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·1· __________________________________________

·2· · · · · · ·P R O C E E D I N G S
· · · · · · · · · · ·7:01 a.m.
·3· __________________________________________

·4· · · · · · ALFRED I. NEUGUT, M.D., Ph.D., MPH,

·5· · · having been first duly sworn or affirmed,

·6· · · was examined and testified as follows:

·7· · · · · · · · · ·-· -  -

·8· · · · · · · · · EXAMINATION

·9· · · · · · · · · · -· -  -

10· BY MS. McCORMICK:

11· · · · Q.· ·Good morning, Dr. Neugut.· My name

12· is Madelyn McCormick, and I represent patent

13· owner Johns Hopkins in this proceeding, and

14· I'll be asking some questions today.· Okay?

15· · · · A.· ·Yes.

16· · · · Q.· ·Before we start, I'm going to go

17· over the ground rules for this deposition.

18· · · · · · ·You understand you are under oath,

19· correct?

20· · · · A.· ·Yes.

21· · · · Q.· ·You understand that means you have

22· to tell the truth, the whole truth and nothing

23· but the truth, correct?

24· · · · A.· ·Yes.

25· · · · Q.· ·And you'll do that today, correct?
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·1· · · · A.· ·Yes.

·2· · · · Q.· ·You also understand that the

·3· testimony you give today is just as important

·4· as if you were in a courtroom or in front of

·5· the PTAB panel, correct?

·6· · · · A.· ·Yes.

·7· · · · Q.· ·So you understand that you must give

·8· truthful, complete and accurate testimony

·9· today, correct?

10· · · · A.· ·Yes.

11· · · · Q.· ·If you ever don't understand my

12· question, please let me know.· Okay?

13· · · · A.· ·Yes.

14· · · · Q.· ·So if you answer a question, it's

15· fair for me to assume that you understood the

16· question?

17· · · · A.· ·Yes.

18· · · · Q.· ·If you ever want to take back,

19· change or modify an answer you give in any way,

20· please let me know.· Okay?

21· · · · A.· ·Yes.

22· · · · Q.· ·That way we can get truthful,

23· complete and accurate testimony today.· Okay?

24· · · · A.· ·Yes.

25· · · · Q.· ·We'll take a break about every hour,
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·1· but if you ever feel like you need a break

·2· sooner, please let me know, and we'll do that.

·3· Okay?

·4· · · · A.· ·Thank you.

·5· · · · Q.· ·Is there any reason, medical or

·6· otherwise, why you cannot give truthful,

·7· complete and accurate testimony today?

·8· · · · A.· ·No.

·9· · · · Q.· ·If that ever changes at any point

10· today, please let me know right away.· Okay?

11· · · · A.· ·Yes.

12· · · · Q.· ·Dr. Neugut, if we use the term MSI

13· today, will you understand that I'm referring

14· to microsatellite instability?

15· · · · A.· ·Yes.

16· · · · Q.· ·If we use the term dMMR, will you

17· understand that I'm referring to mismatch

18· repair deficiency?

19· · · · A.· ·Yes.

20· · · · Q.· ·And can we also agree for the sake

21· of efficiency that if I say MSI high, it will

22· also encompass dMMR?

23· · · · A.· ·Yes.

24· · · · Q.· ·And if you ever want to make a

25· distinction between the two, please let me
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·1· know.· Okay?

·2· · · · A.· ·Yes.

·3· · · · Q.· ·Dr. Neugut, we're here today to talk

·4· about seven declarations you've submitted for

·5· this proceeding, correct?

·6· · · · A.· ·I believe there were eight, but am I

·7· incorrect?

·8· · · · Q.· ·You are correct that there were

·9· eight.

10· · · · · · ·What do you have in front of you

11· here today?

12· · · · A.· ·So I have here a declaration of

13· '462.· So for each, I have the declaration and

14· the patent.· So that's '462, '491, '187, '219,

15· '287, '356, '974 and '975.· Then I also have

16· the MSI study record and then a pile of

17· publications that are germane to the case.

18· · · · Q.· ·I see there's a Post-it note on the

19· top of that pile of documents germane to the

20· case.

21· · · · · · ·What does that say?

22· · · · A.· ·That says, "July 10, 2015, date of

23· analysis for the patent claim."

24· · · · · · ·That's just to keep it fresh in my

25· mind that that's the date that's relevant to
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·1· the litigation.· I don't know if litigation is

·2· the right word for this, but whatever you call

·3· it.

·4· · · · Q.· ·Litigation works just fine.

·5· · · · · · ·And so you have a copy of each of

·6· your declarations, correct?

·7· · · · A.· ·Yes.

·8· · · · Q.· ·And is there any notes or markings

·9· on each of those declarations in front of you?

10· · · · A.· ·I don't think there's anything.

11· There might have been a little highlighting in

12· one or two of them but nothing that's grammatic

13· or important.

14· · · · Q.· ·And then you also have a printout of

15· each patent for each of your declarations; is

16· that correct?

17· · · · A.· ·You're referring to this?

18· · · · Q.· ·Yes.

19· · · · A.· ·Yes.

20· · · · Q.· ·Perfect.· So I'm going to refer to

21· seven declarations today, so not the '287

22· declaration.· You can set that one aside.

23· · · · A.· ·Okay.

24· · · · Q.· ·Dr. Neugut, for each of your

25· declarations that you submitted in this case,

9
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·1· the exhibit numbering that you refer to is the

·2· same across all of your declarations, correct?

·3· · · · A.· ·I believe so, yes.

·4· · · · Q.· ·And other than the -- let me take a

·5· step back here.

·6· · · · · · ·All of the exhibit numbering is the

·7· same except for the patent number, correct?· So

·8· Exhibit 1 is the patent for each declaration;

·9· is that right?

10· · · · · · ·MR. RATLIFF:· I object to the form

11· · ·of the question.

12· · · · · · ·THE WITNESS:· Can you ask the

13· · ·question again?

14· BY MS. McCORMICK:

15· · · · Q.· ·Sure.· The Exhibit 1 [sic] that's

16· referred to in each of your declarations is the

17· patent number for that declaration, correct?

18· · · · A.· ·Yes.

19· · · · Q.· ·And then Exhibit 2 [sic] is the file

20· history -- Exhibit 1002 is the file history or

21· the prosecution history for that patent that's

22· referred to in your declaration, right?

23· · · · A.· ·Yes.

24· · · · Q.· ·So other than Exhibits 1001 and

25· 1002, all the other exhibits referred to in

10
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·1· your declaration, the numbering is the same,

·2· correct?

·3· · · · A.· ·Yes.

·4· · · · Q.· ·Dr. Neugut, I'd like to go through

·5· each of your declarations.· We'll try to do

·6· this as efficiently as possible.· You have a

·7· copy of yours.· Are you okay referring to the

·8· '356 declaration?

·9· · · · A.· ·Is that the one you would like to

10· start with?

11· · · · Q.· ·Yes, please.· Do you have your '356

12· declaration, Exhibit 1003, in front of you?

13· · · · A.· ·What does the 1003 refer to?

14· · · · Q.· ·It's the marking on the bottom of

15· the first page.

16· · · · A.· ·Oh, I'm sorry.· Yes.

17· · · · Q.· ·So you have Exhibit 1003, your '356

18· declaration, in front of you, correct?

19· · · · A.· ·Yes.

20· · · · Q.· ·And if you could turn to page 90 of

21· Exhibit 1003, your '356 patent declaration.

22· · · · A.· ·Now, each of these has two page

23· numbers.· Can we make an agreement as to which

24· page number we're going to use going forward so

25· I'm not confused each time?
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·1· · · · Q.· ·Yes, I would love to do that.· Let's

·2· refer to the exhibit numbering, which is going

·3· to have the page in front of it, page 90 of 99

·4· in the lower left-hand corner of each page.

·5· · · · · · ·Does that work for you?

·6· · · · A.· ·Either one is fine, but it would be

·7· easiest if we were consistent.

·8· · · · Q.· ·I agree 100 percent.

·9· · · · · · ·All right.· So on page 90 of

10· Exhibit 1003, your '356 patent declaration, do

11· you see your signature?

12· · · · A.· ·Yes.

13· · · · Q.· ·And you signed it on March 4, 2024;

14· is that right?

15· · · · A.· ·Yes.

16· · · · Q.· ·And this declaration you are opining

17· on patent number 10,934,356, correct?

18· · · · A.· ·Yes.

19· · · · Q.· ·And for the '356 patent, the claims

20· of this patent don't list a specific cancer

21· type, correct?

22· · · · · · ·MR. RATLIFF:· I object to the form

23· · ·of the question.

24· BY MS. McCORMICK:

25· · · · Q.· ·We can refer to the patent itself,

12
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·1· if that would be helpful, Dr. Neugut.

·2· · · · A.· ·It's up to you.

·3· · · · Q.· ·Let's look at the '356 patent.  I

·4· believe you have in front of you Exhibit 1001

·5· and a claim in the back?

·6· · · · A.· ·Yes.

·7· · · · Q.· ·And page 30 of Exhibit 1001 for the

·8· '356 patent, do you see a certain cancer type

·9· listed in claim 1?

10· · · · A.· ·I'm sorry, what page is it of the

11· patent?

12· · · · Q.· ·Page 30 of 31 of the '356 patent.

13· · · · · · ·MR. RATLIFF:· His patents do not

14· · ·have page numbers at the bottom.

15· · · · · · ·THE WITNESS:· The columns have

16· · ·numbers, if that works for you, in my draft.

17· · ·I don't know if you have that on your draft.

18· BY MS. McCORMICK:

19· · · · Q.· ·Yeah, no problem.· Column 25.

20· · · · A.· ·Yes.

21· · · · Q.· ·I also see you have highlighting on

22· your copy of the patents, Dr. Neugut.

23· · · · · · ·What have you highlighted there?

24· · · · A.· ·In claim 23, I just broke down the

25· claim into three or four parts with the
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·1· highlighting just to separate them.

·2· · · · Q.· ·And what did you break the claim 23

·3· down into, which parts?

·4· · · · A.· ·A method for treating cancer in a

·5· population of cancer patients in need thereof,

·6· and then administering an effective amount of

·7· pembrolizumab to patients in the population of

·8· cancer patients, and then patients have a tumor

·9· that exhibits a high microsatellite instability

10· (MSI high) or a mismatch repair deficiency

11· status, and said tumor having progressed

12· following a prior treatment, and then observing

13· an objective response rate of about 12 to 96

14· percent.

15· · · · Q.· ·Any other breakdowns?

16· · · · A.· ·No.

17· · · · Q.· ·And why did you break claim 23 down

18· into those five parts?

19· · · · A.· ·Just to have a better sense of what

20· was going on to see how it compared to claim 1

21· because it's a reprise on some level of claim

22· 1.· I just wanted to see how the two compared

23· to each other.

24· · · · · · ·I don't believe I highlighted

25· anything else in -- anywhere else in any of the
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·1· other declarations -- I'm sorry, in any of the

·2· other patents.

·3· · · · Q.· ·And, Dr. Neugut, I would ask that

·4· you keep your voice up.· We have some blowers

·5· back here.

·6· · · · A.· ·I'm sorry.

·7· · · · Q.· ·So what are the differences between

·8· claim 1 and claim 23 that you notice?

·9· · · · A.· ·As I'm sitting here now, I would

10· have to look at it for a few moments and think

11· about it.· I don't have it fresh in my head.

12· · · · Q.· ·For the '356 patent, the population

13· of cancer patients being treated doesn't have a

14· specific cancer type, correct?

15· · · · · · ·MR. RATLIFF:· I object to the form

16· · ·of the question.

17· · · · · · ·THE WITNESS:· That's correct.

18· BY MS. McCORMICK:

19· · · · Q.· ·If I call this cancer agnostic, will

20· you know what I mean?

21· · · · · · ·MR. RATLIFF:· I object to the form

22· · ·of the question.

23· · · · · · ·THE WITNESS:· If you want to use

24· · ·that term, that's okay with me.

25· BY MS. McCORMICK:
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·1· · · · Q.· ·Do you not like that phrase cancer

·2· agnostic, or do you have a different phrase you

·3· prefer rather than no cancer type specified?

·4· · · · A.· ·It's not a scientific term, so -- I

·5· don't know if it's a legal term.· I mean, I

·6· understand what it means in the context of this

·7· patent because it presumably relates back to

·8· the MSI study record and the context of what

·9· we're talking about, but I don't like the term

10· cancer as a general entity.· It doesn't refer

11· to -- it's not a good terminology in general,

12· but for our purposes if you want to call it

13· agnostic, I'm okay with that.· I'll understand

14· what you mean.

15· · · · Q.· ·Are you aware that the FDA used that

16· term when it approved Keytruda for MSI high

17· regardless of cancer type?

18· · · · · · ·MR. RATLIFF:· I object to the form

19· · ·of the question as well as to the premise of

20· · ·the question.

21· · · · · · ·THE WITNESS:· I'm not aware, but if

22· · ·that's the term they chose to use, it's okay

23· · ·with me.· Again, I understand what the term

24· · ·means in the context that they're using it.

25· BY MS. McCORMICK:
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·1· · · · Q.· ·Just so we're on the same page, can

·2· you tell me what you understand the term cancer

·3· agnostic to mean in the context of these

·4· patents or the '356 patent?

·5· · · · A.· ·They're not defining the site of

·6· origin.

·7· · · · Q.· ·So the '356 patent claims a method

·8· for treating cancer patients without specifying

·9· the site of cancer origin, correct?

10· · · · · · ·MR. RATLIFF:· I object to the form

11· · ·of the question.

12· · · · · · ·THE WITNESS:· Yes.· I mean, I

13· · ·suppose one could go further and say they're

14· · ·also not defining the histology either.

15· · · · · · ·Again, cancer is a generic term that

16· · ·encompasses a multitude of entities.· That's

17· · ·why I don't care for it.

18· · · · · · ·So I don't know what it really means

19· · ·in this context or in general what it means,

20· · ·but certainly they're not defining the site

21· · ·and they're not defining the histology.

22· BY MS. McCORMICK:

23· · · · Q.· ·And if I say "cancer agnostic" today

24· when I'm asking you questions, will you

25· understand I mean not specifying the site of
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·1· origin or defining the histology?

·2· · · · A.· ·Yeah.

·3· · · · · · ·MR. RATLIFF:· I object to the form

·4· · ·of the question.

·5· · · · · · ·THE WITNESS:· Yes.

·6· BY MS. McCORMICK:

·7· · · · Q.· ·Dr. Neugut, what was the process for

·8· preparing your declaration related to the '356

·9· patent?

10· · · · A.· ·The actual original draft?· Well, we

11· have to go back earlier than that.· I had

12· extensive meetings with the attorneys from Paul

13· Hastings that go back.· I don't recall the

14· exact dates when we started, but it goes back

15· now I think a couple of years to discuss the

16· scientific issues in the case and the use of

17· pembrolizumab and the MSI study record and what

18· was involved generally in this case.· So that

19· went on for quite a while.

20· · · · · · ·And then that ultimately led to the

21· preparation of the declarations.· We already

22· had a deposition about one of the declarations.

23· And they initially prepared the first draft of

24· the declaration based on our discussions, and

25· then I went over it carefully and made

18
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·1· revisions and ensured that it was accurate and

·2· congruent with my own opinions and thoughts.

·3· There might have been two or three drafts or

·4· several until it was what I thought was

·5· accurate and appropriate.· And then I signed

·6· off on it.· I don't know what happens to it

·7· after that, but that's when I signed it.

·8· · · · Q.· ·And which declaration are you

·9· talking about when you're describing the

10· process you just described?

11· · · · A.· ·All of them went through essentially

12· the same process.· Of course -- in many

13· regards, they're very similar, so a lot of the

14· revisions are translatable from one to the

15· other.· If I changed the literature review from

16· one to another, of course it would then

17· translate to the other documents.· But all the

18· declarations went through the same process in

19· terms of preparation.

20· · · · Q.· ·Are there -- which declaration did

21· you do first?

22· · · · A.· ·As I sit here today, my recollection

23· is that '393 must have been the first because

24· that's the one we dealt with first.· After

25· that, these are all to me -- they overlap, and

19

http://www.sullivancourtreporters.com/


·1· I don't know that one or another is different.

·2· Several of them deal with colorectal cancer.  I

·3· suppose that's what you're pointing out now.

·4· And some of them deal with cancer generically

·5· or agnostically, if you want to use that term.

·6· I don't know if we prepared the documents in

·7· that order.· I don't recall now.· I don't

·8· recall if that's the order in which we actually

·9· prepared the documents.· In my head, they

10· followed that order.

11· · · · · · ·Again, within each category --

12· within the category of the three or four

13· documents that are colorectal cancer, I

14· wouldn't be able to tell you what the order is

15· of the three or four colorectal cancer patents,

16· how they -- the sequence of the three or four

17· colorectal cancer patents or the three or four

18· agnostic cancer patents once they're in that

19· category, but at least to me they fall into

20· those two groups.

21· · · · Q.· ·Were there any of your declarations

22· that followed a different process?

23· · · · A.· ·No.

24· · · · Q.· ·Any declarations you prepared that

25· took more time than the others?

20

http://www.sullivancourtreporters.com/


·1· · · · A.· ·I believe that the first one took

·2· longer because all the innings were hard, and

·3· the first one required more in-depth thinking,

·4· and it also had text which had to be worked out

·5· more carefully on the first go-around.

·6· · · · · · ·A lot of the text, as I'm sure

·7· you're aware, was repeated or at least modified

·8· in the other declarations over and over again,

·9· so it had -- but the first time it took more

10· time to revise it so that it was properly

11· drafted.· So the first one of course took more

12· time.

13· · · · · · ·After that, I don't know if number

14· three took more time than number four or not,

15· but certainly number one took more time than

16· the others.

17· · · · Q.· ·So after the first declaration,

18· which I think you said was for the '393 patent,

19· the rest of the declarations took about the

20· same amount of time?

21· · · · · · ·MR. RATLIFF:· I object to the form

22· · ·of the question.

23· · · · · · ·THE WITNESS:· I don't recall

24· · ·significant differences in the amount of

25· · ·time.
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·1· · · · · · ·Some of them here, even in my

·2· · ·recollection, have more claims than others.

·3· · ·I was never sure why.· A few of them have

·4· · ·eight to ten claims.· A few have 25 or more

·5· · ·claims.· At least in my reviewing them and

·6· · ·the declarations that resulted -- reviewing

·7· · ·the patents and then the declarations that

·8· · ·resulted from those patents, it did take

·9· · ·more time for me to do those simply because

10· · ·of the content, the length of the content

11· · ·and the issues that were involved in that.

12· · ·So those did take longer.

13· · · · · · ·So if you want to consider or think

14· · ·that the amount of time each declaration

15· · ·took was proportional to the number of

16· · ·claims that were inherent in each, that is

17· · ·very likely, but I did not keep a clock and

18· · ·formally keep track, but I would -- I am

19· · ·certain that the longer claims -- the longer

20· · ·patents in terms of claims took more time to

21· · ·prepare the declarations.

22· BY MS. McCORMICK:

23· · · · Q.· ·You had spoken about the

24· declarations in terms of groups.· You had a CRC

25· group, cancer generically or cancer agnostic
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·1· group, and then we think of there being a third

·2· group of patents that have claims that list out

·3· the cancers.

·4· · · · · · ·Do you think of that as a third

·5· group?

·6· · · · · · ·MR. RATLIFF:· I object to the form

·7· · ·of the question.

·8· · · · · · ·THE WITNESS:· Not to my way of

·9· · ·thinking, but I might see where -- again,

10· · ·I'm thinking of it in a certain way.· It's

11· · ·not in my way of thinking, but maybe there

12· · ·are reasons why that might be separately

13· · ·grouped.

14· · · · · · ·There may be issues or things that

15· · ·are related to the specification of the

16· · ·cancer types that are there, but, again,

17· · ·those are the cancers just specifying what's

18· · ·in the non-colorectal cancer category of

19· · ·cancer.

20· BY MS. McCORMICK:

21· · · · Q.· ·We'll keep going through your

22· declarations, and I think we'll get to this

23· third group.

24· · · · · · ·Do you have your '219 patent

25· declaration in front of you, Dr. Neugut?
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·1· · · · A.· ·Ready.

·2· · · · Q.· ·You have your '219 patent

·3· declaration in front of you?

·4· · · · A.· ·Yes.

·5· · · · Q.· ·And it's also marked Exhibit 1003,

·6· so I'll refer to it as the '219 patent

·7· declaration.· Okay?

·8· · · · A.· ·Yes.

·9· · · · Q.· ·And if you turn to page 66 of 75 of

10· your '219 declaration, do you see your

11· signature?

12· · · · A.· ·Yes.

13· · · · Q.· ·And you signed this '219 declaration

14· on March 4, 2024?

15· · · · A.· ·Yes.

16· · · · Q.· ·And the '219 patent is also claiming

17· methods of treating MSI high patients without

18· referring to the cancer type, correct?

19· · · · · · ·MR. RATLIFF:· I object to the form

20· · ·of the question.

21· · · · · · ·THE WITNESS:· Yes.

22· BY MS. McCORMICK:

23· · · · Q.· ·Is it fair if I group this with the

24· '356 patent as referring to cancer agnostic

25· patients?
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·1· · · · A.· ·If you like.

·2· · · · Q.· ·Will you understand what I mean?

·3· · · · A.· ·Yes.

·4· · · · Q.· ·Did you do anything different, or

·5· did this '219 declaration preparation stand out

·6· to you in any way?

·7· · · · · · ·MR. RATLIFF:· I object to the form

·8· · ·of those questions.

·9· · · · · · ·THE WITNESS:· I thought, just like

10· · ·the other, my charge in reviewing these was

11· · ·in understanding or determining whether the

12· · ·claims as they are listed for '356 or for

13· · ·this were described in the study record, and

14· · ·for both of these they were all in the study

15· · ·record.· After that, it didn't matter to me

16· · ·what might or might not be included in the

17· · ·patent claims or in the documents.· So that

18· · ·was all I cared about.

