts 

Initial* No | Number Code2i Code4| Date PP Passages or Relevant 
Document ， 

Figures Appear 

1 LI                 
  

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 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



Receipt date: 08/19/2020 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 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 口 

/RV/ deficiency (HRD) useful for treatment decision making?,”ESMO Open 4(2) (2018) 

RV/ 2 ULYANOV et al., Instance normalization: the missing ingredient for fast stylization, arXiv:1607.08022, 1-6 (2017). 品       
  

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

EXAMINER SIGNATURE 

Examiner Signature /Ross Varndell/ Date Considered 12/05/2020 

  

  

      
  

*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. USPTO.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 iff 
English language translation is attached.     
  

EFS Web 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



Receipt date: 

Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Filed 

08/19/2020 16/732,242 - GAU: 2666 

PTO/SB/08a (02-18) 
Approved for use through 11/30/2020. OMB 0651-0031 

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. 

  

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

  

  

  

  

  
      

Application Number 16732242 

Filing Date 2019-12-31 

First Named Inventor | Stephen Yip 

Art Unit 2666 

Examiner Name VARNDELL, ROSS E 

Attorney Docket Number 32830/58872A 
  

  

U.S.PATENTS 
  

Examiner 

Initial* 

Cite 
Patent Number 

Kind 

Code!’ 
Issue Date 

Name of Patentee or Applicant 

of cited Document 

Pages,Columns,Lines where 

Relevant Passages or Relevant 

Figures Appear 

  

            
  

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

U.S.PATENT APPLICATION PUBLICATIONS 
  

  

  

            

Examiner] ~， Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where 
ey Cite No 。 Relevant Passages or Relevant 

Initial Number Code1| Date of cited Document ， 
Figures Appear 

/Rv/|1 20180239949 Ai 2018-08-23 CHANDER et al. 

2 20180340870 Ai 2018-11-29 GUSTAFSON et al. 
/RV/ 

3 20190087532 Ai 2019-03-21 MADABHUSHI et al.   
  

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

FOREIGN PATENT DOCUMENTS 
  

              

Foreian D Name of Patentee or Pages, Columns,Lines 

Examiner] Cite Oren ocument Country Kind | Publication Applicant of cited where Relevant Ts 

Initial* No | Number Code2i Code4| Date PP Passages or Relevant 
Document ， 

Figures Appear 

UNIV SOUTHERN 
/RV/ |1 2018/165103 WO Ai 2018-09-13 CALIFORNIA 品]         
  

EFS Web 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



Receipt date: 08/19/2020 16/732,242 ~- GAU: 2666 
  

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

Application Number 16732242 
  

Filing Date 2019-12-31 
  

First Named Inventor | Stephen Yip 
  

Art Unit 2666 
  

  Examiner Name VARNDELL, ROSS E 
    Attorney Docket Number   32830/58872A 
  

  

If you wish to add additional Foreign Patent Document citation information please click the Add button 
  

NON-PATENT LITERATURE DOCUMENTS 
  

Examiner] Cite 

Initials* | No 

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), 
publisher, city and/or country where published. 

T5 

  

fRv/|4 International Application No. PCT/US2020/024748, International Search Report and Written Opinion, mailed August 
03, 2020. 

  

    {RV/ 12 International Application No. PCT/US2020/024748, Invitation to Pay Additional Fees, mailed June 10, 2020.   
  

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

EXAMINER SIGNATURE 
  

Examiner Signature 
  /Ross Varndell/ Date Considered 12/05/2020 

    
  

*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.USPTO.GG¥ 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/



IQQueryQuickExport-292912952249 

Main Concept Document 

US29299211189 

Title: ARTIFICIAL INTELLIGENCE SEGMENTATION OF TISSUE IMAGES 

Concept Modifiers (1) 

1. More Like Text: 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 

(No Filters) 

De-dup: None 

Cut-off: None 

Sort: Relevance 

Content: Patents + NPL (189) 