19· BY MS. McCORMICK:

20· · · · Q.· ·Did you do anything different to

21· prepare your '219 patent declaration than you

22· did for the other declarations you submitted

23· for this dispute?

24· · · · A.· ·I followed the same procedure.

25· Again, this all built off the original extended
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·1· generic global discussions of the science

·2· involved in MSI and of treatment of colon

·3· cancer and the cancer in general with regard to

·4· MSI and of the conduct of trials, et cetera,

·5· and then the preparation of -- and then the

·6· preparation of the draft for the declaration by

·7· counsel and the revisions that were made by me

·8· and drafts going back and forth until it

·9· reached a satisfactory version which I was

10· comfortable signing so that it could be

11· submitted to you.

12· · · · Q.· ·And what you just described is the

13· process you did for preparing the '219 patent

14· declaration, right?

15· · · · A.· ·That's correct.

16· · · · Q.· ·Dr. Neugut, do you have the '974

17· patent declaration in front of you?

18· · · · A.· ·Yes.

19· · · · Q.· ·Will you turn to page 72 of 81 of

20· the '974 patent declaration?

21· · · · A.· ·Okay.

22· · · · Q.· ·And do you see your signature?

23· · · · A.· ·Yes.

24· · · · Q.· ·And did you sign the '974 patent

25· declaration on March 4, 2024?
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·1· · · · A.· ·Yes, I did.

·2· · · · Q.· ·And was your process for preparing

·3· your '974 patent declaration any different than

·4· what you previously described for preparing

·5· your other declarations?

·6· · · · A.· ·No, it was not.

·7· · · · Q.· ·The claims of the '974 patent, those

·8· are also claiming a method of treatment without

·9· describing the cancer type, correct?

10· · · · · · ·MR. RATLIFF:· I object to the form

11· · ·of the question.

12· · · · · · ·THE WITNESS:· That's correct.

13· BY MS. McCORMICK:

14· · · · Q.· ·Dr. Neugut, do you have the '975

15· patent declaration in front of you?

16· · · · A.· ·Yes.

17· · · · Q.· ·If you turn to page 74 of the '975

18· patent declaration, do you see your signature?

19· · · · A.· ·Yes.

20· · · · Q.· ·And you signed the '975 patent

21· declaration on March 4, 2024; is that right?

22· · · · A.· ·Yes.

23· · · · Q.· ·And did you do anything different

24· than what you previously described in preparing

25· your declaration for the '975 patent?
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·1· · · · A.· ·I don't believe that I did, no.

·2· · · · Q.· ·And the '975 patent also claims

·3· methods of treating cancer patients without

·4· specifying the cancer type, correct?

·5· · · · · · ·MR. RATLIFF:· I object to the form

·6· · ·of the question.

·7· · · · · · ·THE WITNESS:· That's correct.

·8· BY MS. McCORMICK:

·9· · · · Q.· ·So, Dr. Neugut, we just reviewed the

10· '356 patent declaration, the '219 patent

11· declaration, the '974 patent declaration and

12· the '975 patent declaration.

13· · · · · · ·If I refer to those as the cancer

14· agnostic group, will you know I'm referring to

15· those four patents?

16· · · · · · ·MR. RATLIFF:· I object to the form

17· · ·of the question.

18· · · · · · ·THE WITNESS:· If you ask me to, I

19· · ·will.

20· BY MS. McCORMICK:

21· · · · Q.· ·And you signed all four of those

22· declarations on the same day, correct?

23· · · · A.· ·Yes.

24· · · · Q.· ·Dr. Neugut, do you have the '187

25· patent declaration in front?
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·1· · · · A.· ·Yes.

·2· · · · Q.· ·If you turn to page 75 of 84 of the

·3· '187 patent declaration, do you see your

·4· signature?

·5· · · · A.· ·Yes.

·6· · · · Q.· ·And you signed the '187 patent

·7· declaration on March 13, 2024, correct?

·8· · · · A.· ·Yes.

·9· · · · Q.· ·Was your process for preparing the

10· '187 patent declaration any different than what

11· we've previously discussed?

12· · · · A.· ·No.

13· · · · Q.· ·The claims of the '187 patent

14· described methods of treating cancer where the

15· claims list out cancer types, correct?

16· · · · · · ·MR. RATLIFF:· I object to the form

17· · ·of the question.

18· · · · · · ·THE WITNESS:· It lists certain

19· · ·cancers, yes.

20· BY MS. McCORMICK:

21· · · · Q.· ·Let's actually look at the '187

22· patent if you have that in front of you.· Do

23· you have the '187 patent in front of you, Dr.

24· Neugut?

25· · · · A.· ·Yes.
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·1· · · · Q.· ·We can look at claim 1.· Claim 1

·2· claims a method for treating a patient having a

·3· solid tumor selected from the group consisting

·4· of a list of cancers.

·5· · · · · · ·Do you see that?

·6· · · · A.· ·Yes.

·7· · · · Q.· ·And the list of cancers here in

·8· claim 1 of the '187 patent does not include

·9· colorectal cancer, correct?

10· · · · A.· ·Correct.

11· · · · Q.· ·If I refer to this method of

12· treating in the '187 patent as the list of

13· cancers, will you understand what I mean?

14· · · · · · ·MR. RATLIFF:· I object to the form

15· · ·of the question.

16· · · · · · ·THE WITNESS:· You mean this

17· · ·particular list of cancers?

18· · · · · · ·MS. McCORMICK:· Yes.

19· · · · · · ·MR. RATLIFF:· Same objection.

20· · · · · · ·THE WITNESS:· Okay.

21· · · · · · ·MS. McCORMICK:· I'm just trying to

22· · ·establish some common terminology so that we

23· · ·don't have to say every one of those cancers

24· · ·every time we refer to the method of

25· · ·treatment claimed here in the '187 patent.
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·1· · · · · · ·MR. RATLIFF:· If that's a question,

·2· · ·I object to the form of the question.

·3· BY MS. McCORMICK:

·4· · · · Q.· ·Does that work for you, Dr. Neugut?

·5· · · · A.· ·If you wish, you can call it that,

·6· yes.

·7· · · · Q.· ·Perfect.· As far as the sequence of

·8· preparing your '187 patent declaration, do you

·9· recall if you did this after the cancer

10· agnostic group of patents?

11· · · · A.· ·I have no recollection.

12· · · · Q.· ·Dr. Neugut, do you have the '462

13· patent declaration in front of you?

14· · · · A.· ·Did you say '462?

15· · · · Q.· ·I did.· Do you have the '462 patent

16· declaration in front of you, Dr. Neugut?

17· · · · A.· ·Yes.

18· · · · Q.· ·If you could turn to page 76 of 85

19· of the '462 patent declaration, do you see your

20· signature?

21· · · · A.· ·Yes.

22· · · · Q.· ·And you signed the '462 patent

23· declaration on March 13, 2024, correct?

24· · · · A.· ·Yes.

25· · · · Q.· ·Did you do anything different than
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·1· what we've already discussed to prepare your

·2· declaration for the '462 patent?

·3· · · · A.· ·Not to my knowledge.

·4· · · · Q.· ·The claim of the '462 patent claim a

·5· method of treating a list of cancer -- claim a

·6· method of treating cancers and list out cancer

·7· types, correct?

·8· · · · · · ·MR. RATLIFF:· I object to the form

·9· · ·of the question.

10· · · · · · ·THE WITNESS:· Yes.

11· BY MS. McCORMICK:

12· · · · Q.· ·And the list of cancer types in the

13· '462 patent, that's the same as the list of

14· cancer types in the '187 patent, right?

15· · · · · · ·MR. RATLIFF:· I object to the form

16· · ·of the question.

17· · · · · · ·THE WITNESS:· I would have to check,

18· · ·but it looked similar.· It's probably

19· · ·overlapping -- or it's probably identical,

20· · ·but I didn't check it specifically.

21· BY MS. McCORMICK:

22· · · · Q.· ·Let's do that just to make sure

23· we're on the same page.

24· · · · A.· ·Which was the other one?

25· · · · Q.· ·The '187 patent compared to the '462
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·1· patent.

·2· · · · A.· ·Okay.· Okay.

·3· · · · Q.· ·Are the list of cancers in the '187

·4· patent claims the same as the list of cancers

·5· in the '462 patent claims?

·6· · · · A.· ·Yes.

·7· · · · Q.· ·Dr. Neugut, do you have the '491

·8· patent declaration in front of you?

·9· · · · A.· ·Yes.

10· · · · Q.· ·If you turn to page 79 of 88 of the

11· '491 patent declaration, do you see your

12· signature?

13· · · · A.· ·Yes.

14· · · · Q.· ·You signed the '491 patent

15· declaration on March 13, 2024?

16· · · · A.· ·Yes.

17· · · · Q.· ·And the claims of the '491 patent

18· have the same list of cancers as the '462 and

19· '187 patents, correct?

20· · · · · · ·MR. RATLIFF:· I object to the form

21· · ·of the question.

22· · · · · · ·THE WITNESS:· Yes.

23· BY MS. McCORMICK:

24· · · · Q.· ·Did you do anything different to

25· prepare the '491 patent declaration than what
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·1· we've already discussed?

·2· · · · A.· ·No.

·3· · · · Q.· ·Dr. Neugut, we just reviewed your

·4· patent declarations for the '187 patent, the

·5· '462 patent and the '491 patent, right?

·6· · · · · · ·MR. RATLIFF:· I object to the form

·7· · ·of the question.

·8· · · · · · ·THE WITNESS:· Yes.

·9· BY MS. McCORMICK:

10· · · · Q.· ·And if I refer to the '187, '462 and

11· '491 patent declarations as -- let me start

12· again.

13· · · · · · ·If I refer to the '187, '462 and

14· '491 patents as claiming a list of cancer

15· types, will you understand what I mean?

16· · · · · · ·MR. RATLIFF:· I object to the form

17· · ·of the question.

18· · · · · · ·THE WITNESS:· Yes.

19· BY MS. McCORMICK:

20· · · · Q.· ·Just to establish some common

21· terminology, we have a group of patents that

22· you opined on that claim colorectal cancer,

23· correct?

24· · · · A.· ·Yes.

25· · · · Q.· ·And we have a group of patents that
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·1· you opined on that claim cancer generically or

·2· agnostically.

·3· · · · · · ·MR. RATLIFF:· I object to the form

·4· · ·of the question.

·5· · · · · · ·THE WITNESS:· Yes.

·6· BY MS. McCORMICK:

·7· · · · Q.· ·And we have a third group of patents

·8· that you opined on that refer to a list of

·9· cancer types, correct?

10· · · · · · ·MR. RATLIFF:· I object to the form

11· · ·of the question.

12· · · · · · ·THE WITNESS:· Yes.

13· BY MS. McCORMICK:

14· · · · Q.· ·Dr. Neugut, since we last spoke, has

15· anything changed with respect to your

16· relationship with Merck?

17· · · · · · ·MR. RATLIFF:· I object to the form

18· · ·of the question.

19· · · · · · ·THE WITNESS:· My relationship with

20· · ·Merck?· Did I have any relationship before

21· · ·with Merck?

22· BY MS. McCORMICK:

23· · · · Q.· ·Do you have any relationship with

24· Merck?

25· · · · A.· ·Well, I have a very distant
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·1· relationship that's totally irrelevant to what

·2· we're doing today in the sense that I sit on

·3· the DSMB of a study which involves I think one

·4· of their drugs, which, again, has nothing to do

·5· with what we're talking about, a diabetes -- I

·6· think one of their drugs is involved, a

·7· diabetes drug.

·8· · · · Q.· ·What's DSMB?

·9· · · · A.· ·A data safety monitoring board.· In

10· other words, there's a class of drugs called

11· GLP-1 agonist.· It's a class of drugs used for

12· diabetes, and there's a concern that they

13· increase the risk of thyroid cancer.· And

14· Ozempic, for example, is one of them.· And when

15· the drugs were approved by the FDA, the FDA

16· required that any company that makes one of

17· these drugs that there be a study to determine

18· if the rates of thyroid cancer are increased in

19· the United States.· So there's a study to

20· follow the rates of thyroid cancer in the

21· United States.· So any company that makes one

22· of these drugs has to participate in this

23· study, and I think Merck makes one of the

24· drugs.· So it's sort of involved in that.

25· · · · Q.· ·Did Merck hire you to be on the --
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·1· · · · A.· ·No, it's done by a contract company.

·2· They handle everything.· There were five or six

·3· or seven companies that contribute -- that pay

·4· for this contract company to conduct the study

·5· of thyroid cancer, and they hire the scientists

·6· who are participating.

·7· · · · · · ·But that's a very peripheral thing.

·8· I don't even know when Merck's participation

·9· began because it would only have begun when

10· they started making one of these drugs that's

11· FDA approved.· I think they recently starting

12· making one of these drugs.· The study has been

13· going on for like ten years, but I think Merck

14· recently started making one of these drugs.· So

15· they are sort of involved.· But, again, it has

16· nothing to do with anything.

17· · · · Q.· ·Other than your participation on

18· this DSMB, do you have any other relationship

19· with Merck?

20· · · · A.· ·No.

21· · · · Q.· ·Do you work with Merck's counsel,

22· Paul Hastings, for anything other than this

23· dispute?

24· · · · A.· ·No.

25· · · · Q.· ·Do you have any relationship with
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·1· Johns Hopkins?

·2· · · · A.· ·I might have had some relation, you

·3· know, 20 or 30 years ago, but I don't recall

·4· anything recently.

·5· · · · Q.· ·Have you ever worked with

·6· researchers from Johns Hopkins?

·7· · · · A.· ·I would think that I collaborated on

·8· something or other 20 or 30 years ago, but

·9· nothing in the recent past.

10· · · · Q.· ·How much have you been paid so far

11· for your work in connection with this case?

12· · · · A.· ·I would have to look in my records

13· to see.· If you want the exact figure, I would

14· have to look in my records to see that.

15· · · · Q.· ·An estimate is fine.

16· · · · A.· ·I'm going to guess between 50- and

17· 75,000.

18· · · · Q.· ·And can you estimate how many hours

19· you've spent working on this dispute?

20· · · · A.· ·No, I cannot.· I would have to again

21· look in my records to let you know.

22· · · · Q.· ·Since we last spoke, have your

23· expert opinions been excluded from any case?

24· · · · A.· ·No.

25· · · · Q.· ·Since we last spoke, has your expert
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·1· testimony ever been excluded from a case?

·2· · · · A.· ·No.

·3· · · · Q.· ·Dr. Neugut, are you familiar with a

·4· term objective indicia or secondary

·5· considerations of nonobviousness?

·6· · · · A.· ·No.

·7· · · · Q.· ·If you're not familiar with the

·8· term, is it fair to say you did not evaluate

·9· objective indicia or secondary considerations

10· of nonobviousness as part of your opinions in

11· this case?

12· · · · A.· ·No, I did not do that.

13· · · · Q.· ·Dr. Neugut, you're a clinical

14· oncologist, correct?

15· · · · A.· ·Yes.

16· · · · Q.· ·You treat cancer patients?

17· · · · A.· ·Yes.

18· · · · Q.· ·What types of cancers do you treat?

19· · · · A.· ·I treat cancers of the GI tract and

20· primarily colorectal cancer and anal and

21· gastric cancer.

22· · · · Q.· ·Do you treat MSI high patients?

23· · · · A.· ·Yes.

24· · · · Q.· ·Do you test your patients for MSI

25· high status?
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·1· · · · A.· ·Yes.

·2· · · · Q.· ·Do you order the test or does a

·3· different person?

·4· · · · A.· ·The testing of being MSI high is

·5· generally now a reflexive test that's done as a

·6· matter of routine on patients who undergo

·7· surgery or biopsy.· So by the time they get to

·8· me, it's already -- I'll say 80 percent of the

·9· time it's already been done, so I have the

10· result available to me.· If a patient somehow

11· manages to get to me without the test having

12· been done, which happens not infrequently, then

13· I certainly order it.· No patient gets by me

14· without having their MSI tested.

15· · · · Q.· ·And you said now it's a reflexive

16· test that you run.

17· · · · · · ·When did that change?

18· · · · A.· ·That's a good question.· I would say

19· it was a transitional thing that occurred.· In

20· other words, it didn't happen all at once.

21· Sometime between 2010 and 2013 I would say it

22· was happening gradually.· By 2013, 2014, I

23· would say everyone -- again, by then, at least

24· at a place like Columbia where I am, it was a

25· routine test.· I don't know if I would say that
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·1· in the community at that point -- I don't

·2· recall.· I don't know if in the community it

·3· was a routine test, but certainly at Columbia

·4· it was.· Now it's a routine test even in the

·5· community, but even in the community I still

·6· get patients who come and they haven't been

·7· tested in the community.· Particularly if the

·8· biopsy is from a tumor which was not in the

·9· colon, which someone has a metastasis in the

10· lung or somewhere else and then they get a

11· biopsy of the metastasis, then it may not be

12· tested for MSI.· It happens.

13· · · · Q.· ·Why did this change in frequency of

14· MSI high testing happen?

15· · · · A.· ·I think it changed because -- it

16· didn't change because of the PD-1 inhibitors.

17· It changed I think initially because it had

18· prognostic significance, and it was an

19· important thing to know.· It changed because it

20· was a genetic marker.· You want to know if a

21· person might have lynch syndrome.· So I think

22· it did change for those reasons.· It changed

23· because it was a predictor of how the patient

24· would respond to treatment with a five

25· fluorouracil, one of the chemotherapy drugs.
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·1· So there were a number of reasons why you

·2· wanted to know the MSI status of a colorectal

·3· cancer patient.

·4· · · · · · ·Then once the PD-1 inhibitors came

·5· along, that certainly became important.· Of

·6· course they were only important for metastatic

·7· patients, which is only a small fraction --

·8· well, a fraction of the patients.· So it

·9· wouldn't necessarily have made it reflexive for

10· everybody, but, nonetheless, you're either

11· metastatic in diagnosis or you have a risk of

12· becoming metastatic.· So the information

13· wouldn't necessarily be important from the PD-1

14· inhibitor point of view.

15· · · · · · ·MR. RATLIFF:· We've been going for

16· · ·an hour.· Can we take a break?

17· · · · · · ·MS. McCORMICK:· Sure.

18· · · · · · · · · · -· -  -

19· · · · · · ·(Whereupon, a recess was held.)

20· · · · · · · · · · -· -  -

21· BY MS. McCORMICK:

22· · · · Q.· ·Dr. Neugut, did you talk about the

23· substance of your testimony with counsel during

24· the break?

25· · · · A.· ·No.
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·1· · · · Q.· ·Before the break, we were talking

·2· about testing for MSI status.

·3· · · · · · ·Do you recall that?

·4· · · · A.· ·Yes.

·5· · · · Q.· ·So now you test all the cancer

·6· patients that you see for MSI status?

·7· · · · · · ·MR. RATLIFF:· I object to the form

·8· · ·of the question.

·9· · · · · · ·THE WITNESS:· At some point for

10· · ·sure, yes.

11· BY MS. McCORMICK:

12· · · · Q.· ·But that hasn't always been the

13· case, right?

14· · · · A.· ·I don't know what always means.

15· · · · Q.· ·Before you didn't test all the

16· cancer patients you saw, right?

17· · · · · · ·MR. RATLIFF:· I object to the form

18· · ·of the question.

19· · · · · · ·THE WITNESS:· I mean, certainly if

20· · ·one goes way back to when the doesn't wasn't

21· · ·done, it didn't exist.

22· BY MS. McCORMICK:

23· · · · Q.· ·If it helps, you said in 2010 to

24· 2013, there was a gradual change in the

25· frequency of MSI testing, right?
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·1· · · · · · ·MR. RATLIFF:· I object to the form

·2· · ·of the question.

·3· · · · · · ·THE WITNESS:· That's my

·4· · ·recollection.· I mean, my choice of those

·5· · ·years is what my memory tells me.· I may be

·6· · ·off a little bit, but that's my gestalt of

·7· · ·when it became I'll say normative to do MSI

·8· · ·testing.· It might have been a little later.

·9· · ·It might have been a little earlier.· But

10· · ·that would be my time frame for when this

11· · ·became commonplace.

12· BY MS. McCORMICK:

13· · · · Q.· ·And did it become normative to test

14· for MSI status before PD-1 inhibitors were

15· available for treatment?

16· · · · A.· ·As I was saying before, it became --

17· I would say it became common to do it

18· particularly at the more academic and

19· forward-looking institutions like my own.  I

20· would probably say that if you went to a

21· Community Hospital or a city hospital or

22· something like that, it might not have been as

23· normal or as routinely done.· It would have

24· only been done under certain circumstances.

25· But certainly at a place like Columbia or NYU
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·1· or Harvard or something like that, yes, it was

·2· more routinely done.· Even there it would be

·3· missed occasionally, but it gradually became

·4· more commonplace and routine.

·5· · · · Q.· ·And before PD-1 inhibitors were

·6· available for treating cancer patients, what

·7· were the reasons you were testing cancer

·8· patients for MSI status?

·9· · · · A.· ·As I said, at some point it was

10· recognized that it was a good prognostic

11· indicator for colon cancer.· If you were MSI

12· high, you had a better prognosis than if you

13· were MSI negative.· So that was one reason.· It

14· also predicted response to 5 fluorouracil.

15· That's the main drug we use, and if it turned

16· out you were not going to be very responsive to

17· that drug, that was important information to

18· know.

19· · · · · · ·It also -- about a third of patients

20· who are MSI high turn out to have Lynch

21· syndrome, so it would also tell you or at least

22· it would give you an indication of whether you

23· should test someone for the germline presence

24· of mismatch repair genes in their genome.

25· · · · Q.· ·Are there any other reasons for
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·1· testing a cancer for MSI high status before

·2· PD-1 inhibitors were available for treatment?

·3· · · · · · ·MR. RATLIFF:· I object to the form

·4· · ·of the question.

·5· · · · · · ·THE WITNESS:· As I'm sitting here, I

·6· · ·don't know offhand of any.· Maybe there is,

·7· · ·but those are the ones I know.

·8· BY MS. McCORMICK:

·9· · · · Q.· ·Before PD-1 inhibitors were

10· available for treatment, did the MSI test

11· determine the treatment you would use for a

12· cancer patient?