US Patents 

US Designs 

US Applications 

EPO Patents 

EPO Applications 

China Patents 

China Applications 

Japan Patents 

Japan Applications 

Korea Patents 

Korea Applications 

WIPO Applications 

Argentina Patents 

Argentina Applications 

Brazil Patents 

Brazil Applications 

Canada Patents 

Canada Applications 

Chile Patents 

Chile Applications 

Page 1



IQQueryQuickExport-292912952249 

Colombia Applications 

Costa Rica Applications 

Cuba Patents 

Cuba Applications 

Dominican Republic Applications 

Ecuador Patents 

Ecuador Applications 

El Salvador Applications 

Guatemala Applications 

Honduras Applications 

Mexico Patents 

Mexico Applications 

Nicaragua Patents 

Panama Applications 

Peru Applications 

Trinidad & Tobago Patents 

Uruguay Applications 

Austria Patents 

Austria Applications 

Belarus Patents 

Belgium Patents 

Belgium Applications 

Bosnia & Herzegovina Patents 

Bosnia & Herzegovina Applications 

Bulgaria Patents 

Bulgaria Applications 

Croatia Patents 

Croatia Applications 

Czech Republic Patents 

Czech Republic Applications 

Czechoslovakia Patents 

Czechoslovakia Applications 

Denmark Patents 

Denmark Applications 

Estonia Patents 

Estonia Applications 

EUIPO Patents 

Finland Patents 

Finland Applications 

France Patents 

France Applications 

Germany Patents 

Germany Applications 

Great Britain Patents 

Great Britain Applications 

Greece Patents 

Greece Applications 

Hungary Patents 

Page 2



IQQueryQuickExport-292912952249 

Hungary Applications 

Iceland Patents 

Iceland Applications 

Ireland Patents 

Ireland Applications 

Italy Patents 

Italy Applications 

Latvia Patents 

Latvia Applications 

Lithuania Patents 

Lithuania Applications 

Luxembourg Patents 

Malta Patents 

Monaco Patents 

Montenegro Patents 

Montenegro Applications 

Netherlands Patents 

Netherlands Applications 

Norway Patents 

Norway Applications 

Poland Patents 

Poland Applications 

Portugal Patents 

Portugal Applications 

Republic of Moldova Patents 

Republic of Moldova Applications 

Romania Patents 

Romania Applications 

San Marino Patents 

San Marino Applications 

Serbia Patents 

Serbia Applications 

Slovakia Patents 

Slovakia Applications 

Slovenia Patents 

Spain Patents 

Spain Applications 

Sweden Patents 

Sweden Applications 

Switzerland Patents 

Switzerland Applications 

Ukraine Patents 

Yugoslavia/Serbia and Montenegro Patents 

Yugoslavia/Serbia and Montenegro Applications 

Armenia Patents 

Australia Patents 

Australia Applications 

Cyprus Patents 

Page 3



IQQueryQuickExport-292912952249 

Gulf Cooperation Council Patents 

Hong Kong Patents 

India Patents 

India Applications 

Indonesia Patents 

Indonesia Applications 

Israel Applications 

Jordan Patents 

Kyrgyzstan Patents 

Macao Applications 

Malaysia Patents 

Mongolia Patents 

New Zealand Patents 

Philippines Patents 

Philippines Applications 

Saudi Arabia Patents 

Singapore Patents 

Singapore Applications 

Taiwan Patents 

Taiwan Applications 

Tajikistan Patents 

Tajikistan Applications 

Thailand Applications 

Uzbekistan Patents 

Vietnam Patents 

Algeria Patents 

ARIPO Patents 

ARIPO Applications 

Egypt Patents 

Kenya Patents 

Malawi Patents 

Morocco Patents 

Morocco Applications 

OAPI Patents 

South Africa Patents 

Tunisia Applications 

Zambia Patents 

Zimbabwe Patents 

EAPO Patents 

EAPO Applications 

Georgia Patents 

Georgia Applications 

Kazakhstan Patents 

Kazakhstan Applications 

Russia Patents 

Russia Applications 

Turkey Patents 

Turkey Applications 

Page 4



IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

IEEE 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

Xplore 

IP. 

IP. 

IP. 

IP. 

IP. 

OnePetro.org: 

com 

com 

com 

com 

com 

Prior 

Prior 

Prior 

Prior 

Prior 

OnePetro.org: 

OnePetro.org: 

Other Litera 

Other Litera 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Publications: 

Art Database: 

Art Database: 

Art Database: 

Art Database: 

Art Database: 

Periodicals 

Conferences 

ture: 

ture: 

TQQueryQuickExport - 202012052249 

IEEE Periodicals 

IEEE Conferences 

IEEE Standards 

IEEE Early Access 

IET Periodicals 

IET Conferences 

SMPTE Periodicals 

SMPTE Conferences 

SMPTE Standards 

MIT Press eBooks 

Wiley-IEEE eBooks 

IBM Periodicals 

URSI Periodicals 

VDE Conferences 

Periodicals from China 

The IP.com Journal 

Internet Society RFC 

IBM TDB Archive 

Legacy Journals 

Software Patent Institute 

at OnePetro.org 

at OnePetro.org 

Standards at OnePetro.org 

IBM Redbooks 

PubMed Central 

Page 5



Receipt date: 

Doc code: IDS 

Doc description: Information Disclosure Statement (IDS) Filed 

10/27/2020 16/732,242 - GAU: 2666 

PTO/SB/08a (02-18) 
Approved for use through 11/30/2020. OMB 0651-0031 

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. 

  

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

  

    
    

  

      

Application Number 16732242 

Filing Date 2019-12-31 

First Named Inventor |jEtephen Yip 

Art Unit 2666 

Examiner Name VARNDELL, ROSS E 

Attorney Docket Number 32830/58872A   
  

  

  

  

              

U.S.PATENTS Remove 

Examiner] Cite Kind Name of Patentee or Applicant Pages, Columns,Lines where 
ae ie Patent Number Issue Date ， Relevant Passages or Relevant 

Initial No Code' of cited Document ， 
Figures Appear 

ARYA | 1 9996664 B2 P018-06-12 | LOYD et al. 

      

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

U.S.PATENT APPLICATION PUBLICATIONS Remove 
  

  

  

                

Examiner] ~， Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where 
ae ie Cite No ， Relevant Passages or Relevant 

Initial Number Code1| Date of cited Document ， 
Figures Appear 

1 P0110188728 Al P011-08-04 SAMMAK et al. 
{RV/ 

/RV/ 
2 P0160217253 Al P016-07-28 NEWMAN et al. 

/RY/ 3 P0190034591 Al P019-01-31 MOSSIN et al.       

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

FOREIGN PATENT DOCUMENTS Remove 
  

Examiner 

Initial* 

Cite Foreign Document 

Number? 

Country 

Codez2i 
Kind 

Code4 

Publication 
Date Applicant of cited 

Document 

Name of Patentee or 
Pages,Columns,Lines 

where Relevant 

Passages or Relevant 

Figures Appear 

Ts 

                      

EFS Web 2.1.18 

        
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



  

  

  

  

  

  
      
  

  

  

  

  

  

  

  

  

  

  

  

  

Receipt date: 10/27/2020 16/732,242 ~- GAU: 2666 

Application Number 16732242 

Filing Date 2019-12-31 

INFORMATION DISCLOSURE First Named Inventor | Stephen Yip 

STATEMENT BY APPLICANT 二 二 一 5008 
( Not for submission under 37 CFR 1.99) 

Examiner Name VARNDELL, ROSS E 

Attorney Docket Number 32830/58872A 

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner] Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 

publisher, city and/or country where published. 

/RV 1 ANDERS et al., Differential expression analysis for sequence count data, Genome Biology, 11:R106 (2010). 

/RV42 BENSCH et al., 8971-atezolizumab imaging as a nominvasive approach to assess clinical response to PD-L1 

blockade in cancer, Nat. Med., 24:1852-1858 (2018). 

3 CHANG et al., Deep-learning convolutional neural networks accurately classify genetic mutations in gliomas, Am. J. 

Neuroradiology, (2018). 
fRV| 

4 CHANG et al., Residual convolution neural network for determination of IDH status in low- and high-grade gliomas 

/RV from MR imaging, Clin. Cancer Res., 24(5):1073-1081 (2018). 

fRV 

5 CHEN et al., Microscope 2.0: An augmented reality microscope with real-time artificial integration, Nat. Med_, 

25°1453-1457 (2019). 

CHEN et al., Pathomic fusion: An integrated framework for fusing histopathology and genomic features for cancer 

fRv/ |6 diagnosis and prognosis, downloaded from the Internet at: <https://arxiv.org/pdf/1912.08937v1_pdf> (December 18, 

2019). 