13· · · · · · ·MR. RATLIFF:· I object to the form

14· · ·of the question.

15· · · · · · ·THE WITNESS:· Under certain

16· · ·circumstances.

17· BY MS. McCORMICK:

18· · · · Q.· ·What circumstances are those?

19· · · · A.· ·Well, as I said, you could not give

20· an MSI high patient 5 fluorouracil alone.· It

21· would not be effective.· So that was the main

22· one.· You could only give FOLFOX or FOLFIRI

23· if the patient was MSI high.· So that was an

24· important consideration for MSI high patients.

25· You can only give FOLFOX or FOLFIRI if someone
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·1· was MSI high.

·2· · · · Q.· ·Were there any other

·3· treatment-related decisions you would make

·4· before PD-1 inhibitors were available for

·5· treatment related to MSI high status?

·6· · · · · · ·MR. RATLIFF:· I object to the form

·7· · ·of the question.

·8· · · · · · ·THE WITNESS:· Again, I don't know if

·9· · ·this is called treatment.· It would

10· · ·determine whether you wanted to test someone

11· · ·for Lynch syndrome.· So of course if they

12· · ·had Lynch syndrome, then you would be off on

13· · ·that tangent dealing with that and treating

14· · ·them appropriately for that condition.· So

15· · ·that was an important issue.

16· BY MS. McCORMICK:

17· · · · Q.· ·How do you deal with treating

18· someone with Lynch syndrome before PD-1

19· inhibitors were available?

20· · · · · · ·MR. RATLIFF:· I object to the form

21· · ·of the question.

22· · · · · · ·THE WITNESS:· Well, there are

23· · ·several considerations.· One is, you want to

24· · ·test their family members for the disease as

25· · ·well, primarily their children or their
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·1· · ·siblings, and see if they have Lynch

·2· · ·syndrome.· So it's an important genetic

·3· · ·issue.

·4· · · · · · ·In terms of the patient him or

·5· · ·herself, they're at risk for a number of

·6· · ·cancers in addition to the colon cancer that

·7· · ·they presumably already have.· So you have

·8· · ·to screen them for the other cancers that

·9· · ·they're at risk of developing, notably

10· · ·gastric cancer, endometrial cancer, small

11· · ·bowel cancer, pancreas cancer, a few others.

12· · ·So you have to basically do testing to make

13· · ·sure that they don't have those conditions

14· · ·as well.· So they go for a whole panel of

15· · ·tests.· If it's a woman, she has to have a

16· · ·hysterectomy, assuming she's already had her

17· · ·children and things like that.

18· BY MS. McCORMICK:

19· · · · Q.· ·Anything else for treating Lynch

20· syndrome patients before PD-1 inhibitors were

21· available?

22· · · · · · ·MR. RATLIFF:· I object to the form

23· · ·of the question.

24· · · · · · ·THE WITNESS:· Well, again, the

25· · ·patient let's say who's already had a colon
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·1· · ·cancer is at an increased risk for getting

·2· · ·another colon cancer, so you might consider

·3· · ·taking out what's left of their colon so

·4· · ·they don't get it.· But it doesn't change

·5· · ·treatment in the sense of chemo or anything

·6· · ·like that.

·7· BY MS. McCORMICK:

·8· · · · Q.· ·You also said that it was common to

·9· test for MSI before PD-1 inhibitors were

10· available because it was a prognostic

11· indicator.

12· · · · · · ·What did you mean by that?

13· · · · A.· ·So after you tell someone that they

14· have cancer, whatever the cancer may be,

15· usually their next question is, "What are my

16· chances?"· So we do like to be able to give

17· them some kind of answer to that question.

18· Staging is usually the best or the most

19· important part of the prognostic determination,

20· Stage 1, 2, 3, 4.· But on top of that there are

21· other biological factors that will play into

22· your prognosis.

23· · · · · · ·So MSI does give you a few points

24· one way or the other in terms of your

25· prognosis.· So if you're MSI high, you'll
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·1· probably get a benefit of 3 to 5 percent in

·2· terms of reduced risk of recurrence of the

·3· tumor.

·4· · · · Q.· ·And how has MSI testing changed now

·5· that PD-1 inhibitors are available for

·6· treatment?

·7· · · · A.· ·Well, if you're MSI negative, it

·8· hasn't done anything for you except given you

·9· disappointment.· If you're MSI high, it's a

10· major boom because what it does is it allows

11· you to be treated with one of the

12· immunotherapeutic agents as opposed to

13· conventional chemotherapy.· So it depends if

14· we're talking about someone who's metastatic

15· and now it's already extended into neoadjuvant

16· therapy.

17· · · · · · ·So the world is turning over.· It's

18· like a whole -- I mean just the papers about

19· six months ago that's going to totally

20· revolutionize the treatment of colon cancer,

21· again only for those who are MSI high.· If

22· you're not MSI high, you get nothing.· But if

23· you are MSI high, it's a whole new world

24· because we'll be giving a PD-1 inhibitor prior

25· to surgery, and with that a tumor disappears a

50

http://www.sullivancourtreporters.com/


·1· large percentage of time.· I think people are

·2· not going to be getting surgery so much.· It's

·3· really remarkable.· I mean, this is really very

·4· new, in the last two years, but for rectal

·5· cancer it's already normative, and for colon

·6· cancer it's now just starting, but I think that

·7· will -- it hasn't become routine yet, but I

·8· think in the next year it will be routine to

·9· give -- for those who are MSI high to give

10· nivolumab or pembrolizumab prior to surgery,

11· and that will really change how colon cancer is

12· treated.· That's a very large part of the colon

13· cancer population.

14· · · · Q.· ·How large a portion of the colon

15· cancer population are the MSI high patients?

16· · · · A.· ·15 to 20 percent.· I mean, if you're

17· metastatic, the percentage is very small, but

18· if we're talking about the entire population of

19· colon cancer patients, it's 15 to 20 percent.

20· · · · Q.· ·Now that PD-1 inhibitors are

21· available for treatment, if you're MSI high,

22· it's a major boom because it allows you to be

23· treated with an immunotherapeutic agent like

24· pembrolizumab, right?

25· · · · · · ·MR. RATLIFF:· I object to the form

51

http://www.sullivancourtreporters.com/


·1· · ·of the question.

·2· · · · · · ·THE WITNESS:· Yeah, but now there's

·3· · ·a whole host of drugs that are available.  I

·4· · ·mean, pembrolizumab is, I would say,

·5· · ·receding into the background a little bit

·6· · ·but still a major player.· But there's

·7· · ·nivolumab, ipilimumab, and there's a drug

·8· · ·called dostarlimab.· There's another drug

·9· · ·that's slipping my mind.· There are other

10· · ·competitors, and which one you should use

11· · ·when, I mean, I guess the literature will

12· · ·sort that out as time goes by.

13· BY MS. McCORMICK:

14· · · · Q.· ·You had mentioned that there was a

15· paper six months ago reporting something

16· interesting about treatment.

17· · · · · · ·Do you recall that?

18· · · · A.· ·Yes.

19· · · · Q.· ·What journal were you reading that

20· in?

21· · · · A.· ·The New England Journal of Medicine.

22· · · · Q.· ·Do you read that journal, The New

23· England Journal of Medicine, often?

24· · · · A.· ·Regularly.

25· · · · Q.· ·Do you get a physical copy of it?
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·1· · · · A.· ·No, I don't get a physical copy of

·2· anything anymore.· I mean, it actually comes to

·3· me in my mailbox, a paper copy, and I throw it

·4· in the garbage.· No, it comes online.

·5· · · · Q.· ·Do you read the whole journal when

·6· you get it online?

·7· · · · A.· ·I go through the table of contents,

·8· and I read the articles that are of interest to

·9· me that are relevant.· I mean, I don't read the

10· articles on Nile Valley fever or something like

11· that that are not appropriate to me.

12· · · · · · ·Also, I always liked The New England

13· Journal, but they've become left-wing liberal.

14· Their articles now are a bit offbeat sometimes,

15· but most of their stuff is still -- the key

16· articles in treatment do end up published

17· there.· You do have to look at The New England

18· Journal to know what's most important.

19· · · · Q.· ·Other than The New England Journal

20· of Medicine, what other journals do you read?

21· · · · A.· ·Well, again, if you say "read," I'm

22· talking about going through the table of

23· contents and looking at the articles that are

24· of interest and what I consider important.

25· · · · · · ·So I look at the Journal of Clinical
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·1· Oncology, JAMA.

·2· · · · Q.· ·What's JAMA?

·3· · · · A.· ·Journal of the American Medical

·4· Association.· JAMA Oncology.· So JAMA has a

·5· family of subspecialty journals.· So there's

·6· JAMA Oncology, JAMA Surgery, JAMA Internal

·7· Medicine, on and on and on.· So they send

·8· around the digest of all the articles on cancer

·9· from all of their journals.· So I look at the

10· JAMA cancer articles from all the JAMA network

11· journals.· In other words, if there's a cancer

12· article in the JAMA Surgery, then I see that.

13· If JAMA Surgery has an article on how to do

14· better sutures in appendectomies, I don't

15· really care about that.· But the cancer

16· articles from JAMA Surgery are important to me.

17· So they have a digest of all the cancer

18· articles that they send around, so that I look

19· at very carefully.

20· · · · · · ·ASCO, the American Society of

21· Clinical Oncology, sends around a daily digest

22· called ASCO Communication, which is basically

23· all the key cancer articles or other

24· publications that goes around daily, not just

25· from cancer journals but from lay publications
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·1· as well.· That is terrific.· I mean, they'll

·2· quote the New York Times.· So that I find

·3· extremely -- and they have an article today on

·4· like -- the Times talking about alcohol, the

·5· Surgeon General wanting to put alcohol

·6· warnings on -- warnings about cancer on alcohol

·7· bottles.· They had an article about that.· So

·8· that's a very useful thing for me.

·9· · · · · · ·I also read the Journal of the

10· National Cancer Institute.· That's a very

11· useful journal for me.· Cancer Epidemiology,

12· Biomarkers & Prevention, a journal called The

13· Oncologist.· And I read all the JCO family

14· journals.· They have a whole family of journals

15· as well.· So I see most of their journals,

16· Journal of Global Oncology, Journal of -- a few

17· others like that.· That's it.· I also look at

18· the Annals of Internal Medicine.

19· · · · Q.· ·Why do you read all of those

20· journals?

21· · · · · · ·MR. RATLIFF:· I object to the form

22· · ·of the question.

23· · · · · · ·THE WITNESS:· So I can be educated

24· · ·and stay up with my field.· I want to know

25· · ·what's going on.· How else do you stay

55

http://www.sullivancourtreporters.com/


·1· · ·current?· It's a responsibility to your

·2· · ·patients and to yourself and also so some

·3· · ·resident doesn't show me up on rounds.

·4· BY MS. McCORMICK:

·5· · · · Q.· ·So the journals that you just

·6· listed -- I think there were at least eight

·7· plus The New England Journal of Medicine -- do

·8· you read those routinely?

·9· · · · A.· ·Yes.

10· · · · Q.· ·Are there any other journals that

11· you read routinely, other than the ones you

12· just listed?

13· · · · A.· ·Well, I mean, I get a lot of -- so

14· there are other journals that I see

15· intermittently.· Breast Cancer Research and

16· Treatments I'd see occasionally.· The Lancet.

17· There's a journal called Cancer.· But I

18· don't -- I don't make it a routine to go out of

19· my way to look at them all the time.

20· · · · · · ·And then there are digests that are

21· sent around, what we call throwaways, like

22· advertising things that send you information.

23· So they'll list articles that are published,

24· and sometimes I'll click on it and look at an

25· article that's in some obscure journal and look
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·1· at that but not that commonly.

·2· · · · Q.· ·Do you read journal articles from

·3· Cancer Genomics?

·4· · · · A.· ·No.

·5· · · · Q.· ·Do you read articles from The

·6· Journal of Immunology?

·7· · · · A.· ·No.· I mean, I may read an

·8· occasional one because it will come up in -- if

·9· I'm writing a paper and something will come up

10· where I need a reference on something, so I may

11· see an occasional article from that journal,

12· but I don't routinely scan its website or its

13· table of contents to see all of the articles in

14· that journal.

15· · · · Q.· ·Do you routinely read articles in

16· The Journal of Immunotherapy?

17· · · · A.· ·No.

18· · · · Q.· ·Do you routinely read articles in

19· the World Journal of Gastroenterology?

20· · · · A.· ·Again, I don't make it my routine to

21· catch every issue, but now and then I'll see a

22· -- I'll catch it.

23· · · · Q.· ·When was the last time -- have you

24· ever cited an article from the World Journal of

25· Gastroenterology as part of your work as a
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·1· clinical oncologist?

·2· · · · A.· ·Sure.· I've published there.· It's

·3· actually not a bad journal.

·4· · · · Q.· ·I hope there's not a lot of bad

·5· journals.

·6· · · · · · ·MR. RATLIFF:· If that's a question,

·7· · ·I object to the form of the question.

·8· BY MS. McCORMICK:

·9· · · · Q.· ·Do you routinely read from the

10· Journal of OncoImmunology?

11· · · · A.· ·No.

12· · · · Q.· ·Do you routinely read articles from

13· the Journal of Genome Research?

14· · · · A.· ·No.

15· · · · Q.· ·Have you heard of that journal

16· before?

17· · · · A.· ·Yes.· Again, like I say, it may come

18· up if I'm writing about something and

19· particularly a specific article from there may

20· come across my vision, but I don't routinely

21· look at the journal.

22· · · · · · ·There are -- there must be 20,000

23· journals, and there's probably a million or

24· more articles published a year in the

25· biomedical world.· So one doesn't expect to see
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·1· or keep track of all of them.· I'm only talking

·2· about those that are published in English.· So

·3· you do have to pick and choose a little bit.

·4· · · · Q.· ·How did you identify the references

·5· that you rely on in your declarations?

·6· · · · A.· ·Most of them were chosen by the

·7· attorneys.

·8· · · · Q.· ·Are there any that you chose?

·9· · · · A.· ·As I'm sitting here, I don't recall,

10· but there may be one or two.

11· · · · Q.· ·Did you look for references as part

12· of preparing your opinions for this case?

13· · · · A.· ·No.

14· · · · Q.· ·Why not?

15· · · · A.· ·The attorneys did it for me.· Again,

16· the articles that were articles I would have

17· read I had read already and were already

18· included.· I mean, I read, for example, the

19· actual trial so that I had seen and read.  I

20· mean, if you want to say I generated that,

21· you're welcome to say that, but that

22· publication I knew.

23· · · · Q.· ·And the trial you're referring to is

24· the -- what trial are you referring to?

25· · · · A.· ·The paper in 2015 of the
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·1· pembrolizumab by Merck and Hopkins.

·2· · · · Q.· ·The paper in 2015 that was published

·3· in The New England Journal of Medicine, you had

·4· reviewed that previously to working on this

·5· case?

·6· · · · A.· ·Yes.· I mean, my point is that some

·7· of the papers that the attorneys provided I had

·8· already seen in the normal course of life.

·9· · · · Q.· ·Just to go back to the testing for a

10· moment, Dr. Neugut, before PD-1 inhibitors were

11· available for treatment, what cancers were

12· being tested for MSI status?

13· · · · · · ·MR. RATLIFF:· I object to the form

14· · ·of the question.

15· · · · · · ·THE WITNESS:· To my knowledge -- and

16· · ·I may not be totally familiar with this,

17· · ·but, to my knowledge, it would have been

18· · ·tumors that are associated with Lynch

19· · ·syndrome.· So it would have been colorectal

20· · ·cancer, small bowel cancer and -- it depends

21· · ·what you mean by being tested.

22· · · · · · ·Are you talking about routinely

23· · ·tested or tested once in a blue moon?

24· · · · · · ·I mean, small bowel cancer and

25· · ·colorectal cancer would have been tested --
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·1· · ·again, if we're in the 2010 to 2015 time

·2· · ·frame, I believe they would have been tested

·3· · ·then reflexively or routinely, whatever term

·4· · ·you would care to use.· Beyond that, I would

·5· · ·not say anything else was tested as

·6· · ·routinely.· Once in a while perhaps a

·7· · ·gastric cancer was tested.

·8· · · · · · ·Around that time, there was also the

·9· · ·gradual increase in a procedure called NGS,

10· · ·next genome sequencing.· That was already

11· · ·going on.· That's like where they're doing

12· · ·testing of the DNA in tumors to look for

13· · ·anything, any kind of marker that would

14· · ·possibly be useful in treating cancers

15· · ·across the board.· This was an outgrowth of

16· · ·the precision medicine movement that was

17· · ·arising in oncology.· So in the consequence

18· · ·of next genome sequencing, they would have

19· · ·been testing for MSI, I suppose, in many

20· · ·different cancers as just kind of a routine.

21· · · · · · ·I don't know what year NGS sort of

22· · ·became a commonplace or a routine test.  I

23· · ·don't know if it goes back as far as 2011,

24· · ·2012, 2013.· Maybe it did.

25· BY MS. McCORMICK:
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·1· · · · Q.· ·NGS testing is not testing for MSI

·2· specifically; it's testing for a lot of things,

·3· correct?

·4· · · · A.· ·Yeah.· If you're asking what would

·5· have been test -- in what tumor would you have

·6· tested consciously for MSI?· I would say

·7· colorectal cancer and small bowel.· Other than

·8· those two, anything else would have been

·9· catch-as-catch can.· It would have been if you

10· had a reason or if someone had a tumor and you

11· wondered if they had Lynch syndrome for some

12· reason, if you had a family history of -- if

13· someone had endometrial cancer and they had a

14· relative who had colon cancer, then you might

15· have tested the endometrial cancer for MSI

16· also.· I think it would have been more random,

17· not routine.

18· · · · Q.· ·Has MSI testing for these other

19· cancers, aside from CRC and small bowel,

20· changed -- the frequency of that testing

21· changed now that PD-1 inhibitors are available?

22· · · · · · ·MR. RATLIFF:· I object to the form

23· · ·of the question.

24· · · · · · ·THE WITNESS:· Yes.

25· BY MS. McCORMICK:
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·1· · · · Q.· ·How has it changed?

·2· · · · A.· ·More frequent.

·3· · · · Q.· ·And why is that?

·4· · · · A.· ·Because we look for -- it's more

·5· common now to treat tumors I guess you would

·6· use the term agnostically without regard to

·7· site and with regard to the biomarker that the

·8· tumor exhibits and hoping that you find

·9· something and give it to the patient.

10· · · · · · ·Personally, I don't find it actually

11· all that helpful.· Maybe I've just had not that

12· much of a positive experience from it or maybe

13· some of my colleagues have had more benefit

14· from it than I have.

15· · · · Q.· ·What do you mean that you haven't

16· had that much of a positive experience from it.

17· What "it" are you talking about?

18· · · · A.· ·I don't find we need, for example,

19· next genome sequencing and just randomly look

20· for any biomarker and you find in a tumor a

21· biomarker that you don't normally see in a

22· given tumor.· That's what the theory is.· It

23· doesn't matter what the tumor is.· If you just

24· find the biomarker, you can treat it.· So then

25· you find it and you give the drug that's
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·1· targeted to that biomarker.· So when I've done

·2· that in my colon cancer patients, I don't find

·3· that I get such dramatic results or benefits

·4· out of it.· Maybe you get a couple of months,

·5· but I don't find that it's really all that --

·6· you know, it's touted as being terrific, but I

·7· don't find -- maybe there are other tumors

·8· where that works.

·9· · · · Q.· ·Are you thinking about MSI when

10· you're talking about this?

11· · · · A.· ·MSI is one of them.· MSI in colon

12· cancer I don't have to worry about that because

13· I always have that.· I'm talking about finding

14· biomarkers that we don't normally test for and

15· we don't normally treat in colon cancer but

16· that have -- that are treatable, what we call

17· druggable biomarkers, which there were a whole

18· slew of them.· So we randomly test for them,

19· and you turn up one, and then you use that drug

20· which you normally would never think to use,

21· and you use it because a particular tumor

22· happens to have that marker in it.

23· · · · · · ·I have to tell you, when I've done

24· that, I don't find that I get particularly

25· positive results out of it.· Again, maybe I'm
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·1· just unlucky or patients I have are unlucky in

·2· that regard, and maybe it works for others

·3· better.· If you read the literature, like some

·4· of the keynote studies, they'll get 4 out of 15

·5· patients responded.· Maybe they do better than

·6· I do.

·7· · · · Q.· ·Do you treat patients with

·8· endometrial cancer?

·9· · · · A.· ·No, that's a gynecologic cancer.· At

10· my institution the gynecologists treat the

11· gynecologic cancers and not the medical

12· oncologists.

13· · · · Q.· ·So you do not treat patients with

14· endometrial cancer?

15· · · · A.· ·No.

16· · · · Q.· ·Do you treat patients with small

17· bowel cancer?

18· · · · A.· ·Yes.

19· · · · Q.· ·And you treat patients with gastric

20· cancer?

21· · · · A.· ·Yes.

22· · · · Q.· ·Do you treat patients with ampullary

23· cancer?

24· · · · A.· ·Not a lot, but occasionally, yes.

25· · · · Q.· ·Do you treat patients with

65

http://www.sullivancourtreporters.com/


·1· cholangiocarcinoma?

·2· · · · A.· ·Again, not commonly, but

·3· occasionally.

·4· · · · Q.· ·Do you treat patients with

·5· pancreatic cancer?

·6· · · · A.· ·I haven't done it in a while.  I

·7· used to be the main pancreas doctor, but in our

·8· institution, we sub -- when you go to the major

·9· cancer centers, everyone sub subspecializes.  I

10· think it's a good thing because then everyone

11· gets really good at what they do.· You know, if

12· you treat right-sided breast cancer, someone

13· else treats left-sided breast cancer.· So

14· someone else treats pancreas, but I used to be

15· the pancreas person.

16· · · · Q.· ·When were you the pancreas person?

17· · · · A.· ·Six, seven years ago, eight years

18· ago.· I don't remember exactly.

19· · · · Q.· ·When you were the person treating

20· pancreas cancer, were you testing pancreas

21· cancer for MSI status routinely?

22· · · · A.· ·My recollection is that when I was

23· the pancreas person, MSI status wasn't routine.

24· · · · Q.· ·Do you treat patients with prostate

25· cancer?
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·1· · · · A.· ·I don't -- it's not my area of

·2· expertise, but the truth is that everyone has

·3· prostate cancers.· It's so common that a large

·4· fraction of my patients happen to have prostate

·5· cancer.· So I see a lot of it even though I

·6· don't particularly specialize in it.

·7· · · · Q.· ·Do you treat patients with breast

·8· cancer?

·9· · · · A.· ·No.

10· · · · Q.· ·Do you treat patients with

11· esophageal cancer?

12· · · · A.· ·No.

13· · · · Q.· ·Do you treat patients with cervical

14· cancer?

15· · · · A.· ·No.

16· · · · Q.· ·Do you treat patients with ovarian

17· cancer?

18· · · · A.· ·No.

19· · · · Q.· ·Do you treat patients with uterine

20· cancer?

21· · · · A.· ·No.

22· · · · Q.· ·Do you treat patients with bladder

23· cancer?

24· · · · A.· ·No.

25· · · · Q.· ·Do you treat patients with
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·1· testicular cancer?

·2· · · · A.· ·No.

·3· · · · Q.· ·Do you treat patients with oral

·4· cancer?

·5· · · · A.· ·No.· I mean, I'm trained to treat

·6· all of them and I'm familiar with all of them

·7· to a greater or lesser degree, but I don't on a

·8· daily basis or as a routine now deal with them.

·9· · · · Q.· ·In preparing your declarations for

10· this case, did you review any articles or

11· references that you did not cite in your

12· declarations?

13· · · · A.· ·I would say probably yes.

14· · · · Q.· ·And why is that?

15· · · · A.· ·Whenever I prepare documents,

16· reports, legal documents, publications within

17· academics, I want to be 100 percent accurate

18· and knowledgeable, and so I'll look things up

19· just to fill in gaps in my information or in my

20· memory.· You know, basic things.· Sometimes I

21· may have forgotten the most fundamental thing.

22· Even when I treat people, I'll use Google to

23· look up a dose of a drug or to make sure I have

24· it right.· I don't want to have one of you guys

25· come after me because I screwed up something.
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·1· I will look up things just to fill in the hole.

·2· I won't remember what an acronym stands for,

·3· and then I'll look it up and then refresh my

·4· memory as to what it is.· I look up PCR, how is

·5· it done?· Do I remember that?· Sure, I learned

·6· it.· But could I tell you now what it is?  I

·7· would have to look it up again.

·8· · · · Q.· ·Can you tell me something that you

·9· looked up that you didn't cite in your

10· declarations that you prepared for this case?

11· · · · A.· ·Not as I sit here right now.  I

12· would look up a general textbook.· I'm talking

13· about things like a textbook equivalent.· I'm

14· not talking about a journal article

15· necessarily.· We're not talking about that

16· level of detail.· I might want to know what's

17· the percent of -- well, you asked me earlier

18· the percent of patients who are MSI high.  I

19· vaguely know what that is sort of on a

20· day-to-day basis, but I don't know the number

21· at my fingertips.· I might have looked that up

22· and found a journal article on that to just

23· make sure I had it right in my head so that I

24· could deal with that.· So that I might have

25· looked up.· I wouldn't have necessarily put the
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·1· reference into any of these articles.· There

·2· was no need to do that.

·3· · · · Q.· ·Dr. Neugut, do you have the MSI high

·4· study record in front of you?· That's

·5· Exhibit 1005.

·6· · · · A.· ·Give me a moment.

·7· · · · Q.· ·Let's actually come back to that one

·8· because I don't have a copy of it in front of

·9· me.· We'll come back to it.

10· · · · · · ·Do you have a copy of Exhibit 1034

11· in front of you?· That's an article by Brown.

12· · · · A.· ·Yes.

13· · · · Q.· ·And you're looking in one of your

14· declarations?

15· · · · A.· ·Yes.

16· · · · Q.· ·Are you looking at something

17· specific?

18· · · · A.· ·I wanted to see what I said about

19· Brown.

20· · · · Q.· ·Have you found it?

21· · · · A.· ·I found one paragraph about it.  I

22· don't know if I quoted it somewhere else.

23· · · · Q.· ·Does Exhibit 1034 look familiar to

24· you?

25· · · · A.· ·Yes.

70

http://www.sullivancourtreporters.com/


·1· · · · Q.· ·This is one of the articles counsel

·2· found for you?

·3· · · · A.· ·Yes.

·4· · · · Q.· ·And in this article, Exhibit 1034,

·5· there's one mention of MSI, correct?

·6· · · · · · ·MR. RATLIFF:· I object to the form

·7· · ·of the question.

·8· BY MS. McCORMICK:

·9· · · · Q.· ·I can point you to page 5 of 8 in

10· Exhibit 1034 at the bottom of the second

11· column.

12· · · · · · ·MR. RATLIFF:· Is there a question

13· · ·pending?

14· BY MS. McCORMICK:

15· · · · Q.· ·Dr. Neugut, do you see the mention

16· of microsatellite instability at the bottom of

17· page 5 of Exhibit 1034?

18· · · · A.· ·No.· Where it talks about being MSI

19· high?

20· · · · Q.· ·No, at the -- do you see a point

21· where it says MSI high?

22· · · · A.· ·You said it was MSI high, mentioned

23· being MSI high.· I don't see it.

24· · · · Q.· ·At the bottom of page 5 of

25· Exhibit 1034, the bottom of that first column.
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·1· · · · A.· ·Oh, the first column.

·2· · · · Q.· ·"In patients with hereditary

·3· nonpolyposis colorectal cancer, microsatellite

·4· instability is a major determinant of dense

·5· tumor infiltration by activated CD8+ T cells."

·6· · · · · · ·Do you see that?

·7· · · · A.· ·Yes.

·8· · · · Q.· ·That's the only mention of

·9· microsatellite instability in this article,

10· right?

11· · · · · · ·MR. RATLIFF:· I object to the form

12· · ·of the question as well as the premise of

13· · ·the question.

14· · · · · · ·THE WITNESS:· I don't know if that's

15· · ·the only mention of it.· I would have to

16· · ·re-read the article to determine that.

17· BY MS. McCORMICK:

18· · · · Q.· ·What is hereditary nonpolyposis?

19· · · · A.· ·Lynch syndrome.

20· · · · Q.· ·Am I saying nonpolyposis correctly?

21· · · · A.· ·Yes.

22· · · · Q.· ·And what does it mean that

23· microsatellite instability is the major

24· determinant of dense tumor infiltration by

25· activated CD8+ T cells?
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·1· · · · A.· ·I think what he is saying is that in

·2· Lynch syndrome in which you're MSI high, you

·3· have -- in those tumors you have -- the tumors

·4· are infiltrated with a high concentration of

·5· immunoreactive T cells.

·6· · · · Q.· ·And why is that important?

·7· · · · A.· ·He's suggesting that patients who

·8· are MSI high or that have this condition have a

·9· more internal immune response.

10· · · · Q.· ·And what do you mean by more

11· internal immune response?

12· · · · A.· ·These are cells which are likely to

13· have the ability to fight against the tumor

14· cells.· There are more of them.· And it's what

15· suggests that if there were a drug like a PD-1

16· inhibitor that these cells would then become

17· more activated and able to fight against the

18· tumor.· That's the whole underlying hypothesis

19· or premise of why the PD-1 inhibitors are

20· active in the MSI high colorectal cancers as

21· opposed to the negative colorectal cancers.

22· · · · Q.· ·On page 2 --

23· · · · A.· ·And just to finish that, I wrote in

24· -- I said in the declaration -- I just pulled

25· out any declaration.· I found in '462 I quote
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·1· Brown and say he concludes that patients with

·2· tumors showing naturally immunogenic mutations,

·3· which this is, and associated tumor

·4· infiltrating lymphocytes, which is what we're

·5· talking about here, are potential candidates

·6· for treatment with immune modulators such as

·7· PD-1 targeted antibody.

·8· · · · · · ·Brown also discusses that its

·9· findings suggest that the abundance of

10· predicted immunogenic mutations may be useful

11· for identifying patients likely to benefit from

12· checkpoint blockade and related

13· immunotherapies.

14· · · · · · ·So that's why Brown is an

15· interesting paper.

16· · · · Q.· ·There are other targets besides PD-1

17· listed in Brown, right?

18· · · · A.· ·Targets?

19· · · · Q.· ·In talking about PD-1 or PDCD1

20· targeted antibodies, Brown is also talking

21· about CTLA4 targeted antibodies, correct?

22· · · · A.· ·Yeah, so that's the target for

23· nivolumab, which is another immunotherapeutic

24· agent or checkpoint blockade agent.· So it's a

25· similar analogous mechanism and would have the
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·1· same benefit and would have the same rationale

·2· for why MSI high would respond to -- I would

·3· say more broadly than saying PD-1 inhibitors,

·4· one should say checkpoint blockade inhibitors

·5· or immunotherapeutic agents.

·6· · · · Q.· ·And a drug that targets CTLA4 would

·7· be an option for targeting the immune

·8· checkpoint blockade, right?

·9· · · · · · ·MR. RATLIFF:· I object to the form

10· · ·of the question.

11· · · · · · ·THE WITNESS:· That's correct.

12· BY MS. McCORMICK:

13· · · · Q.· ·In the middle of the first column on

14· page 5 of Exhibit 1034, the last sentence in

15· the middle of the page there, "A comprehensive

16· evaluation of immunogenic mutations specific to

17· individual cancer types remains an important

18· topic for future study."

19· · · · · · ·Do you see that?

20· · · · A.· ·Yes.

21· · · · Q.· ·Why is it important to study based

22· on cancer types?

23· · · · A.· ·I can't read Brown's mind, but as I

24· would see it, mutations vary, at least to our

25· knowledge -- or at least that mutations varied
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·1· by cancer subtype.· So that's what he's

·2· building off of or reacting to.· I think the

·3· idea that you shouldn't think about the subtype

·4· is a later concept.

·5· · · · Q.· ·Tumor biology is different across

·6· different organs; is that right?

·7· · · · A.· ·I would think so.

·8· · · · · · ·MS. McCORMICK:· I think we can put

·9· · ·Brown to the side.

10· · · · · · ·I don't know what time we started.

11· · · · · · ·MR. RATLIFF:· We've been going for

12· · ·about an hour.

13· · · · · · ·MS. McCORMICK:· Let's take a break.

14· · · · · · · · · · -· -  -

15· · · · · · ·(Whereupon, a recess was held.)

16· · · · · · · · · · -· -  -

17· BY MS. McCORMICK:

18· · · · Q.· ·Dr. Neugut, let's talk about

19· Exhibit 1005, which I'll refer to as the MSI

20· high study record.

21· · · · · · ·Do you have that in front of you?

22· · · · A.· ·Yes.

23· · · · Q.· ·And is there any markings or

24· highlighting on this Exhibit 1005 in front of

25· you?
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·1· · · · A.· ·No.

·2· · · · Q.· ·Now, the MSI high study record

·3· doesn't have any results from a clinical study

·4· in it, right?

·5· · · · A.· ·Correct.

·6· · · · Q.· ·So the MSI high study records

·7· doesn't have in it observing an objective

·8· response rate of about 12 percent to 96 percent

·9· in the population of cancer patients after

10· administration of pembrolizumab; is that right?

11· · · · · · ·MR. RATLIFF:· I object to the form

12· · ·of the question.

13· · · · · · ·THE WITNESS:· That's correct.

14· BY MS. McCORMICK:

15· · · · Q.· ·And the MSI high study record does

16· not talk about treating patients with

17· endometrial cancer, right?

18· · · · · · ·MR. RATLIFF:· I object to the form

19· · ·of the question.

20· · · · · · ·THE WITNESS:· It talks about

21· · ·treating patients with non-colorectal

22· · ·cancer.· To that degree, I would guess

23· · ·endometrial cancer would be subsumed under

24· · ·that categorization.

25· BY MS. McCORMICK:
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·1· · · · Q.· ·How many non-colorectal cancers are

·2· there?

·3· · · · A.· ·Are you asking that as a general

·4· question in the universe of oncology?

·5· · · · Q.· ·Yes.

·6· · · · A.· ·That's a difficult question to ask

·7· because it depends on how finely you want to

·8· slice the number of sites and the number of

·9· histologies, but there's certainly a few

10· hundred.

11· · · · Q.· ·Is non-Hodgkin's lymphoma is not

12· colorectal cancer, right?

13· · · · A.· ·Correct.

14· · · · Q.· ·Do you treat non-Hodgkin's lymphoma?

15· · · · A.· ·It's not a disease I see regularly,

16· no.· I mean, I have treated it in the past but

17· not recently.

18· · · · Q.· ·Is it similar to colorectal cancer?

19· · · · A.· ·No.

20· · · · Q.· ·Why not?

21· · · · A.· ·It falls into the category of

22· hematologic malignancies.· In the world of

23· oncology, if there is a compartmentalization,

24· probably it falls along the categorization of

25· hematology versus non-hematology, and
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·1· non-Hodgkin's lymphoma falls into the category

·2· of hematologic malignancy.

·3· · · · Q.· ·Are solid tumors hematologic

·4· cancers?

·5· · · · A.· ·That's a funny question.· The truth

·6· is, they are solid, if you go by the fact that

·7· they're solid, but when we talk about solid

·8· tumors, we're not usually including lymphomas

·9· into that terminology.· Solid tumors are the

10· opposite of hematologic malignancies.

11· · · · Q.· ·Are there non-hematologic cancers

12· that aren't solid cancers?

13· · · · A.· ·Yes.

14· · · · Q.· ·Like what?

15· · · · A.· ·Leukemia.

16· · · · Q.· ·Leukemia is not a hematologic

17· cancer?

18· · · · A.· ·Yes, it is.· Hematologic

19· malignancies are mainly leukemia and lymphoma.

20· · · · Q.· ·And do you treat leukemia?

21· · · · A.· ·No.

22· · · · Q.· ·Are you familiar with how one treats

23· leukemia just in a general sense?

24· · · · · · ·MR. RATLIFF:· I object to the form

25· · ·of the question.
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·1· · · · · · ·THE WITNESS:· Yes.

·2· BY MS. McCORMICK:

·3· · · · Q.· ·And is it different than how you

·4· treat a solid tumor?

·5· · · · A.· ·There are some similarities and some

·6· major differences.

·7· · · · Q.· ·What are some of the major

·8· differences?

·9· · · · A.· ·The major difference is that solid

10· tumors when it's possible can be treated with

11· surgery or with localized forms of treatment

12· like radiation.· Leukemia is a systemic

13· disease, so you can never treat it or almost

14· never treat it with a localized therapy like

15· surgery or radiation.· From the get-go, you

16· have to treat it with chemotherapy.

17· · · · Q.· ·Is there anything in the MSI high

18· study record that eliminates treating patients

19· with hemological cancers?

20· · · · · · ·MR. RATLIFF:· I object to the form

21· · ·of the question.

22· · · · · · ·THE WITNESS:· Can you ask the

23· · ·question again?

24· BY MS. McCORMICK:

25· · · · Q.· ·Sure.· Is there anything in the MSI
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·1· high study record, Exhibit 1005, that

·2· eliminates from the patient population being

·3· treated hematological cancers?

·4· · · · · · ·MR. RATLIFF:· I object to the form

·5· · ·of the question.

·6· · · · · · ·THE WITNESS:· I never thought about

·7· · ·that.· I would have to look at it for a

·8· · ·moment.

·9· · · · · · ·I would say two things do.· First,

10· · ·it requires measurable disease and -- so

11· · ·three things.

12· · · · · · ·It requires measurable disease and

13· · ·related to that that one of the outcomes is

14· · ·an objective response rate which is related

15· · ·to measurable disease.· You could not have

16· · ·that with leukemia.· So per se, that would

17· · ·exclude leukemia and I would say for the

18· · ·most part lymphoma as well.

19· · · · · · ·And, secondly, I would think that a

20· · ·POSA would understand that the way this is

21· · ·intended or constructed that it would be

22· · ·illogical to include leukemia and lymphoma

23· · ·in a category of non-colorectal cancer when

24· · ·you're talking about MSI high where it says

25· · ·MSI negative, solid tumors, and it would not

81

http://www.sullivancourtreporters.com/


·1· · ·be logical to also put in a hematological

·2· · ·malignancy with it.· I guess it would not be

·3· · ·impossible, but...

·4· BY MS. McCORMICK:

·5· · · · Q.· ·Why would it be illogical to include

·6· lymphoma or leukemia in the non-colorectal

·7· cancer group?

·8· · · · A.· ·It just wouldn't follow along in the

·9· same ballpark.· It's not the same animal.· It

10· would be illogical and not of the same

11· category.

12· · · · · · ·Any solid tumor could fit into, I

13· think, the third category of the arms, but

14· leukemia and lymphoma really are of a whole

15· other world.· You know, the world of oncology

16· really does dichotomize into hematologic versus

17· non-hematologic malignancies.· So lumping in

18· leukemia and lymphoma with the other tumors

19· would be very unorthodox.

20· · · · Q.· ·Would neuroendocrine cancer fit into

21· the non-colorectal MSI positive arm of the MSI

22· study record?

23· · · · · · ·MR. RATLIFF:· I object to the form

24· · ·of the question.

25· · · · · · ·THE WITNESS:· I suppose the way it
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·1· · ·is written and the way it's instructed, the

·2· · ·answer is yes.· I'll say yes.

·3· BY MS. McCORMICK:

·4· · · · Q.· ·Same question about thyroid cancer;

·5· does that fit into the MSI positive

·6· non-colorectal cancer arm of the MSI study

·7· record?

·8· · · · · · ·MR. RATLIFF:· I object to the form

·9· · ·of the question.

10· · · · · · ·THE WITNESS:· I would say the way

11· · ·it's written, yes.

12· BY MS. McCORMICK:

13· · · · Q.· ·Does the MSI high study record call

14· out any specific cancer type besides colorectal

15· cancer?

16· · · · · · ·MR. RATLIFF:· I object to the form

17· · ·of the question.

18· · · · · · ·THE WITNESS:· I don't understand

19· · ·what your question is asking.

20· BY MS. McCORMICK:

21· · · · Q.· ·Where in a MSI high study record

22· does it give instruction as to what kind of

23· patients could be included in the study?

24· · · · A.· ·Well, the eligibility criteria.

25· · · · Q.· ·Anywhere else?
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·1· · · · A.· ·I would say no, but, again, I think

·2· a POSA would have applied a certain degree of

·3· logic and intelligence to being able to define

·4· who would fall into the various categories but

·5· constitute these three arms in the study.

·6· That's what I meant when I said that I don't

·7· think that anyone rational doing this study --

·8· by rational I mean anyone who is doing a

·9· normative study like this would have under

10· normal circumstances have included a

11· hematologic malignancy in the third arm.· It

12· would be apples and oranges, and they would

13· appreciate that.

14· · · · · · ·Neuroendocrine tumors are close in

15· terms of being on the border of whether you

16· would include them or not.· If I were the PI of

17· the study and I was called up and someone said,

18· "Hey, Dr. Le, I have a patient who's otherwise

19· eligible and I want to put him in the study

20· under arm three and he's got a neuroendocrine

21· tumor.· Can I?"· I would have said no.· If he

22· would have said yes, I wouldn't have said it

23· was the most ridiculous thing on Earth.· You

24· could go either way on the neuroendocrine

25· tumor.
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·1· · · · · · ·I'll tell you because -- I mean, the

·2· question is whether you're really restricting

·3· it to carcinomas.· The question is, where does

·4· neuroendocrine tumor fit into the world of

·5· carcinomas?· And that's a little bit of a

·6· question.· I think you could have gone either

·7· way.

·8· · · · Q.· ·An adenocarcinoma, does that mean

·9· it's a solid tumor?

10· · · · A.· ·Yes.

11· · · · Q.· ·In the eligibility criteria of a MSI

12· study record, there's no other cancer type

13· listed except for colorectal cancer, correct?

14· · · · · · ·MR. RATLIFF:· I object to the form

15· · ·of the question.

16· · · · · · ·THE WITNESS:· Well, that's what I

17· · ·was just saying.· There's no other tumor

18· · ·that is specifically by name specified.· But

19· · ·as I say, I think by logic or by -- some

20· · ·other tumors would have been excluded, even

21· · ·aside from the ones I just said.

22· · · · · · ·I mean aside from hematologic

23· · ·malignancies, you would have had a tough

24· · ·time putting a brain tumor, for example,

25· · ·into this study.· Again, I'm not looking at

85

http://www.sullivancourtreporters.com/


·1· · ·a list of who's in this, who actually they

·2· · ·would have put into the study, but I would

·3· · ·have been surprised if they put in a brain

·4· · ·tumor in.· Again, if someone called me and

·5· · ·said, "I have a brain tumor patient.· Can I

·6· · ·put him in?"· I would have been very

·7· · ·negative.· I can't believe they would have

·8· · ·put in a brain tumor patient.

·9· · · · · · ·But that still falls -- you know, if

10· · ·you say a non-colorectal cancer, it's a

11· · ·non-colorectal cancer, but it's really a

12· · ·horse of a different color.

13· BY MS. McCORMICK:

14· · · · Q.· ·The MSI high study record doesn't

15· specifically call out, for instance, an anal

16· cancer, right?

17· · · · A.· ·What do you mean by "call out"?

18· · · · Q.· ·Sorry, mention an anal cancer?

19· · · · · · ·MR. RATLIFF:· I object to the form

20· · ·of the question.

21· · · · · · ·THE WITNESS:· No.

22· BY MS. McCORMICK:

23· · · · Q.· ·But the anal cancer could fall into

24· the arm three patients with MSI positive

25· non-colorectal cancer?
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·1· · · · A.· ·Yes.

·2· · · · Q.· ·Dr. Neugut, can you look at

·3· Exhibit 1063?

·4· · · · A.· ·Okay.

·5· · · · Q.· ·It's an article by DiMasi.