/RV/I7 Department of health and human services. Part |. overview information, Integration of imaging and fluid-based tumor 

monitoring in cancer therapy (RO1 Clinical Trial Optional), (February 5, 2018). 

8 DEY et al_, Visualizing the structure of RNA-seq expression data using grade of membership models, PLoS 

Genetics, 13(5) (2017). 
/RV/ 

9 FDA Summary of safety and effectiveness data (SSED), PD-L1 IHC 22C3 pharmDx, Dako North America, Inc., 

/RV/ (October 2, 2015).             
  

EFS Web 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



  

  

  

  

  

          
  

  

  

  

  

  

  

  

  

  

  

Receipt date: 10/27/2020 16/732,242 ~- GAU: 2666 

Application Number 16732242 

Filing Date 2019-12-31 

INFORMATION DISCLOSURE First Named Inventor | Stephen Yip 

STATEMENT BY APPLICANT | 008 
( Not for submission under 37 CFR 1.99) 

Examiner Name VARNDELL, ROSS E 

Attorney Docket Number 32830/58872A 

fRV/ 10 FDA Summary of safety and effectiveness data (SSED), PD-L1 IHC 22C3 pharmDx, Dako North America, Inc., 

(September 22, 2017). 

11 KEYTRUDA medication guide, page 46, from prescribing information guide, Merck & Co. Inc., revised (September 

/RV/ 2017) (Reference ID: 4156447). 

/RV/ 12 Letter from U.S. Department of Health & Human Services to Agfa Healthcare N.V., regarding Enterprise Imaging 

XERO Viewer 8.1, dated (July 3, 2017). 

/RV/ Letter from U.S. Department of Health & Human Services to Arterys, Inc. regarding Arterys Software v2.0, dated 
13 

(October 28, 2016). 

14 Letter from U.S. Department of Health & Human Services to Arterys, Inc. regarding Arterys Viewer, dated (July 18, 

/RV/ 2017). 

15 Letter from U.S. Department of Health & Human Services to Brainlab AG regarding DICOM Viewer, dated (April 13, 

2016). 
/RV/ 

7RV7 16 Letter from U.S. Department of Health & Human Services to Healthmyne Inc. regarding Healthmyne PACS, dated 

(August 20, 2015). 

Letter from U.S. Department of Health & Human Services to Healthmyne Inc. regarding Healthmyne, dated (January 

fev/ | 1 las 9016). 

18 Letter from U.S. Department of Health and Human Services to Philips Medical Systems Nederland B.V. regarding 

ARVA Philips Intellisite Pathology Solution (PIPS), dated (October 13, 2017). 

Letter from U.S. Food & Drug Administration to Arterys, Inc. regarding Arterys Oncology DL, dated (January 25, 

fRV/ | 人 2018) 

/RV7 |20 Letter from U.S. Food & Drug Administration to Dako North America, Inc. regarding PD-L1 IHC 22C3 pharmDx, dated 

(August 16, 2018).               

EFS Web 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



Receipt date: 10/27/2020 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 2666 

Examiner Name VARNDELL, ROSS E 

  

  

  
      Attorney Docket Number 32830/58872A 
  

  

Letter from U.S. Food & Drug Administration to Dako North America, Inc. regarding PD-L1 IHC 22C3 pharmDx, dated 

fBN/ |21 |TV june 12, 2018). 

  

22 MYRONENKO, 3D MRI brain tumor segmentation using autoencoder regularization, downloaded from the Internet at: 

fRv/ <https://arxiv.org/pdt/1810.11654 pdf> (published November 19, 2018). 

  

23 NEWMAN et al., Determining cell type abundance and expression from bulk tissues with digital cytometry, Nat. 

/Rv/ Biotec., 37:773-/82 (2019). 

  

NEWMAN et al., Robust enumeration of cell subsets from tissue expression profiles, Nat. Methods, 12:453-457 

fRvV/ 24 (2015). 

  

fRVv/ 25 PD-L1 IHC 28-8 pharmDx Guide, 13 pp. Dako North America Inc. (October 2015 edition). 

  

26 RAJPURKAR et al., Deep learning for chest radiograph diagnosis: A retrospective comparison of the CheXNext 

fRV/ algorithm to practicing radiologists, PLOS Medicine, (2018). 

  

/RV/ 27 Redox awarded patent for its electronic medical record integration technology, August 29, 2018. 

  

28 SHAH et al., Deep learning assessment of tumor proliferation in breast cancer histological images, Int. Conf. 

Bioinform. Biomed., (2017). 
fRV/ 
  

29 Stanford ML Group, CheXNexXt: Deep learning for chest radiograph diagnosis, downloaded from the Internet at: 

fRV/ <https://stanfordmligroup github 1o/projects/chexnext/> (November 2018). 

  

30 UZ7AN et al., Microvessel density as a prognostic factor in women with breast cancer, Cancer Res., 64(9):2941-55 

/RV/ (2004). 

  

/Rv/ 34 YALA et al., A deep learning mammography-based model for improved breast cancer risk prediction, Radiology, 

292(1):60-66 (2019).               

EFS Web 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RV/



Receipt date: 10/27/2020 
  

  

  INFORMATION DISCLOSURE 
  STATEMENT BY APPLICANT 

( Not for submission under 37 CFR 1.99)   

      

16/732,242 - GAU: 2666 

Application Number 16732242 

Filing Date 2019-12-31 

First Named Inventor | Stephen Yip 

Art Unit 2666 

Examiner Name VARNDELL, ROSS E 

Attorney Docket Number 32830/58872A   
  

  

fRV/ 

32 YOUNG et al., Gene ontology analysis for RNA-seq: accounting for selection bias, Genome. Biol., 11:R14 (2010). 

  

      
/RV/ 33 ZHANG et al., Aspect-augmented adversarial network for domain adaptation, Transactions of the Association for 

Computational Linguistics, 5:515-528 (2017).     

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

EXAMINER SIGNATURE 
  

Examiner Signature 
  

fRoss Varndell/ 
  

Date Considered 
      

42/05/2020 
  

*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.USPTO.GOV or MPEP $01.04. 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. * 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/



  

UNITED STATES PATENT AND TRADEMARK OFFICE 
  

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

PLO. Bas [436 
WAIT Virgie 2231340 
www.usDto la 

  

  

  

  

  

  

  

  

  

APPLICATION NO. FILING DATE KIRST NAMED INVES LOR | ATTORNEY DOCKET NO CONFIRMATION NO. | 

16,732,242 12°31 2019 Stephen Yip 32830 SSST2QA TISS 

4743 7590 01 28 2021 
MARSHALL, GERSTEIN & BORUN LLP | Ni | 
233 SOUTH WACKER DRIVE VARNDELL, ROSS 
6300 WILLIS TOWER 

CHICAGO, IL 60606-6357 | ARE NE | PAPER NUMBER | 

2666 

| NOTIFICATION DALE | DELIVERY MODE | 

O128 2021 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@ marshullip.com 

PTOL-90A (Rev. 04/07)



   UNITED STATES PATENT AND TRADEMARK OFFICE 

  

Commissioner for Patents 

United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

Application No. : 16732242 

Applicant : Yip 

Filing Date : 12/31/2019 
Date Mailed : 01/28/2021 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 

application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 

time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 

abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR 

1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent 

Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 

corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding 

requirements” will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 

ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 

“Mail Stop Issue Fee, Commissioner for Patents, 
P.O. Box 1450, Alexandria, VA 22313-1450”. 

  

/Marsha Palmer-Lee/ 
Publication Branch 

Office of Data Management 
(571) 272-4200



Application No._16732242 Drawings filed: 12/31/2019 

Mo
O 

O
O
 

U
U
U
 

U
U
 

U
o
 

(h
o 

et 
a 

L
U
L
U
U
 

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) 
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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.
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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. 
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United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. 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 

CHICAGO, IL 60606-6357 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 

(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include 

an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 

determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 

Retrieval (PAIR) WEB site (http://pair-uspto.gov). 

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 Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 

(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair-uspto.gov for additional applicants): 

Stephen Yip, Chicago, IL; 

TEMPUS LABS, INC., Chicago, IL; 

Irvin Ho, Wilmette, IL; 

Lingdao Sha, Chicago, IL; 

Boleslaw Osinski, Chicago, IL; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 

works to encourage and facilitate business investment. To learn more about why the USA is the best country in 

the world to develop technology, manufacture products, and grow your business, visit SelectUSA. gov.   