·6· · · · A.· ·Okay.

·7· · · · Q.· ·You have Exhibit 1063 in front of

·8· you?

·9· · · · A.· ·Uh-huh.

10· · · · Q.· ·You relied on Exhibit 1063 in

11· preparing your declarations for this case,

12· right?

13· · · · A.· ·I believe so, yes.

14· · · · Q.· ·The data recorded in Exhibit 1063 is

15· reliable, as far as you're concerned?

16· · · · A.· ·I imagine so, yes.

17· · · · Q.· ·Do you disagree with any of the

18· statements in DiMasi?

19· · · · A.· ·I haven't read it in a while, so as

20· I sit here at this moment I'm not able to vouch

21· for every word in here.

22· · · · Q.· ·When you read it before, do you

23· remember if there was anything you disagreed

24· with in Exhibit 1063?

25· · · · A.· ·I don't have a memory of it.
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·1· · · · Q.· ·How many indications did Merck

·2· pursue with pembrolizumab before that MSI high

·3· clinical study?

·4· · · · · · ·MR. RATLIFF:· I object to the form

·5· · ·of the question.

·6· · · · · · ·THE WITNESS:· You're asking me how

·7· · ·many indications Merck had for pembrolizumab

·8· · ·before MSI high colorectal cancer?

·9· BY MS. McCORMICK:

10· · · · Q.· ·Almost.· How many indications had

11· Merck pursued for pembrolizumab before the MSI

12· high study?

13· · · · · · ·MR. RATLIFF:· I object to the form

14· · ·of the question.

15· · · · · · ·THE WITNESS:· Did I put that in one

16· · ·of my declarations?

17· BY MS. McCORMICK:

18· · · · Q.· ·It's fine if you don't know.

19· · · · A.· ·So I don't know.

20· · · · Q.· ·Was the MSI clinical study the first

21· clinical study with pembrolizumab?

22· · · · A.· ·No.

23· · · · Q.· ·Do you know if it was the second

24· clinical study with pembrolizumab?

25· · · · A.· ·For colorectal cancer?
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·1· · · · Q.· ·For any cancer.

·2· · · · A.· ·No, I don't think so.

·3· · · · Q.· ·How many indications for

·4· pembrolizumab had failed to achieve FDA

·5· approval?

·6· · · · · · ·MR. RATLIFF:· I object to the form

·7· · ·of the question.

·8· · · · · · ·THE WITNESS:· I don't know.

·9· BY MS. McCORMICK:

10· · · · Q.· ·We can put DiMasi aside.

11· · · · · · ·If you can get Exhibit 1049 in front

12· of you and let me know when you've got it.

13· It's an article by Alexios Matikas.

14· · · · A.· ·Okay.

15· · · · Q.· ·Do you recognize Exhibit 1049?

16· · · · A.· ·I have to say that as I look at it

17· as I'm sitting here, I don't recall it, but

18· feel free to ask me a question about it, and

19· I'll take a quick look at it.

20· · · · Q.· ·You cited Exhibit 1049 in your

21· declarations, right?

22· · · · A.· ·Yes.

23· · · · Q.· ·And if you could turn to page 6 of

24· Exhibit 1049 under the heading Novel

25· Approaches.· Let me know when you're there.
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·1· · · · A.· ·Yup.

·2· · · · Q.· ·And under the heading Novel

·3· Approaches in Exhibit 1049, the authors discuss

·4· immune checkpoint blockade with monoclonal

·5· antibodies.

·6· · · · · · ·Do you see that?

·7· · · · A.· ·Yes.

·8· · · · Q.· ·There are at least two targets

·9· listed there.

10· · · · · · ·Do you see that?

11· · · · A.· ·Yes.

12· · · · Q.· ·Those two at CTLA-4, PD-1 and its

13· ligand PD-L1.

14· · · · · · ·Do you see that?

15· · · · A.· ·Yes.

16· · · · Q.· ·This article was published in 2015,

17· right?

18· · · · A.· ·Yes.

19· · · · Q.· ·What other immunotherapies were

20· available in 2015?

21· · · · A.· ·Interferon, interleukin.

22· · · · Q.· ·Dr. Neugut, let me stop you so I can

23· be a little more specific.

24· · · · · · ·MR. RATLIFF:· You can't stop him.

25· · ·He's answering the question.· You can
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·1· · ·withdraw your question.

·2· · · · · · ·THE WITNESS:· Interleukin 2.· There

·3· · ·were all sorts of experimental approaches,

·4· · ·but if you're asking what was in I'll say

·5· · ·common use at the time, those are two that

·6· · ·come to mind to me, and I don't know offhand

·7· · ·what else was being used in -- oh, well

·8· · ·there was BCG, Bacillus Calmette-Guerin.

·9· BY MS. McCORMICK:

10· · · · Q.· ·The authors of Exhibit 1049 list

11· some immune checkpoint blockade monoclonal

12· antibodies:· ipilimumab, nivolumab and

13· pembrolizumab.

14· · · · · · ·Do you see that?

15· · · · A.· ·Yes.

16· · · · Q.· ·Were there other immune checkpoint

17· blockade monoclonal antibodies available in

18· 2015?

19· · · · A.· ·I believe these were the first, but

20· maybe I'm missing one.· To my knowledge, these

21· were the first.

22· · · · Q.· ·And interferon, interleukin and BCG,

23· those are immunotherapies, right?

24· · · · A.· ·Again, I use the term immunotherapy

25· to refer to treatment that somehow utilizes the
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·1· body's immune system to act against cancer

·2· cells.· So, yes, those are treatments to do

·3· that.

·4· · · · Q.· ·And in 2015, were there other

·5· immunotherapies besides these monoclonal

·6· antibodies, interferon, interleukin and BCG?

·7· · · · · · ·MR. RATLIFF:· I object to the form

·8· · ·of the question.

·9· · · · · · ·THE WITNESS:· There were

10· · ·experimental methods.· People were trying

11· · ·vaccines, tumor vaccines.· I don't have a

12· · ·recollection that any of them worked or

13· · ·worked well enough that it became FDA

14· · ·approved or effective therapy, but at least

15· · ·it was being tried.

16· · · · · · ·There may have been other methods

17· · ·being used to stimulate the immune system to

18· · ·function against cancer, but I don't know --

19· · ·as I'm sitting here, I don't recall what

20· · ·else was being tried.

21· BY MS. McCORMICK:

22· · · · Q.· ·So some other approaches for

23· treating cancer listed under novel approaches

24· of Exhibit 1049, cancer vaccine?

25· · · · A.· ·I just mentioned that.
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·1· · · · Q.· ·You did just mention that.

·2· · · · · · ·And then also oncolytic viruses, do

·3· you see that a little bit further down in the

·4· paragraph?

·5· · · · A.· ·I mean, that's -- I don't know much

·6· about that.· That's an oddball one.· That's

·7· another one that never made it big.· I don't

·8· know anything about that.

·9· · · · Q.· ·And the same paragraph under the

10· heading Novel Approaches mentions that

11· pembrolizumab is being tested in metastatic

12· tumors with microsatellite instability,

13· including colorectal.

14· · · · · · ·But there's no results from this

15· clinical study being mentioned reported in

16· Exhibit 1049, right?

17· · · · A.· ·No, but I don't know when in 2015

18· this article was published.

19· · · · Q.· ·But regardless of when it's

20· published, there are no results from the

21· pembrolizumab trial reported in Exhibit 1049,

22· right?

23· · · · A.· ·Yes.

24· · · · Q.· ·And that same sentence that I just

25· read from also reports on a study that's
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·1· testing a combo of nivolumab and ipilimumab

·2· being tested in metastatic colorectal cancer

·3· patients, right?

·4· · · · A.· ·Yes.

·5· · · · Q.· ·And this paragraph concludes whether

·6· any of these novel treatments prove to improve

·7· outcomes in randomized trials in patients with

·8· mCRC remains to be seen.

·9· · · · · · ·Do you see that?

10· · · · A.· ·Yes.

11· · · · Q.· ·And do you agree with that at the

12· time in 2015?

13· · · · · · ·MR. RATLIFF:· I object to the form

14· · ·of the question.

15· · · · · · ·THE WITNESS:· Well, agree with what?

16· · ·I mean, the author hadn't yet seen the

17· · ·results of those trials.· They were

18· · ·published around that time or shortly

19· · ·thereafter.

20· · · · · · ·MS. McCORMICK:· You can set that

21· · ·article aside, and if you can get

22· · ·Exhibit 1006, an article by Pernot.

23· BY MS. McCORMICK:

24· · · · Q.· ·Dr. Neugut, do you recognize

25· Exhibit 1006?
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·1· · · · A.· ·You're talking about the article by

·2· Pernot, right?

·3· · · · Q.· ·Yes.

·4· · · · A.· ·Yes.

·5· · · · Q.· ·If you could turn to the end of the

·6· article, on page 10 of Exhibit 1006, there's a

·7· table there.

·8· · · · A.· ·What page?

·9· · · · Q.· ·Page 10 of Exhibit 1006.

10· · · · A.· ·Yes.

11· · · · Q.· ·Do you see table 1?

12· · · · A.· ·Yes.

13· · · · Q.· ·Table 1 is titled Ongoing Clinical

14· Trials, According to National Cancer Institute

15· registration, using Immunotherapy, according to

16· strategy; is that right?

17· · · · A.· ·Yes.

18· · · · Q.· ·Do you know the outcome of any of

19· these trials?

20· · · · A.· ·No.

21· · · · Q.· ·If you wanted to know the outcome of

22· these trials, how would you do it?

23· · · · A.· ·I guess you could look on the

24· clinicaltrials.gov and check it out.

25· · · · Q.· ·Do you know if any of the trials
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·1· listed here in table 1 made it to the next

·2· phase of clinical study?

·3· · · · A.· ·By the "next phase," do you mean

·4· phase 3 --

·5· · · · Q.· ·Correct.

·6· · · · A.· ·-- or whatever?

·7· · · · · · ·MR. RATLIFF:· I object to the form

·8· · ·of the question.

·9· · · · · · ·THE WITNESS:· No.· If I knew that,

10· · ·I -- no.

11· BY MS. McCORMICK:

12· · · · Q.· ·Do you know if any of the studies

13· listed here in table 1 of Exhibit 1006 resulted

14· in FDA approved indications?

15· · · · A.· ·The truth is, I don't know any of

16· these treatments, so I'm going to assume at

17· least -- well, I shouldn't assume.· I have no

18· idea.

19· · · · · · ·MS. McCORMICK:· You can set

20· · ·Exhibit 1006 to the side.

21· · · · · · ·If you could find Exhibit 1009 and

22· · ·Exhibit 1095.

23· BY MS. McCORMICK:

24· · · · Q.· ·We can start with Exhibit 1095.· Do

25· you recognize this exhibit, Dr. Neugut?
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·1· · · · · · ·MR. RATLIFF:· I object to the form

·2· · ·of the question.

·3· · · · · · ·THE WITNESS:· I recognize it in one

·4· · ·sense.

·5· BY MS. McCORMICK:

·6· · · · Q.· ·What sense is that?

·7· · · · A.· ·I know what it is.

·8· · · · Q.· ·What is it?

·9· · · · A.· ·It's the NCCN guidelines for --

10· well, this one is for uterine tumors.

11· · · · Q.· ·Uterine tumors, that category, does

12· that include endometrial cancer?

13· · · · A.· ·Yes.· It's primarily endometrial

14· cancer.

15· · · · Q.· ·And what are the NCCN guidelines?

16· · · · A.· ·Some time ago there was a bunch of

17· cancer centers who got together and decided

18· that they would -- that what they did in terms

19· of treatment was good, and they, therefore,

20· decided that they would be the arbiters of what

21· should be appropriate therapy for cancer.· So

22· they put out guidelines tumor by tumor.· They

23· met on a regular basis and began publishing and

24· promulgating guidelines on the tumor-by-tumor

25· basis for how to manage each type of
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·1· malignancy.

·2· · · · · · ·The reality is that they do a pretty

·3· good job of giving general guidelines on how to

·4· manage each clinical setting for each cancer

·5· and what to do, and they give mostly a good

·6· rationale as the basis for their recommendation

·7· for each tumor.

·8· · · · · · ·I would say when there's no

·9· randomized trial or no published basis for the

10· situation they're addressing, then their

11· recommendation is usually a bit more shaky,

12· but, in general, their recommendations are

13· pretty good.· They're widely utilized.· That is

14· very often the case that clinicians or fellows

15· will often refer to their guidelines in given

16· situations to see what they recommendation and

17· then decide what to do based on that.

18· · · · Q.· ·Do you rely on the NCCN guidelines?

19· · · · A.· ·No.· Well, I don't want to say no.

20· Once in a while I look them up, but mostly no.

21· · · · Q.· ·In forming your opinions for this

22· case, did you consult with anyone other than

23· Merck's counsel?

24· · · · A.· ·No.

25· · · · Q.· ·Dr. Neugut, what did you do to
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·1· prepare to give testimony today?

·2· · · · A.· ·What did I do for what?

·3· · · · Q.· ·To prepare to give testimony today.

·4· · · · A.· ·I met several times with the

·5· attorneys from Paul Hastings to review the

·6· declarations and to prepare for the deposition.

·7· I re-read all the patents and the declarations.

·8· I re-read all the publications that we're

·9· discussing that are included in the discussion.

10· · · · Q.· ·Anything else?

11· · · · A.· ·I'm thinking.· I tried to get a good

12· night's rest.· That's all I can think of.

13· · · · Q.· ·To prepare to give testimony today,

14· how long did you meet with the attorneys from

15· Paul Hastings?

16· · · · A.· ·Cumulative you mean?

17· · · · Q.· ·Yes.

18· · · · A.· ·It's a ballpark estimate, 25 to

19· 28 hours.

20· · · · Q.· ·Dr. Neugut, when we were talking

21· earlier, we were talking about MSI being a

22· prognostic indicator for CRC cancers before

23· PD-1 inhibitors were available for treatment.

24· · · · · · ·Do you recall that?

25· · · · A.· ·Yes.
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·1· · · · Q.· ·Before PD-1 inhibitors were

·2· available for treatments, was MSI a prognostic

·3· indicator for any other cancer type?

·4· · · · · · ·MR. RATLIFF:· I object to the form

·5· · ·of the question.

·6· · · · · · ·THE WITNESS:· So small bowel cancers

·7· · ·parallel colorectal cancer in most ways, so

·8· · ·the answer is that it would be a prognostic

·9· · ·indicator for that as well.

10· · · · · · ·It's funny, I don't know the answer

11· · ·to that.· I should.· It's a good question.

12· · ·I should know the answer and I don't.  I

13· · ·only know my own cancer.· I don't know the

14· · ·prognostic indicator for other tumors.

15· · · · · · ·MS. McCORMICK:· If we could just

16· · ·take a quick break, and then we might be

17· · ·done.

18· · · · · · · · · · -· -  -

19· · · · · · ·(Whereupon, a recess was held.)

20· · · · · · · · · · -· -  -

21· BY MS. McCORMICK:

22· · · · Q.· ·Dr. Neugut, before July 10, 2015,

23· did oncologists routinely test endometrial

24· cancer for MSI status?

25· · · · A.· ·I don't know.· Not to my knowledge.
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·1· · · · Q.· ·Before July 10, 2015, did

·2· oncologists routinely test ampullary cancer for

·3· MSI status?

·4· · · · A.· ·I don't think so.

·5· · · · Q.· ·Before July 10, 2015, did

·6· oncologists routinely test cholangiocarcinoma

·7· carcinoma for MSI status?

·8· · · · A.· ·Well, again, let me reiterate from

·9· my earlier testimony that while there was -- I

10· don't believe there was routine testing

11· specifically for MSI status, there was

12· frequently the next genome sequencing, which

13· was a broad-spectrum test of biomarkers.· So in

14· the course of doing that, you would determine

15· that someone was MSI high or not, but the

16· testing wasn't specifically for MSI.· Did they

17· do MSI testing just to do MSI testing?· I don't

18· think it was done routinely as it was for

19· colorectal cancer.

20· · · · Q.· ·Before July 10, 2015, was NGS

21· testing routinely done?

22· · · · A.· ·It was done very frequently.· Not on

23· everybody, but it was done a lot.· I don't know

24· what year it became kind of a common practice.

25· It was done frequently, particularly at the
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·1· better centers, but even in the community, yes.

·2· · · · Q.· ·And was the NGS testing done for

·3· specific cancer types?

·4· · · · · · ·MR. RATLIFF:· I object to the form

·5· · ·of the question.

·6· · · · · · ·THE WITNESS:· It's done for most of

·7· · ·the solid tumors, many of the solid tumors.

·8· BY MS. McCORMICK:

·9· · · · Q.· ·Before July 10, 2015, did

10· oncologists routinely test prostate cancer for

11· MSI status?

12· · · · A.· ·I don't think so.

13· · · · Q.· ·Before July 10, 2015, did

14· oncologists routinely test breast cancer for

15· MSI status?

16· · · · A.· ·I don't know.

17· · · · Q.· ·Before July 10, 2015, did

18· oncologists routinely test esophageal cancer

19· for MSI status?

20· · · · A.· ·I don't know.· I don't think so.

21· · · · Q.· ·Before July 10, 2015, did

22· oncologists routinely test liver cancer for MSI

23· status?

24· · · · A.· ·I don't believe so.

25· · · · Q.· ·Before July 10, 2015, did
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·1· oncologists routinely test ovarian cancer for

·2· MSI status?

·3· · · · A.· ·I don't think so.

·4· · · · Q.· ·Before July 10, 2015, did

·5· oncologists routinely test uterine cancer for

·6· MSI status?

·7· · · · A.· ·That I don't know because, again,

·8· that's part of Lynch syndrome.· I don't know.

·9· I didn't see endometrial cancer.

10· · · · Q.· ·Before July 10, 2015, did

11· oncologists routinely test cervical cancer for

12· MSI status?

13· · · · A.· ·I don't think so.

14· · · · Q.· ·Before July 10, 2015, did

15· oncologists routinely test bladder cancer for

16· MSI status?

17· · · · A.· ·I don't think so.

18· · · · Q.· ·Before July 10, 2015, did

19· oncologists routinely test bladder cancer for

20· MSI status?

21· · · · A.· ·I don't think so.

22· · · · Q.· ·Before July 10, 2015, did

23· oncologists routinely test oral cancer for MSI

24· status?

25· · · · A.· ·I don't know.
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·1· · · · Q.· ·Before July 10, 2015, did

·2· oncologists routinely test small bowel cancer

·3· for MSI status?

·4· · · · A.· ·Yes.

·5· · · · Q.· ·And before July 10, 2015, did

·6· oncologists routinely test gastric cancer for

·7· MSI status?

·8· · · · A.· ·Yes.

·9· · · · Q.· ·Before July 10, 2015, did

10· oncologists routinely test ampullary cancer for

11· MSI status?

12· · · · A.· ·I don't know.

13· · · · Q.· ·And before July 10, 2015, did

14· oncologists routinely test cholangiocarcinoma

15· for MSI status?

16· · · · A.· ·I don't know.

17· · · · Q.· ·Dr. Neugut, are any of the other

18· documents in front of you highlighted besides

19· the '356 patent?

20· · · · A.· ·I'm sorry?

21· · · · Q.· ·Are any of the other documents in

22· front of you highlighted besides the '356

23· patent?

24· · · · A.· ·No.

25· · · · · · ·MS. McCORMICK:· We would ask that
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·1· · ·the copy of the document in front of Dr.

·2· · ·Neugut be made an exhibit to this

·3· · ·deposition, including a copy of that Post-it

·4· · ·note that's on Exhibit 1005 in front of Dr.

·5· · ·Neugut.

·6· · · · · · ·MR. RATLIFF:· Sure.

·7· BY MS. McCORMICK:

·8· · · · Q.· ·Before July 10, 2015, routine

·9· testing for small bowel cancer and gastric

10· cancer was for Lynch syndrome, correct?

11· · · · · · ·MR. RATLIFF:· I object to the form

12· · ·of the question.

13· · · · · · ·THE WITNESS:· I mean, I think the

14· · ·information had applications beyond Lynch

15· · ·syndrome, but that's why those two cancers

16· · ·were particularly tested.

17· BY MS. McCORMICK:

18· · · · Q.· ·The applications beyond Lynch

19· syndrome related to MSI testing of small bowel

20· and gastric cancers, were those the ones we

21· previously discussed in relation to colorectal

22· cancer?

23· · · · A.· ·Yes.

24· · · · · · ·MR. RATLIFF:· I object to the form

25· · ·of the question.

105

http://www.sullivancourtreporters.com/


·1· · · · · ·THE WITNESS:· Yes.

·2· · · · · ·MS. McCORMICK:· I have no further

·3· ·questions for you, Dr. Neugut.· I appreciate

·4· ·your time.

·5· · · · · ·MR. RATLIFF:· Let's take a break to

·6· ·see if I have any questions for Dr. Neugut.

·7· · · · · · · · · -· -  -

·8· · · · · ·(Whereupon, a recess was held.)

·9· · · · · · · · · -· -  -

10· · · · · ·MR. RATLIFF:· Dr. Neugut, I do not

11· ·have any questions for you today.· I'd like

12· ·to thank you for your time.· I'd like to

13· ·also thank the court reporter for her time

14· ·today.

15· · · · · ·I would like the transcript

16· ·designated highly confidential under the

17· ·proposed protective order for these matters.

18· ·To the extent you want to do any redaction,

19· ·we can work that out.

20· · · · · ·MS. McCORMICK:· What's the reason

21· ·for the designation?

22· · · · · ·MR. RATLIFF:· Given the subject

23· ·matter that Dr. Neugut talked about

24· ·involving some of his work on a board.

25· · · · · ·MS. McCORMICK:· I understand.
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·1· · · · · · · · ·-· -  -

·2· · · · · ·(Whereupon, the documents were

·3· ·marked, for identification purposes, as

·4· ·Exhibit 2041 and Exhibit 2042.)

·5· · · · · · · · ·-· -  -

·6· · · · · ·(Witness excused.)