TR103 (Rev. 10/09)



DocCode- PATENT.GRANT 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16732242 Document Date: 04/27/2021 

The presence of this form in the IFW record indicates that the following document type was received 

in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 

record were created from the original documents that are stored in SCORE. 

Patent Grant with Color/Grayscale Drawings 

At the time of document entry (noted above): 

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. 

Form Revision Date: March 1, 2019
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PATENT ASSIGNMENT COVER SHEET 

    

Electronic Version v1.1 

Stylesheet Version v1.2 
Assignment ID: PATI16028 

  

SUBMISSION TYPE: NEW ASSIGNMENT 
  

  NATURE OF CONVEYANCE: CHANGE OF NAME 
  

CONVEYING PARTY DATA 
  

Name Execution Date 
  

TEMPUS LABS, INC.     12/07/2023     

  

RECEIVING PARTY DATA 
  

  

  

  

  

      

Company Name: TEMPUS Al, INC. 

Street Address: 600 West Chicago Ave 

Internal Address: Suite 510 

City: Chicago 

State/Country: ILLINOIS 

Postal Code: 60654     

  

  
PROPERTY NUMBERS Total: 52 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

Property Type Number 

Application Number: 18123959 

Application Number: 17829228 

Application Number: 18433240 

Application Number: 17902558 

Application Number: 18091320 

Application Number: 63426009 

Application Number: 18511998 

Application Number: 63460791 

Application Number: 63599508 

Application Number: 63537458 

Application Number: 63599471 

Application Number: 17515052 

Application Number: 16581706 

Application Number: 16533676 

Application Number: 16653868 

Application Number: 16732229 

Application Number: 16888357 

Application Number: 17816345 

Application Number: 17968509          



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

        
  

    

Property Type Number 

Application Number: 17247510 

Application Number: 17243397 

Application Number: 17738935 

Application Number: 18210449 

Application Number: 17684191 

Application Number: 17686131 

Application Number: 17816395 

Application Number: 17207582 

Application Number: 16889779 

Application Number: 18222324 

Application Number: 17837025 

Application Number: 18132109 

Patent Number: 11741365 

Patent Number: 11189029 

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 

Fax Number: 3124740448 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 

Phone: (312)474-6300 
   



  

Email: docket@marshallip.com,gorozco@marshallip.com 

  

  

  

  

Correspondent Name: Marshall Gerstein & Borun LLP 

Address Line 1: 233 SOUTH WACKER DRIVE 

Address Line 2: 6300 WILLIS TOWER 

Address Line 4: Chicago, ILLINOIS 60606-6357 

NAME OF SUBMITTER: Gabriela Orozco 

SIGNATURE: Gabriela Orozco 

DATE SIGNED: 02/09/2024 

This document serves as an Oath/Declaration (87 CFR 1.63).   
  

  
Total Attachments: 3 

source= TEMPUS LABS, INC. - DE - Department of State_ Division Of Corporations - Restated Certificate Filing - 
Electronic#page1 .tf 

source= TEMPUS LABS, INC. - DE - Department of State_ Division Of Corporations - Restated Certificate Filing - 
Electronic#pagez.tif 

source= TEMPUS LABS, INC. - DE - Department of State_ Division Of Corporations - Restated Certificate Filing - 
Electronic#pages.tif 
  

 



Delaware vet 
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 AI, 

INC.", FILED IN THIS OFFICE ON THE SEVENTH DAY OF DECEMBER, 

A.D. 2023, AT 12:40 O°CLOCK P.M. 

  

yy 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: 

ARTICLE I 

The name of the corporation is Tempus Labs, Inc. (the “Cerporation”). 

ARTICLE I 

The Corporation was originally incorporated pursuant to the General Corporation Law on 

September 21, 2015, under the name Bioin, Inc. 

ARTICLE Hl 

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 AI, Inc. (the “Corperation”),” 

ARTICLE IV 

This Certificate of Amendment has been duly adopted in accordance with Sections 141 and 
242 of the General Corporation Law. 

ARTICLE V 

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 12/07/2023 

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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