·7· · · · · · · · ·-· -  -

·8· · · · · ·(Deposition concluded at 11:13 a.m.)

·9· · · · · · · · ·-· -  -
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·1· · · · · · ·C E R T I F I C A T E

·2

·3
· · · · · · ·I do hereby certify that I am a Notary
·4· Public in good standing, that the aforesaid
· · testimony was taken before me, pursuant to
·5· notice, at the time and place indicated; that
· · said deponent was by me duly sworn to tell the
·6· truth, the whole truth, and nothing but the
· · truth; that the testimony of said deponent was
·7· correctly recorded in machine shorthand by me
· · and thereafter transcribed under my supervision
·8· with computer-aided transcription; that the
· · deposition is a true and correct record of the
·9· testimony given by the witness; and that I am
· · neither of counsel nor kin to any party in said
10· action, nor interested in the outcome thereof.

11· · · · · ·WITNESS my hand and official seal this
· · 7th day of January, 2025.
12

13

14
· · · · · · · · · · ____________________________
15· · · · · · · · · Deborah L.· Williams, CCR, CLR
· · · · · · · · · · Notary Public
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·1· · · · · · · ·INSTRUCTIONS TO WITNESS

·2

·3· · · · · ·Please read your deposition over

·4· carefully and make any necessary corrections.

·5· You should state the reason in the appropriate

·6· space on the errata sheet for any corrections

·7· that are made.

·8· · · · · ·After doing so, please sign the errata

·9· sheet and date it.

10· · · · · ·You are signing same subject to the

11· changes you have noted on the errata sheet,

12· which will be attached to your deposition.

13· · · · · ·It is imperative that you return the

14· original errata sheet to the deposing attorney

15· within thirty (30) days of receipt of the

16· deposition transcript by you.· If you fail to

17· do so, the deposition transcript may be deemed

18· to be accurate and may be used in court.
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·1· · · · · · · · · - - - - -
· · · · · · · · · ·E R R A T A
·2· · · · · · · · · - - - - -

·3
· · PAGE· · ·LINE· · CHANGE
·4

·5· Reason for Change:_____________________________

·6· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

·7· Reason for Change:_____________________________

·8· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

·9· Reason for Change:_____________________________

10· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11· Reason for Change:_____________________________

12· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

13· Reason for Change:_____________________________

14· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

15· Reason for Change:_____________________________

16· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

17· Reason for Change:_____________________________

18· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

19· Reason for Change:_____________________________

20· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

21· Reason for Change:_____________________________

22· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

23· Reason for Change:_____________________________

24· _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25

110

http://www.sullivancourtreporters.com/


·1· · · · · · ACKNOWLEDGMENT OF DEPONENT

·2· · · · · · ·I, ______________________, do hereby

·3· certify that I have read the foregoing pages __

·4· to ___ and that the same is a correct

·5· transcription of the answers given by me to the

·6· questions therein propounded, except for the

·7· corrections or changes in form or substance, if

·8· any, noted in the attached Errata Sheet.

·9

10· __________· · · · · · ________________________

11· DATE· · · · · · · · · · ·SIGNATURE

12

13· · · · · · ·Subscribed and sworn to before me

14· this

15· ____________· day of ______________, 2025.

16

17· · · · · · ·My commission expires:

18· · · · · · ·____________________________

19

20· · · · · · ·____________________________

21· · · · · · ·Notary Public
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Fig. 11. Immune-related response to treatment 
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Fig. 12. Correlation of total somatic mutations and mutation associated neoantigens (MANA) with 
clinical. outcomes 
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Fig. 13. Correlation of immune markers with clinical outcome 
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CHECKPOINT BLOCKADE AND 
MICROSATELLITE INSTABILITY 


CROSS REFERENCE TO RELATED 


2 
variety of cancers were demonstrated to express abundant 
levels of this T-cell inhibitor. High expression of PD-Ll on 
tumor cells (and to a lesser extent of PD-L2) has been found 
to correlate with poor prognosis and survival in various 


APPLICATIONS 


TI1is application is a continuation of U.S. application Ser. 
No. 15/523,451, filed May 1, 2017, which is a National 
Stage application under 35 U.S.C. § 371 of International 
Application No. PCT/US2015/060331, having an Interna­
tional Filing Date of Nov. 12, 2015, which claims the benefit 
of priority of U.S. Provisional Application No. 62/190,977, 
filed Jul. 10, 2015 and U.S. Provisional Application No. 
62/079,357, filed Nov. 13, 2014, each of which are incor­
porated herein by reference in their entirety. 


5 cancer types, including renal cell carcinoma (RCC), pancre­
atic carcinoma, hepatocellular carcinoma, ovarian carci­
noma and non-small cell lung cancer (NSCLC). Further­
more, PD-1 has been suggested to regulate tumor-specific T 
cell expansion in patients with malignant MEL The observed 


10 correlation of clinical prognosis with PD-Ll expression in 
multiple cancers suggests that the PD-1/PD-Ll pathway 
plays a critical role in tumor immune evasion and should be 
considered as an attractive target for therapeutic interven­
tion. 


TI1is invention was made with government support under 
grants CA043460 and CA062924 awarded by the National 
Institutes of Health. The government has certain rights in the 
invention. 


15 Blockade of i1111111me checkpoints such as cytotoxic 
T-lymphocyte antigen-4 (CTLA-4) and programmed 
death-1 (PD-1) is showing promise in patients with cancer. 
CTLA-4 and PD-1 are upregulated on activated T cells and 
provide inhibitory signals to T cells undergoing activation. 


TECHNICAL FIELD OF THE INVENTION 


TI1is invention is related to the area of cancer. In particu­
lar, it relates to cancer therapy. 


20 Inhibitory antibodies directed at these receptors have been 
shown to break inunune tolerance and promote anti-tumor 
inummity. MK-3475 is a humanized monoclonal IgG4 anti­
body against PD-1 and is showing activity in multiple tumor 
types including melanoma and non-small cell lung cancer 


BACKGROUND OF THE INVENTION 
25 (NSCLC). Previously, activity of a different PD-1 blocking 


antibody, BMS-936558, a folly humanized monoclonal 
IgG4 antibody, also showed activity in melanoma, NSCLC, 
and a complete response in a single patient with colorectal 
cancer. 


Microsatellite instability (MSI) is the accumulation of 
sequencing errors in microsatellites. This occurs in nnnors 
with deficiency in DNA mismatch repair. MSI is present in 30 


Lynch Syndrome which is an inherited cancer syndrome that 
predisposes patients to colon, endometrial, gastric cancer, 
ovarian, small intestine, liver, hepatobiliary, upper urinary 
tract, brain, and prostate cancer. MSI is also present in 
10-20% of sporadic colorectal, gastric, prostate, lung, amp- 35 


ullary, and endometrial cancers. Between 0.3% and 13% of 
pancreatic cancers are reported to be MSI as well. 


TI1e importance of intact inmmne surveillance in control­
ling outgrowth of neoplastic transfomiation has been known 
for decades. Accumulating evidence shows a correlation 40 


between nnnor-infiltrating lymphocytes (TILs) in cancer 
tissue and favorable prognosis in various malignancies. In 
particular, the presence of CD8+ T-cells and the ratio of 
CD8+ effector T-cells/FoxP3+ regulatory T-cells seems to 
correlate with improved prognosis and long-term survival in 45 


solid malignancies such as ovarian, colorectal and pancre-
atic cancer, hepatocellular carcinoma, malignant MEL and 
RCC. TILs can be expanded ex vivo and re-infused, induc-


MK-3475 (previously known as SCH 900475) is a potent 
and highly-selective humanized mAb of the IgG4/kappa 
isotype designed to directly block the interaction between 
PD-1 and its ligands, PD-Ll and PD-L2. MK-3475 contains 
the S228P stabilizing mutation and has no antibody-depen­
dent cell-mediated cytotoxicity (ADCC) or complement­
dependent cytotoxicity (CDC) activity. MK-3475 strongly 
enhances T lymphocyte immune responses in cultured blood 
cells from healthy human donors, cancer patients, and 
primates. In T-cell activation assays using human donor 
blood cells, the EC50 was in the range of 0.1 to 0.3 nM. 
MK-3475 also modulates the level of interleukin-2 (IL-2), 
tumor necrosis factor alpha (TNFa.), interferon gamma 
(IFNy), and other cytokines. The antibody potentiates exist­
ing inmmne responses only in the presence of antigen and 
does not nonspecifically activate T-cells. 


The progranuned death 1 (PD-1) pathway is a negative 
feedback system repressing Thl cytotoxic inunune 
responses that, ifmiregulated, could damage the host1


-
3


. It is 
upregulated in many tumors and their surrmmding microen-ing durable objective nunor responses in cancers such as 


melanoma. 50 vironment. Blockade of this pathway with antibodies to 
PD-1 or its ligands has led to remarkable clinical responses 
in some patients with many different cancer types, including 
melanomas, non-small cell lung cancer, renal cell carci-


The PD-1 receptor-ligand interaction is a major pathway 
hijacked by nnnors to suppress immune control. The nom1al 
flmction of PD-1, expressed on the cell surface of activated 
T-cells under healthy conditions, is to down-modulate 
unwanted or excessive i1mnune responses, including auto- 55 


inumme reactions. TI1e ligands for PD-1 (PD-Ll and PD-L2) 
are constit11tively expressed or can be induced in various 
tumors. Binding of either PD- I ligand to PD-1 inhibits T-cell 
activation triggered tlirough the T-cell receptor. PD-Ll is 
expressed at low levels on various 11011-hematopoietic tis- 60 
sues, most notably on vascular endothelhun, whereas PD-L2 
protein is only detectably expressed on antigen-presenting 
cells found in lymphoid tissue or clironic inflaimuatory 
environments. PD-L2 is thought to control inumme T-cell 
activation in lymphoid organs, whereas PD-Ll serves to 65 


daJ11pen unwarranted T-cell flmction in peripheral tissues. 
Although healthy organs express little (if aiiy) PD-Ll, a 


noma, bladder cancer and Hodgkin's lymphoma+10
. The 


expression of ligands to PD-1 (PD-Ll or PD-L2) on the 
surface of tumor cells or inmmne cells is important but not 
a definitive predictive biomarker for response to PD-1 
blockade4


•
6


-
8


' 
11


. 


We were intrigued that, in reports of the effects of PD-1 
blockade in human tmuors, only one of33 colorectal cancer 
(CRC) patients responded to this treatment, in contrast to 
substantial fractions of patients with melanomas, renal cell 
cancers, and lung tumors.10


•
12


. What was different about this 
single patient? We hypothesized that this patient had MMR­
deficiency, because MMR-deficiency occurs in a small frac­
tion of advanced CRCs, 13


•
14 somatic mutations found in 


tumors can be recognized by the patient's own immune 
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system,15 and MMR-deficient cancers have 10- to 100-fold 
more somatic mutations than MMR-proficient CRC. 16


-
18 


Moreov~r, MMR-defici~nt can7ers c?ntain prominent lrm­
phocyte mfiltrates, consistent with an lllllllUne response1 


-
22


. 


And two of the tumor types that were most responsive to 5 
PD-1 blockade in a study by Topalian et al.10 had high 
numbers of somatic mutations as a result of exposure to 
cigarette smoke (lung cancers) or UV radiation (melano­
mas)23


•
24


. Our hypothesis was correct: the tumor of the 


marker levels were measured with each cycle and the values 
represent percent change from baseline. Patients were 
included if baseline tumor marker values were greater than 
the upper limit of normal. CA-125 was used for a patient 
with endometrial cancer; CA19-9 was used for one cholan­
giocarcinoma and one ampullary cancer; and CEA was used 
for all other patients. Green, red, and black lines represent 
patients withMMR-deficient CRCs, MMR-proficient CRCs, 
and MMR-deficient non-CRC, respectively. (FIG. lB) 
Radiographic responses. Tumor responses were measured at 
regular intervals and values show the best fractional change 


=:-~!i~i!:t~~~~h~l;::r::~d~i;itl~e~i;el
1
~~!a~~~ IO 


deficient tumors are more responsive to PD-1 blockade than 
are MMR-proficient tumors. 


To test this hypothesis, we initiated a phase 2 clinical trial 


of the sum of longest diameters (SLD) from the baseline 
measurements of each measurable tumor. 


to evaluate itrumme checkpoint blockade in patients whose 
tumors had or did not have MMR-deficiency. Since MMR 15 


deficiency in tmuors arises through two routes26
-
28


, we 
recrnited patients with Hereditary Non-Polyposis Colorectal 
Cancer (HNPCC, also known as Lynch Syndrome), which 
results from an inherited gemtline defect in one of four 
MMR genes followed by a second inactivating somatic 20 


change in the remaining wild-type allele. We also recrnited 
patients with sporadic MMR-deficient tumors, where both 
alleles of a MMR gene are inactivated by somatic mutations 


FIGS. 2A-2D. Clinical benefit to pembrolizumab accord­
ing to MMR status. Kaplan-Meier curves are shown for 
(FIG. 2A) progression-free survival in the colorectal cancer 
cohorts, (FIG. 2B) overall survival in the colorectal cancer 
cohorts, (FIG. 2C) progression-free survival of patients with 
MMR-deficient cancers other than colorectal (median 
PFS=5.4 months; 95% CI, 3% to not estimable), and (FIG. 
2D) overall survival of patients with MMR-deficient cancers 
other than colorectal. In both cohorts with MMR-deficient 
tumors (CRC and non-CRC), median overall survival was 
not reached. Patients in the cohort with MMR-proficient or by epigenetic silencing29


. In either case, the neoplasms 
that arise harbor lnmdreds or thousands of mutations16


•
18


. 


There is a continuing need in the art to improve cancer 
treatments so that the lives of patients are not curtailed and 
so that the quality of life is not diminished. 


SUMMARY OF THE INVENTION 


According to one embodiment of the invention a method 
of treating a cancer patient is provided. The cancer patient 
has a high mutational burden, such as found in microsatellite 
instable cancer (MSI). An immune checkpoint ittllibitory 
antibody is adnlitlistered to the cancer patient. 


According to another embodiment of the invention a 
method of treating a cancer patient is provided. A sample 
from a cancer patient is tested for one or more microsatellite 
markers selected from the group consisting of BAT-25, 
BAT-26, MONO-27, NR-21, NR-24, Penta C, and Penta D, 
and determined to have nlicrosatellite instability. The cancer 
is selected from the group consisting of: colon, gastric, 
endometrial, cholangiocarcinoma, pancreatic, and prostate 
cancers. An anti-PD-I antibody is adnlinistered to the cancer 
patient. 


According to another embodiment of the invention a 
method is provided for categorizing a tmnor of a human. A 
sample from the human is tested to evaluate stability of one 
or more microsatellite markers. Microsatellite instability is 
deternlined in the sample. The tumor is identified as a good 
candidate for treatment with an itrunune checkpoint ittlubi­
tory antibody. 


According to yet another embodiment of the invention a 
method is provided for categorizing a tumor of a human. A 
sample from the human is tested to evaluate stability of one 
or more microsatellite markers. Microsatellite stability in the 
sample is determined. The tumor is identified as a bad 
candidate for treatment with an itrumme checkpoint i1tlubi­
tory antibody. 


These and other embodiments which will be apparent to 
those of skill in the art upon reading the specification 
provide the art with methods for treating microsatellite 
instable cancers. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIGS. lA-lB. Clitucal Responses to pembrolizmnab. 
(FIG. lA) Biochemical Responses. Sernm protein bio-


25 cancers had a median PFS of 2.2 months (95% CI 1.4 to 
2.8%) and a median OS of 5.0 months (95% CI 3.0 to not 
estimable). 


FIG. 3 (FIG. S2.) Spider plot of radiographic response. 
Tmnor responses were measured at regular intervals and 


30 values show percent change of the smn of longest diameters 
(SLD) from the baseline measurements of each measurable 
tumor. Patients were only included if baseline and on study 
treatment scans were available. Green and red represent 
patients with MMR-deficient and proficient CRCs, respec-


35 tively. Blue represents patients with MMR-deficient cancers 
other than CRC. 


FIGS. 4A-4B (FIG. S3). MMR-proficient and deficient 
CRCs have comparable time on treatment and duration of 
metastatic disease prior to study enrollment. Kaplan-Meier 


40 estimates of (FIG. 4A) time on therapy immediately prior to 
study enrollment (HR 0.81, 95% CI 0.38 to 1.752, p=0.60) 
and (FIG. 4B) duration of metastatic disease prior to enroll­
ment (HR 1.13, 95% CI 0.49 to 2.62, p=0.78) on this 
pembrolizmnab study were comparable between the MMR-


45 deficient and proficient CRC cohorts. The short duration on 
prior therapy is expected in a treatment refractory CRC 
population. 


FIG. 5 (FIG. S4.) Waterfall plot of biochemical response. 
Senun protein biomarker levels were measured with each 


50 cycle and the values represent best percent change from 
baseline. Patients were included if baseline tumor marker 
values were greater than the upper limit of normal. CA-125 
was used for a patient with endometrial cancer; CA19-9 was 
used for 1 cholangiocarcinoma and 1 ampullary cancer; and 


55 CEA was used for all other patients. Green and red represent 
patients with MMR-deficient and proficient CRCs, respec­
tively. Blue represents patients with MMR-deficient cancers 
other than CRC. 


FIGS. 6A-6B (FIG. SS.) Somatic mutations in MMR-
60 deficient and proficient tumors. Total somatic mutations per 


tumor identified by exome sequencing of tumor and matched 
normal DNA (FIG. 6A) and correlation with objective 
responses (FIG. 6B) (non-parametric Wilcoxon test, 


65 


p=0.007 and Jonckheere-Terpstra test for trend, p=0.02). 
FIG. 7 (FIG. S6). Inununolustochemistry of CD8 and 


PD-LI Expression. The invasive front (yellow dashed line) 
from a MMR-deficient CRC (subject #16, top) and MMR-
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proficient CRC (subject #3, bottom). The yellow dashed line 
separates tumor (T) and normal (N) tissue. There is marked 
expression of PD-Ll (blue arrows) and CDS (brown dots) in 
the MMR-deficient tumor (top panels) patient while there is 
very little expression of either marker in the MMR-profi- 5 


cient tumor (bottom panels). Representative images of 
tumor infiltrating lymphocytes (TIL) in another MMR­
deficient CRC (subject #19, top) and MMR-proficient CRC 
(subject #3, bottom) immunolabeled with an antibody to 
CDS (brown dots). Note the infiltration of CDS cells in the 10 


MMR-deficient tumor. Invasive front original magnification 
!Ox and TIL 20x. 


FIG. 8 (FIG. S7.) CDS and PD-Ll Expression in the 
MMR-deficient and MMR-proficient tumor microenviron­
ment. T cell density units are cells/mm2 of tumor. Invasive 15 


front refers to the inmmne cells (TILs and macrophages) at 
the junction of the tlunor and normal tissue. P-values 
obtained using an lmpaired t-test. 


FIG. 9 (FIG. S8.) CDS expression and clinical benefit to 
pembrolizmnab. Correlation between the intratlunoral cos+ 20 


T cell density (cells/mm2) and objective response (Jonck­
heere-Terpstra test for trend, p=0.02). 


6 
1200, at least 1300, at least 1400, at least 1500, or at least 
1600 mutations per tumor genome. High mutational burden 
means a large number of somatic mutations in the tlunor 
relative to nonnal tissues of the individual. An average 
munber of somatic mutations in a non-MSI t1.1mor is about 
70 somatic mutations. 


Any type oftlunor that displays the MSI phenotype or a 
high mutational burden may be tested and/or treated accord­
ing to the invention. These include without limitation can­
cers of the colon, gastric, endometrial, cholangiocarcinoma, 
pancreatic, and prostate cancer. Tumors of the ampulla, 
biliary, brain, including glioma, breast, lung, skin, esopha­
gus, liver, kidney, ovaries, sarcoma, uterns, cervix, bladder, 
testes, oral cavity, tongue, and small and large bowel may 
also be tested and/or treated. 


Testing ofMSI can be accomplished by any means known 
in the art. One or more of the following markers may be 
tested: five nearly monomorphic mononucleotide repeat 
markers (BAT-25, BAT-26, MONO-27, NR-21 and NR-24) 
and two higl1ly polymorphic pentanucleotide repeat markers 
(Penta C and Penta D ). In one commercial system which can 
be used, fluorescently labeled primers (marker panel) are 
used for co-amplification of all seven of the above named 
markers. Fragments are detected after amplification for 


FIG. 10 (Table SI.) Comparison of im1mme-related and 
RECIST response criteria (adapted from Wolchok et al. Clin 
Can Res 2009; 15:7412-20.) 25 assignment of genotype/phenotype. 


FIG. 11 (Table S2.) Immune-Related response to treat­
ment 


FIG. 12 (Table S4.) Correlation of total somatic mutations 
and mutation associated neoantigens (MANA) with clinical 
outcomes 


FIG. 13 (Table S5.) Correlation ofin11m111e markers with 
clinical outcome 


30 


Samples that can be tested for MSI include tumor tissue 
as well as body fluids that contain nucleic acids shed from 
tlunors. Testing for tumor DNA in such tissues and body 
fluids is well known. 


Types of antibodies which can be used include any tl1at 
are developed for the immune checkpoint inhibitors. These 
can be monoclonal or polyclonal. They may be single chain 
fragments or other fragments of full antibodies, including 
those made by enzymatic cleavage or recombinant DNA DETAILED DESCRIPTION OF THE 


INVENTION 35 techniques. They may be of any isotype, including but not 
limited to IgG, IgM, IgE. The antibodies may be of any 
species source, including human, goat, rabbit, mouse, cow, 
chimpanzee. The antibodies may be humanized or chimeric. 


The inventors have fmmd that immune checkpoint inhibi­
tors work best in tlunors with high mutation burdens. 
Furthem10re, tlunors deficient in mismatch repair are par­
ticularly susceptible to a particular fonn of immunotherapy 40 


because this phenotype results in ongoing accumulation of 
mutations at a high frequency. The inventors have developed 
a treatment for cancer patients that display the microsatellite 
instability phenotype or other high mutational burden. The 
treatment involves an inhibitory antibody for an immune 45 
checkpoint. Such checkpoints include PD-1, IDO, CTLA-4, 
PD-LI, and LAG-3. Other inunune checkpoints can be used 
as well. Antibodies can be administered by any means that 
is convenient, including but not limited to intravenous 
infusion, oral administration, subcutaneous administration, 50 


sublingual administration, ocular administration, nasal 
administration, etc. 


Microsatellite instability (MSI) tlunors are deficient in 
DNA mismatch repair which leads to a high rate of spon­
taneous mutations and the potential for the expression of 55 


neo-antigens. Furthermore, similar to melanoma, in MSI 
positive colon cancers, there is often prominent lymphocyte 
infiltration. Any t1.1111ors that are MSI or otherwise high 
mutational burden may be treated according to the inven­
tion. They may be tested for the attribute of MSI according 60 


to any method known in the art, including but not limited 
that described in example 1 below. Any of one or more MSI 
markers can be tested to detennine an MSI phenotype. 
Samples may be tested for high mutational burden by 
identifying tumors with at least 100, at least 200, at least 65 


300, at least 400, at least 500, at least 600, at least 700, at 
least 800, at least 900, at least 1000, at least 1100, at least 


The antibodies may be conjugated or engineered to be 
attached to another moiety, whether a therapeutic molecule 
or a tracer molecule. Toe therapeutic molecule may be a 
toxin, for example. 


The data from the small phase 2 trial of pembrolizumab 
to treat tumors with and without deficiency of MMR sup­
ports the hypothesis that MMR-deficient tl.1mors are more 
responsive to PD-1 blockade than are MMR-proficient 
t1.1111ors. MMR-deficiency occurs in many cancers, including 
those of the colorectum, uterns, stomach, biliary tract, 
pancreas, ovary, prostate and small intestine18


•
34


-
42


. Patients 
with MMR-deficient tlunors of these types also benefit from 
anti-PD-I therapy, as may patients whose tmnors contain 
other DNA repair deficiencies, such as those with mutations 
in POLD, POLE, or MYH.18


'
43


' 
44 


Toe hypothesis that MMR-deficient t1.1mors stimulate the 
innnune system is not a new idea45


, and has been supported 
by the dense im1m111e infiltration and Thi-associated cyto­
kine-rich enviromnent observed in MMR-deficient 
tumors.19


-
22


,
46 A recent study refined these classic observa­


tions by showing that the MMR-deficient tlunor microen-
viromnent strongly expressed several immune checkpoint 
ligands including PD-1, PD-Ll, CTLA-4, LAG-3 and IDO, 
indicating that their active inunune microenviromnent is 
counterbalanced by inum111e inhibitory signals that resists 
tumor elimination47


. That the immune infiltrate associated 
with MMR-deficient carcinomas was directed at neoanti­
gens was the most likely explanation for both the old and 
new findings. The correlation ofhigl1er mutational load and 
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higher response rate to anti-CTLA-4 in melanoma41 and 
anti-PD-1 in lung cancer48 provide further support for the 
idea that MANA recognition is an important component of 
the endogenous anti-tumor illlll1une response. 


Based on the results of the current and previous studies, 5 
we suggest that the greatly (>20-fold) increased number of 
mutation-associated neoantigens resulting from MMR defi­
ciency (FIG. 12 (Table S4); also available on line at New 
England Journal of Medicine; incorporated by reference 
herein) is the basis for the enhanced anti-PD-1 responsive-


10 ness of this genetically defined subset of cancers. Though 
our estimates for the number of mutation-associated neoan­
tigens in tumors is based only on in silica predictions of 
binding-affinity, this suggestion is consistent with the obser­
vation that MMR-proficient tumors have far less infiltration 
of lymphocytes than MMR-deficient tumors (FIG. 7 (S6), 15 


FIG. 8 (S7) and FIG.13 (Table S5); available on line at New 
England Journal of Medicine; incorporated by reference 
herein). Recent studies49


•
50 show that only a tiny proportion 


of predicted neo-epitopes are actually presented on the cell 
surface with MHC and are targets of endogenous T cell 20 


responses. It seems likely, though that the number of pre­
dicted mutation-associated neoantigens is proportionate to 
the number of actual mutation-associated neoantigens, and 
tumors with a high number of actual mutation-associated 
neoantigens are more likely to stimulate the immune system 25 
to react against the tumor. Alternative mechanisms under­
lying the difference in anti-PD-I responsiveness between 
MMR-deficient and MMR-proficient tumors should also be 
considered. For example, different signaling pathways acti­
vated in MMR-deficient and MMR-proficient tumors may 
result in differences in secretion of soluble factors that could 30 


result in differential activation of the PD-1 pathway within 
the tumor microenvironment26


"
28


. Genetic differences could 
effect epigenetic differences that alter the expression of 
tumor-associated self-antigens that in h1rn could alter the 
antigenicity of the hm1or. Experimental analyses of antigen- 35 


specific imnnme responses as well as changes in immune 
microenvironments should help to define the relative con­
tribution of these factors to the striking responsiveness of 
MMR-deficient hunors to PD-1 antibodies. 


Several notable observations were made during the course 40 


of this study. First, changes in sernm protein biomarkers, 
like CEA, corresponded with clinical benefit after a single 
dose of therapy. Declines in CEA levels preceded objective 
radiographic evidence by several months; perhaps other 
biomarkers such as circulating hunor DNA (ctDNA) may 45 
also be beneficial as surrogate markers of early response.51 • 


s2 Second, our results suggest that the evaluation of hunor 
genomes can help guide inununotherapy. They support the 
view that the number and type of alterations may prove 
useful for judging the potential utility of i1mnune checkpoint 
inhibitors, even in MMR-proficient cancers41


•
48


•
53 Most 50 


importantly, our results demonstrate a new approach for the 
treatment of a specific class of hnnors based solely on 
genetic status: i.e., without regard to underlying hnnor type. 


The above disclosure generally describes the present 
invention. All references disclosed herein are expressly 55 


incorporated by reference. A more complete understanding 
can be obtained by reference to the following specific 
examples which are provided herein for purposes of illus­
tration only, and are not intended to limit the scope of the 
invention. 60 


Exan1ple 1 


MSI Testing 


8 
ment. Archived hunor samples or newly obtained biopsies 
will be used for determining MSI. MSI stah1s will be 
performed locally by CLIA certified innmlllohistochemistry 
(IHC) or PCR based tests for eligibility. Evaluable patients 
will be confirmed using the MSI Analysis System from 
Promega at Jolms Hopkins. This test will detern1ine MSI 
status through the insertion or deletion of repeating units in 
the five nearly monomorphic mononucleotide repeat mark­
ers (BAT-25, BAT-26, MONO-27, NR-21 and NR-24). At 
least 2 MSI loci are required to be evaluable in Cohorts A 
and C. Patients may be assigned to a new cohort and/or 
replaced based on the Promega test results. 


Example 2 


Methods 


Patients 


Treatment-refractory progressive metastatic cancer 
patients for this phase 2 sh1dy were recrnited from three 
participating centers (Table 1). Three cohorts were evalu­
ated: Cohort A was composed of patients with MMR­
deficient colorectal adenocarcinomas; Cohort B was com­
posed of patients with MMR-proficient colorectal 
adenocarcinomas; and Cohort C was composed of patients 
with MMR-deficient cancers of types other than colorectal. 


Study Oversight 


TI1e protocol, which can be found at NEJM.org, was 
approved by each site's institutional review boards, and the 
sh1dy was conducted in accordance with the Declaration of 
Helsinki and the International Conference on Harmonization 
Guidelines for Good Clinical Practice. All the patients 
provided written infonned consent before study entry. The 
principal investigator (D. L.) and sh1dy sponsor (L.A. D.) 
were responsible for oversight of the sh1dy. Merck donated 
the sh1dy drng, reviewed the final drafts of the protocol and 
of this manuscript. The clinical sh1dy was primarily fimded 
through philanthropic support. 


Study Design 


This phase 2 trial was conducted using a Green-Dahlberg 
two-stage design and consisted of the three parallel cohorts 
described above. The sh1dy agent, pembrolizumab (Merck), 
was administered at 10 mg/kg intravenously every 14 days. 
Pembrolizmnab is a humanized monoclonal anti-PD-I anti­
body of the IgG4/kappa isotype that blocks the interaction 
between PD-1 and its ligands, PD-Ll and PD-L2. 


Safety assessments were performed before each treat­
ment. Assessments of total hunor burden via measurements 
of senun biomarkers were performed at the start of each 
cycle. Radiologic assessments were made at 12 weeks and 
every 8 weeks thereafter. Further details concerning the 
clinical protocol are provided in the Exan1ple 3. 


Analysis of Mismatch Repair Stah1s 


Tumors with genetic defects in MMR pathways are 
known to harbor thousands of somatic mutations, especially 
in regions of repetitive DNA known as microsatellites. The 
accmnulation of mutations in these regions of the genome is 


MSI testing is already standardized and perfonned in 
CUA-certified laboratories without need for assay develop-


65 tenned microsatellite instability (MSI)26
"
28


• MMR-status 
was assessed using the MSI Analysis System from Promega 
in h1mors, through the evaluation of selected microsatel!ite 
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sequences particularly prone to copying errors when MMR 
is compromised26


-
28


. See Supplementary Appendix for addi­
tional details. 


Genomic & Bioinfonuatic Analyses 


Primary tmnor samples and matched normal peripheral­
blood specimens were obtained from a subset of subjects 
with MMR-deficient and others with MMR-proficient car­
cinomas where sufficient tmnor tissue was available for 10 


exome sequencing30 and HLA haplotyping. To assess the 
potential for mutant peptide binding, somatic exome data 
combined with the individual patient's MHC class I HLA 
haplotype was applied to the an epitope prediction algo­
rithm31


'
32


. This algorithm provided an estimate of the total 15 


m1mber of mutation-associated neoantigens in each tumor. 
Additional details are provided in the Supplementary 
Appendix (available on line at New England Journal of 


10 
manuscript for publication. The principal investigator and 
study sponsor vouch for the accuracy and completeness of 
the data reported as well as adherence to the protocol. 


HLA Typing 


HLA-A, HLA-8 and HLA-C Sequence Based Typing can 
be divided into three distinct steps, as described below. A 
generic, A *02 specific, B generic, B group specific, C 
generic and C*07 specific PCR and sequencing mixes were 
made in the JHU core facility. Celera's AlleleSEQR HLA-8 
Sequence Based Typing kit was used for B generic SBT. The 
HLA-A typing scheme is composed of two PCR reactions, 
A generic and A *02 specific. A generic amplicon encom­
passes partial exon I-partial exon 5. A *02 amplicon encom­
passes partial intron I-partial exon 5. HLA-8 typing scheme 
is composed of two PCR reactions, B generic and B group 
specific. The B generic PCR is a multiplexed reaction 
containing two PCR amplicons encompassing exon 2-exon Medicine; incorporated by reference herein). 


Statistical Analysis 
20 3 and exon 4-exon 7. B group specific an1plicon encom­


passes partial intron I-partial exon 5. HLA-C typing scheme 
is composed of two PCR reactions, C generic and C*07 
specific. C generic and C*07 specific amplicons encom-The primary endpoints for Cohorts A and B were 


immune-related objective response rate (irORR) and 
immune-related progression-free survival (irPFS) rate at 20 25 


weeks assessed using immune-related response criteria 
(irRC)33


. The primary endpoint for Cohort C was irPFS rate 
at 20 weeks. Immm1e-related criteria (i.e, criteria used to 
evaluate immune-based therapies) are based on radiographic 
responses, and unlike RECIST criteria, capture extent of 
disease after disease progression; these criteria are defined 
and compared to RECIST vl.1 in FIG. 10 (Table SI). 
Response rate and PPS rate at 20 weeks were evaluated and 
reported in this study using RECIST vl .1 and irRC (FIG. 10 
(Table Sl)). PPS and overall survival was surmnarized by 
Kaplan-Meier method. Details of the hypothesis, the deci­
sion mies to reject the null hypotheses and early-stopping 
mies for efficacy and futility, and statistical methods are 
provided in the Supplementary Appendix. 


Example 3 


Supplementary Methods 


Patients 


To be eligible for participation in this study, patients had 


passes exons 1-7. 
The specificity of the HLA-A and B PCR employed 


AmpliTaq Gold DNA polymerase. The GeneAn1p High 
Fidelity enzyme is used for the HLA-C and C*07 PCR 
mixes. This enzyme is a mix of two polymerases: AmpliTaq 
DNA polymerase (non-proofreading polymerase) and a 


30 proofreading polymerase. This enzyme mix is necessary to 
produce efficient and robust amplification of the larger full 
length HLA-C amplicon. 


PCR product purification was performed using Exonu­
clease I and Shrimp Alkaline Phosphatase The A generic and 


35 B generic amplicons were bi-directionally sequenced for 
exons 2, 3, 4. The C generic amplicon was bi-directionally 
sequenced for exons 2, 3 and sequenced in a single direction 
for exons 1, 4, 5, 6, 7. A*02 specific, B group specific and 
C*07 specific an1plicons were sequenced in a single direc-


40 tion for exons 2, 3. All sequencing reactions were performed 
with Big Dye Terminator VI.I from Applied Biosystems 
and sequenced with an ABI Prism 3500XL Genetic Ana­
lyzer. Conexio Genomic's "Assign SBT" allele assignment 
software was used to process the data files. 


45 


Mismatch Repair Status Testing1
•
2 


to be at least 18 years of age, have histologically confirmed 
evidence of previously-treated, progressive carcinoma. All 
patients underwent MMR status testing prior to enrollment. 50 


All patients had at least one measurable lesion as defined by 


Six slides of tumor and normal (uninvolved lymph node 
or margin of resection) were cut (5 microns each), deparaf­
finized (xylene), and one stained with hematoxylin and eosin 
(H+E). A tumor area containing at least 20% neoplastic cells, 


the Response Evaluation Criteria in Solid Tumors (RE­
CIST), version 1.1, an Eastern Cooperative Oncology Group 
(ECOG) perfonnance-status score of O or I, and adequate 
hematologic, hepatic, and renal fimction. Eligible patients 55 


with CRC must have received at least 2 prior cancer thera­
pies and patients with other cancer types must have received 
at least 1 prior cancer therapy. Patients with untreated brain 
metastases, history ofHIY, hepatitis 8, hepatitis C, clinically 
significant ascites/elfosions, or autoimmune disease were 60 


excluded. 


Study Oversight 


designated by a board-certified Anatomic Pathologist was 
macrodissected using the Pinpoint DNA isolation system 
(Zymo Research, Irvine, Calif.), digested in proteinase K for 
8 hours and DNA was isolated using a QIAamp DNA Mini 
Kit (Qiagen, Valencia, Calif.). MSI was assessed using the 
MSI Analysis System (Promega, Madison, Wis.), composed 
of5 pseudomonomorphic mononucleotide repeats (BAT-25, 
BAT-26, NR-21, NR-24 and MONO-27) to detect MSI and 
2-pentanucleotide repeat loci (PentaC and PentaD) to con­
finn identity between nonnal and tumor samples, per manu-
facturer's instrnctions. Following amplification of50-100 ng 
DNA, the fluorescent PCR products were sized on ar1 
Applied Biosystems 3 l30xl capillary electrophoresis instrn-


Initial drafts of the manuscript were prepared by a subset 
of the authors and all authors contributed to the final 
manuscript. All the authors made the decision to submit the 


65 ment (Invitrogen, Calsbad, Calif.). Pentanucleotide loci con­
finned identity in all cases. Controls included water as a 
negative control and a mixture of 80% germline DNA with 
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20% MSI cancer DNA as a positive control. The size in 
bases was determined for each microsatellite locus and 
tumors were designated as MSI if two or more mononucle­
otide loci varied in length compared to the gennline DNA. 


12 
C. for 30 seconds, 72° C. for 30 seconds; and 72° C. for 5 
min. DNA was purified usingAgencourtAMPure XP beads 
(Beckman Coulter, IN) in a ratio of 1.0 to 1.0 of PCR 
product to beads and washed using 70% ethanol per the 


Sequencing Analysis 


Samples 


5 manufacturer's instrnctions. Exonic or targeted regions were 
captured in solution using the Agilent SureSelect v.4 kit 
according to the manufach1rer's instrnctions (Agilent, Santa 
Clara, Calif.). The captured library was then purified with a 
Qiagen MinE!ute colunm purification kit and eluted in 17 µI 


Samples provided as FFPE blocks or frozen tissue under­
went pathological review to detem1ine tumor cellularity. 
Trnnors were macrodissected to remove contaminating nor­
mal tissue, resulting in samples containing >20% neoplastic 
cells. Matched nonnal samples were provided as blood, 
saliva or normal tissue obtained from surgery. 


10 of 70° C. EB to obtain 15 ft! of captured DNA library. (5) 
The captured DNA library was amplified in the following 
way: Eight 30 ftL PCR reactions each containing 19 ft! of 
H2O, 6 ft! of 5x Phusion HF buffer, 0.6 ft! of 10 mM dNTP, 
1.5 ft! of DMSO, 0.30 ft! of Illumina PE primer #1, 0.30 ft! 


Sample Preparation and Next-Generation 
Sequencing3 


15 of Ilhunina PE primer #2, 0.30 ft! of Hotstart Phusion 
polymerase, and 2 µI of caph1red exome library were set up. 
The PCR program used was: 98° C. for 30 seconds; 14 
cycles (exome) or 16 cycles (targeted) of 98° C. for 10 


Sample preparation, library constrnction, exome caph1re, 20 


next generation sequencing, and bioinfonnatics analyses of 
h1mor and normal samples were performed at Personal 
Genome Diagnostics, Inc. (Baltimore, Md.). In brief, DNA 
was extracted from frozen or formalin-fixed paraffin embed­
ded (FFPE) tissue, along with matched blood or saliva 25 


samples using the Qiagen DNA FFPE tissue kit or Qiagen 
DNA blood mini kit (Qiagen, CA). Genomic DNA from 
hunor and normal samples were fragmented and used for 
Illumina TrnSeq library construction (Illumina, San Diego, 
Calif.) according to the manufacturer's instrnctions or as 30 


previously described 4. Briefly, 50 nano grams (ng)-3 micro­
grams (ftg) of genomic DNA in 100 rnicroliters (ft!) of TE 
was fragmented in a Covaris sonicator (Covaris, Woburn, 
Mass.) to a size of 150-450 hp. To remove fragments smaller 
than 150 bp, DNA was purified using Agencourt AMPure 35 


XP beads (Beckman Coulter, IN) in a ratio of 1.0 to 0.9 of 
PCR product to beads twice and washed using 70% ethanol 
per the manufach1rer's instrnctions. Purified, fragmented 
DNA was mixed with 36 ft! of H2O, 10 ft! of End Repair 
Reaction Buffer, 5 fLI of End Repair Enzyme Mix (cat # 40 


E6050, NEB, Ipswich, Mass.). The 100 ft! end-repair mix­
hire was incubated at 20° C. for 30 min, and purified using 
Agencourt AMPure XP beads (Beckman Coulter, IN) in a 
ratio of 1.0 to 1.25 of PCR product to beads and washed 
using 70% ethanol per the manufach1rer's instructions. To 45 


A-tail, 42 ft! of end-repaired DNA was mixed with 5 ft! of 
I 0xdA Tailing Reaction Buffer and 3 µI of Kienow ( exo-) 
(cat# E6053, NEB, Ipswich, Mass.). The 50 ft! mixture was 
incubated at 3 7° C. for 30 min and purified using Agencourt 
AMPure XP beads (Beckman Coulter, IN) in a ratio of 1.0 50 


to 1.0 of PCR product to beads and washed using 70% 
ethanol per the manufacturer's instructions. For adaptor 
ligation, 25 ft! of A-tailed DNA was mixed with 6.7 rt! of 
H2O, 3.3 fLI of PE-adaptor (Illumina), 10 ft! of 5x Ligation 
buffer and 5 pl of Quick T4 DNA ligase (cat# E6056, NEB, 55 


Ipswich, Mass.). The ligation mixt11re was incubated at 20° 
C. for 15 min and purified using Agencourt AMPure XP 
beads (Beckman Coulter, IN) in a ratio of 1.0 to 0.95 and 1.0 
of PCR product to beads twice and washed using 70% 
ethanol per the manufach1rer's instrnctions. To obtain an 60 


amplified library, twelve PCRs of 25 µI each were set up, 
each including 15.5 ft! ofH2O, 5 ft! of5x Phusion HF buffer, 
0.5 ft! of a dNTP mix containing 10 mM of each dNTP, 1.25 
ft! of DMSO, 0.25 ft! of Illumina PE primer #1, 0.25 ft! of 
Illumina PE primer #2, 0.25 µ1 of Hotstart Phusion poly- 65 


merase, and 2 ft! of the DNA. The PCR program used was: 
98° C. for 2 minutes; 12 cycles of98° C. for 15 seconds, 65° 


seconds, 65° C. for 30 seconds, 72° C. for 30 seconds; and 
72° C. for 5 min. To purify PCR products, a NucleoSpin 
Extract II purification kit (Macherey-Nagel, Pa.) was used 
following the manufachlfer's instrnctions. Paired-end 
sequencing, resulting in 100 bases from each end of the 
fragments for exome libraries and 150 bases from each end 
of the fragment for targeted libraries, was performed using 
Illumina HiSeq 2000/2500 and Illumina MiSeq instrrnnen-
tation (Illumina, San Diego, Calif.). 


Primary Processing of Next-Generation Sequencing 
Data and Identification of Putative Somatic 


Mutations 3 


Somatic mutations were identified using VariantDx cus­
tom software (Personal Genome Diagnostics, Baltimore, 
Md.) for identifying mutations in matched tumor and nonnal 
samples. Prior to mutation calling, primary processing of 
sequence data for both hunor and nonnal samples were 
perfonned using Illumina CASAVA software (vi .8), includ­
ing masking of adapter sequences. Sequence reads were 
aligned against the human reference genome (version hgl 8) 
using ELAND with additional realigrnnent of select regions 
using the Needleman-Wunsch method 5. Candidate somatic 
mutations, consisting of point mutations, insertions, and 
deletions were then identified using VariantDx across the 
either the whole exome or regions of interest. VariantDx 
examines sequence alignments of trnnor samples against a 
matched normal while applying filters to exclude alignment 
and sequencing artifacts. In brief, an alignment filter was 
applied to exclude quality failed reads, unpaired reads, and 
poorly mapped reads in the hunor. A base quality filter was 
applied to limit inclusion of bases with reported phred 
quality score >30 for the hunor and >20 for the nonnal. A 
mutation in the tmnor was identified as a candidate somatic 
mutation only when (i) distinct paired reads contained the 
mutation in the hunor; (ii) the mnnber of distinct paired 
reads containing a particular mutation in the hunor was at 
least 10% of read pairs; (iii) the mismatched base was not 
present in > 1 % of the reads in the matched normal sample 
as well as not present in a custom database of connnon 
germline variants derived from dbSNP; and (iv) the position 
was covered in both the h1mor and normal at >150x. 
Mutations arising from misplaced genome aligmnents, 
including paralogous sequences, were identified and 
excluded by searching the reference genome. 


Candidate somatic mutations were forther filtered based 
on gene annotation to identify those occurring in protein­
coding regions. Functional consequences were predicted 
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progression at 20 weeks or :a:22 subjects had disease pro­
gression by 20 weeks. This design achieves 90% power to 
detect a 20-week irPFS rate of25% and 80% power to detect 
an irOR rate (irORR) of 21 %, with an overall type I error of 


5 0.05 at the null hypothesis of 20-week irPFS rate of 5% and 
irORR of 5%. 


using snpEff and a custom database of CCDS, RefSeq and 
Ensembl annotations using the latest transcript versions 
available on hg18 from UCSC (available at genom­
e.ucsc.edu). Predictions were ordered to prefer transcripts 
with canonical start and stop codons and CCDS or Refseq 
transcripts over Ensembl when available. Finally mutations 
were filtered to exclude intronic and silent changes, while 
retaining mutations resulting in missense mutations, non­
sense mutations, frameshifts, or splice site alterations. A 
manual visual inspection step was used to farther remove 10 


artifactual changes. 


For Coh01i C, the primary endpoint was irPFS at 20 
weeks. A two-stage Green-Dahlberg two-stage design was 
used, with an interim and final analysis after 14 and 21 
patients; at stage 1, 2:l of 14 free-of-progression at 20 weeks 
were required to proceed to the second stage, with :a:4 of 21 
free-of-progression at 20 weeks at the end indicating 


Mutant Peptide MHC Binding Prediction 


Somatic frameshift, insertions, deletions, and missense 
mutations predicted to result in an amino acid change were 
analyzed for potential MHC class I binding based on the 
individual patient's HLA haplotype. Our initial analysis 
focused on HLA-A and HLA-B. Amino acid mutations were 


adequate efficacy in Cohort C. TI1e cohort could be ternli­
nated as soon as :a:4 free-of-progression at 20 weeks were 
confirmed. TI1e design has 81 % power to detect a 20-week 


15 irPFS rate of 25% with a 5% type I error at the null 
hypothesis of 20-week irPFS rate of 5%. 


Statistical Analysis 


linked to their corresponding CCDS accession munber and 20 


in instances where this was unavailable, either a Refseq or 
ensemble transcript was used to extract the protein sequence. 


Response and progression were evaluated using RECIST 
vl.1 and the immune-related response criteria (irRC) 
adopted from Wolchok et al. 8, which uses the stun of the 
products of bidimensional tumor measurements and incor­
porates new lesions into the sum. Progression-free survival 


To identify 8 mer, 9 mer, and 10 mer epitopes, amino acid 
fragments surrotmding each mutation were identified. TI1ese 
15, 17, and 19 mutant amino acid fragments were analyzed 
by the epitope prediction progran1 NetMHC 3.4.6 Epitopes 
with a predicted affinity of <50 lltl1 were considered to be 
strong potential binders and epitopes with a predicted affin-
ity of <500 nm were considered to be weak potential binders 
as suggested by the NetMHC group 6. 


To farther refine the total neoantigen burden, we repeated 
that san1e process for the complementary wild-type peptide 
for each mutant peptide. We then filtered for mutant peptides 
that were strong potential binders when the complementary 
wild-type peptide was predicted a weak potential binder. 
These mutant peptides are referred to as mutation-associated 
neoantigens (MANA). In the event that a patient had a ( e.g., 
cases 1, 17 and 21) single MHC haplotype not supported by 
NetMHC 3.4, the individual haplotype was not included in 
our analysis. 


Statistical Methods 


Design of the Trial7 


This trial was conducted using a parallel two-stage design 
to simultaneously evaluate the efficacy of MK-3475 and 
MSI as a treatment selection marker for anti-PD-I therapy. 
It consisted of two-stage phase 2 studies in parallel in the 
three cohorts of patients described in the text. The study 
agent, MK-3475, was administered at 10 mg/kg intrave­
nously every 14 days. 


25 (PFS) rates and irPFS rate at 20-weeks was estimated as the 
proportion of patients who were free-of-disease progression 
and alive at 20 weeks after the initiation of pembrolizmnab. 
Patients who had disease progression prior to 20 weeks or 
were enrolled for >20 weeks at the time the study data were 
collated were included in the analysis for estimating 


30 20-week PFS (irPFS) rate. Patients who dropped out early 
due to toxicities or worsening disease and therefore did not 
have 20-week tumor assessment were considered as having 
progressive disease. ORR (irORR) was the proportion of 
patients who achieved best overall response of CR or PR 


35 (irCR or irPR). Patients who were in the study long enough 
to have tumor response evaluations were included in the 
analysis for estimating response rates. Among those who 
responded (CR or PR), duration of response was the time of 
first RECIST response to the time of disease progression, 


40 and was censored at the last evaluable tumor assessment for 
responders who had not progressed. 


PFS and irPFS were defined as the time from the date of 
initial dose to the date of disease progression or the date of 
death due to any cause, whichever occurred first. PFS and 


45 irPFS were censored on the date of the last evaluable tumor 
assessment docmnenting absence of progressive disease for 
patients who were alive and progression-free. Overall sur­
vival (OS) was defined as the time from the date of initial 
dose to death due to any cause. For patients who were still 
alive at the time of analysis, the OS time was censored on 


50 the last date the patients were known to be alive. Survival 
times were summarized by the Kaplan-Meier method. As a 
post hoc analysis, log-rank tests were used to compare 
Cohort A and B and hazard ratios were estimated based on For each of Cohort A and B, the co-primary endpoints 


were progression-free-survival (irPFS) at 20 weeks and 
objective response (irOR) assessed using illllllune related 55 


criteria. A step-down gatekeeping procedure was used to 
preserve the overall type I error. A two-stage Green-Dahl­
berg design was used to evaluate irPFS, with interim and 
final analysis after 15 and 25 patients, respectively. At stage 


Cox models. 
The association of percent CEA decline after 1 cycle with 


PFS or OS was assessed using landmark analysis based on 
Cox regression models. For correlative studies, non-para­
metric Wilcoxon test was used to compare mutational load 
between MMR-deficient and MMR-proficient patients. The 


60 effects of baseline mutational burden and immune markers 1, 2:l of 15 free-of-progression at 20 weeks were required to 
proceed to the second stage, and :a:4 of 25 free-of-progres­
sion at 20 weeks were then required to proceed to test for 
irOR, with :a:4 of 25 responders (irCR or irPR) indicating 
promising efficacy in that cohort. Each cohort could be 
terminated for efficacy as soon as :a:4 free-of-progression at 65 


20 weeks and :a:4 responses were confirmed, or be terminated 
for fatility as soon as O of 15 in stage 1 were free-of-


on response and survival times were examined using logistic 
regression and Cox regression, respectively. 


Immtmohistochemistry & Image Analysis 


The fraction of malignant cells exhibiting a membranous 
pattern of B7-Hl expression and the percentage at the 
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invasive front were quantified by three pathologists (R. A. 
A., F. B., and J. M. T.) as previously reported9, 10. Image 
analysis was used to determine the mllllber of CDS diamino­
benzidine (DAB)-stained cells. Using the H&E-stained slide 
for each case, we identified the following regions: i) tumor, 5 
ii) invasive front (the boundary between malignant and 
non-malignant tissue), and iii) normal tissue. The CDS­
stained slides were scanned at 20x equivalent magnification 
(0.49 micrometers per pixel) on an Aperio ScanScope AT. 


10 Regions corresponding to hunor, invasive front and nomial 
tissue (above, from the H&E) were annotated on separate 
layers using Aperio ImageScope vl2.l.0.5029. 


CDS-positive lymphocyte density was calculated in each 
of the above regions using a custom algorithm implemented 


15 
in PIP 1 I. Results were converted to Deepzoom images 
using the VIPS library 12 and visualized using the 
OpenSeadragon viewer (available at openseadragon.githu­
b.io). 


16 
12. Cupitt J, Martinez K. VIPS: an image processing system 
for large images. Electronic Imaging: Science & Technol­
ogy; 1996: International Society for Optics and Photonics. p. 
19-28. 


Example 4 


Patients 


41 consecutive patients were enrolled and treated between 
September 2013 and January 2015. (Table 1). Recruitment 
included patients in pursuit of a clinical trial option who 
were known to have hunors with mismatch repair, or who 
had tumors of unknown stah1s who were then tested. One 
patient in the MMR-deficient CRC cohort was enrolled 
under an IRB eligibility waiver allowing a grade 3 bilirnbin 
level. A total of 32 CRC patients were enrolled into Cohorts 
A and B. All CRC patients received ;a:2 prior chemotherapy 
regimens (median=4) except for one MMR-proficient 


References for Example 3 Only 
20 patient who had received one chemotherapeutic and one 


(non-PDl-based) inununotherapeutic regimen. 
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Nine subjects diagnosed with MMR-deficient solid 
hnnors other than CRC were enrolled onto Cohmi C. All 
Cohort C patients received e:l prior cancer treatments (me-


25 dian=2). 


JMD 2006; 8:305-11. 
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30 
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Example 5 


Primary Endpoint Evaluation 


The irORR and irPFS at 20 weeks (FIG.11 (Table S2)) for 
Cohort A were 40% (4 of 10 patients; 95% CI, 12 to 74%) 
and 78% (7 of9 patients; 95% CI, 40 to 97%) and for Cohort 
C were 71% (5 of7 patients; 95% CI, 29 to 96%) aiid 67% 
( 4 of 6 patients; 95% CI, 22 to 96% ). In Cohort B, comprised 
of patients with MMR-proficient CR Cs, irORR and 20-week 
irPFS were 0% (95% CI, 0 to 20%) and 11 % (2 of 18 
patients; 95% CI, 1 to 35%). Both the MMR-deficient 
cohorts A and C reached their predefined early stopping rule 
for efficacy when four subjects were free-of-disease pro­
gression at 20 weeks and four objective responses were 
observed based on inm1tme-related response criteria (FIG. 
11 (Table S2); available on line at New England Journal of 
Medicine; incorporated by reference herein; and supplemen­
tary methods, above). 


The median time of follow-up for patients was 32 weeks 
(range, 5-51 weeks) for patients with MMR-deficient CRC 
(Cohort A), 12 weeks (range, 2-56 weeks) for patients with 
MMR-proficient CRC (Cohort B) and 12 weeks (rai1ge, 4-42 
weeks) for patients with MMR-deficient non-CRC tumors 
(Cohort C). All patients evaluable for 20-week irPFS were 
followed for at least 20 weeks. 


Example 6 


Radiographic Evaluation 


Of the ten evaluable MMR-deficient CRC patients in 
Cohort A, four (40%; 95% CI, 12-74%) achieved objective 
responses by RECIST criteria (Table 2, FIG. 1 and FIG. 3 
(S2)). Patients were considered not evaluable unless they 
underwent a 12-week scan. The disease control rate was 
defined as the fraction of patients who achieved an objective 
response or whose disease was stable, and was 90% in 
Cohort A (9 of 10 patients; 95% CI, 55-100%). 


Of the seven evaluable patients with MMR-deficient 
cancer types other tlian CRC enrolled in Cohort C, five 
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(71 %; 95% CI, 29-96%) achieved objective responses 
(Table 2, FIG. 3 (S2) and FIG.1) using RECIST criteria and 
the disease control rate was 71 % (5 of 7 patients; 95% CI, 
29-96%). 


Patients in Cohort C responded faster than patients in 5 


Cohort A (median time to response by RECISTof 12 vs. 28 
weeks, p=0.03). Furthenuore, all six MMR-deficient tumors 
that were not associated with Lynch syndrome (100%) 
achieved an objective response, whereas only three of eleven 
tumors (27%) associated with Lynch Syndrome responded 10 


(Table S3; p=0.009; available on-line at New England 
Journal of Medicine; and incorporated by reference herein). 


18 
tomatic pancreatitis (15%). While the numbers were small, 
thyroid fimction abnormalities were limited to the MMR­
deficient cohorts (Table 3). 


Example 9 


Tmnor Markers 


In the two CRC cohorts, baseline CEA levels were 
evaluable and above the upper limit of normal (3 mg/di), in 
29 of 32 patients prior to enrollment. Major CEA declines 
occurred in seven of the ten patients with MMR-deficient 
CRC and in none of the 19 patients with MMR-proficient 
CRC in which CEA was evaluable (FIG. 1 and FIG. 5 (S4)). 


No other baseline characteristics showed statistically sig­
nificant association with objective responses. 


Of the 18 patients with MMR-proficient CRCs in Cohort 
B, no objective responses were observed (Table 2, FIG. 3 
(S2) aud FIG. 1) using RECIST criteria and the disease 
control rate was 11% (2 of 18 patients; 95% CI, 1 to 35%). 


15 In 11011-CRC MMR-deficient patients, tumor marker levels 
(CEA, CA19-9 or CA-125) were elevated above the upper 
limit ofnonnal in four patients. CA19-9 or CA-125 declines 
of >70% occurred in three of these four patients. Tumor 


All patients who achieved a response by RECIST criteria 20 


(FIG. 11 (Table 2)) also achieved a response by immune­
related response criteria (FIG. 11 (Table S2)). 


marker kinetics of all 3 cohorts are shown in FIG. 1. The 
level of CEA decline after 1 dose (between days 14 and 28) 
of pembrolizumab was predictive of both progression-free 
(p=0.01) and overall survival outcomes (p=0.02). 'foe CEA 
response occurred well in advance of radiographic confir­
mation of disease control (range, 10 to 35 weeks). In Example 7 


Survival 
25 contrast, patients who progressed showed rapid biomarker 


elevation within 30 days of initiating therapy. Thus, changes 
in CEA levels significantly preceded and correlated with 
ultimate radiographic changes. In Cohort A, the patients with MMR-deficient CRC, 


median progression-free survival (PFS) and median overall 
survival (OS) were not reached (FIG. 2). In contrast, the 30 


patients with MMR-proficient cancers in Cohort B achieved 
a PFS of only 2.2 months (95% CI, 1.4-2.8) and a median OS 
of 5.0 months (95% CI, 3.0 to not estimable). In Cohort C 
(MMR-deficient 11011-CRC), the median PFS was 5.4 months 
(95% CI, 3 to not estimable) and the median OS was not 35 


reached. 
A post hoc (FIG. 2) comparison of the MMR-deficient and 


proficient CRC cohorts showed hazard ratios (HR) for 
disease progression (HR=0.10; 95% CI, 0.03-0.37; p<0.001) 
and overall survival (HR=0.22; 95% CI, 0.05-1.00; p=0.05), 40 


favoring patients with MMR-deficient CRC. 
To evaluate whether the difference in survival might be 


due to prognostic differences, we measured the duration of 
time patients had been diagnosed with metastatic disease 
and the clinical perfonnance of patients on their previous 45 


regimen prior to enrollment. We found that there was no 
significant difference between MMR-deficient vs. MMR­
proficient CRC patients with respect to their duration of 
metastatic disease (p=0.77; Log-rank test) or median PFS 
(p=0.60, Log-rank test) on their prior regimens (FIG. 4 50 


(S3)). We also performed an additional multivariate analysis 
of PFS and OS to examine the difference in outcomes 
between MMR-deficient CRC and MMR-proficient tumors 
adjusting for elapsed time since initial diagnosis. The mag­
nitude of the hazard ratios for PFS (HR 0.04, 95% CI 55 


0.01-0.21, P<0.001) and OS (HR 0.18, 95% CI 0.03-1.01, 
P=0.05), representing the different effect of pembrolizumab 
between MMR-deficient and MMR-proficient tumors, was 
maintained after adjusting for this potential difference. 


60 


Example 8 


Safety Assessment 


Adverse events occurring in >5% of patients are listed in 65 


Table 3. Select adverse events included rash/prnritus (24%), 
thyroiditis/hypothyroidism/hypophysitis (10%), and asymp-


Example 10 


Genomic Analysis 


Analysis of whole-exome sequences showed an average 
of 1,782 somatic mutations per tumor in MMR-deficient 
patients (n=9) compared witl1 73 mutations per tumor in 
MMR-proficient patients (11=6) (non-parametric Wilcoxon 
test, p=0.007) (FIGS. 6A-6B (S5); see also Table S3 which 
is available on-line at New England Journal of Medicine; 
incorporated by reference herein). Most (63%) of these 
mutations are predicted to alter amino acids. 


These mutations were then assessed for their innnuno­
genic potential in the context of each patient's individual 
MHC haplotype. We thereby identified an average of 578 
and 21 potential mutation-associated neoantigens from the 
tumors of MMR-deficient and MMR-proficient patients, 
respectively (Table S3; which is available on-line at New 
England Journal of Medicine; incorporated by reference 
herein). The fraction of potential mutation-associated neoan­
tigens an10ng all somatic mutations was similar in both 
cohorts (averaging 32% and 29% in MMR-deficient and 
-proficient patients, respectively). High munbers of somatic 
mutations and potential mutation-associated neoantigens 
were associated with improved progression-free survival 
and with a trend in favor of objective response (FIG. 13 (S5) 
and FIG. 12 (Table S4); also available on line at New 
England Journal of Medicine; incorporated by reference 
herein). 


Example 11 


Innnunohistochemistry 


Expression of CD8 and PD-LI were evaluated by immu­
nohistochemistry within the tumor and at the invasive fronts 
of the tumor in the 30 cases in which hunor tissue was 
available (FIG. 7 (S6); also available on line at New England 
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Journal of Medicine; incorporated by reference herein). 
Tmnors from patients in Cohorts A and C contained a greater 
density of CDS-positive lymphoid cells than did tlllnors 
from Cohort B patients (FIG. 8 (S7); p=0.10) and CDS­
labeling was associated with a trend favoring objective 
response and stable disease (FIG. 9 (SS) and FIG. 13 (Table 
S5); also available on line at New England Journal of 
Medicine; incorporated by reference herein). This CDS-


positive lymphoid infiltrate was especially prominent at the 
invasive fronts of the tumors (FIG. 8 (S7); p=0.04). Signifi­
cant membranous PD-LI expression only occurred in 
MMR-deficient patients and was prominent on tumor infil-


5 !rating lymphocytes (TILs) and tumor-associated macro­
phages located at the tumors' invasive fronts (FIG. 8 (S7); 
p=0.04). Expression of CDS and PD-LI were not statisti­
cally associated with PFS or OS (FIG. 13 (Table S5)). 


TABLE I 


Demographic and Baseline Characteristics of Patients 


MMR- MRC-
deficient proficient 


CRC CRC 
Characteristic n - 11 n = 21 P values 1 


Age - years 


median 46 61 0.02 
range (24-65) (32-79) 
Sex - no.(%) 


Female 5 (45) 8 (38) 0.72 
Male 6 (55) 13 (62) 
Race - no. (%) 


white 8 (73) 17 (81) 0.66 
black I (9) 3 (14) 
other 2 (18) 1 (5) 
ECOG Performance Status - no. (%)2 


0 0 (0) 6 (29) 0.07 
11 (100) 15 (71) 


Diagnosis no.(%) 


Colon 9 (82) 18 (86) >0.99 
Rectal 2 (18) 3 (14) 
Ampullruy/Cholangiocarcinoma 0 (0) NIA 
Endometrial 0 (0) NIA 
Small bowel 0 (0) NIA 
Gastric 0 (0) NIA 
Histology - no. (%) 


Well/moderately differentiated 7 (64) 18 (86) 0.20 
Poorly differentiated 4 (36) 3 (14) 
Other 0 (0) 0 (0) 
Stage IV - no. (%) (11) 100 21 (100) >0.99 
Liver metastases - no. (%) 6 (55) 11 (52) >0.99 
Time since first diagnosis - months 


median 31 58 0.07 
rangev 6-95 27-192 
Prior systemic therapies - no. (%) 


0 0 (0) 0 (0) 0.89 
3 (27) 4 (19) 
3 (27) 5 (24) 


>4 5 (45) 12 (57) 
Detected germline mutation or known Lynch - no. (%) 


Yes 9 (82) 0 (0) <0.001 
No 2 (18) 21 (100) 
Unknown 0 (0) 0 (0) 
BRAF wild type - no. (%) 


Yes 8 (73) 11 (52) 0.64 
No 0 (0) 1 (5) 
Unknown 3 (27) 9 (43) 
KRAS wild type - no. (%) 


Yes 6 (55) 13 (62) 0.72 
No 5 (45) 8 (38) 
Unknown 0 (0) 0 (0) 


lvrMR, mismatch repair; 
CRC, colorectal cancer 
1MMR•deficient CRC versus MJvrn.•proficient CRC 
2ECOG, Eastern Cooperative Oncology Group 


MMR­
deficient 
non-CRC 


n-9 


57 
(34-92) 


4 (44) 
5 (56) 


8 (89) 
0 (0) 
1 (11) 


2 (22) 
7 (78) 


0 (0) 
0 (0) 
4 (44) 
2 (22) 
2 (22) 
1(11) 


4 (44) 
3 (33) 
2 (22) 
9 (100) 
6 (67) 


23 
2-105 


1 (11) 
5 (56) 
1 (11) 
2 (22) 


4 (44) 
4 (44) 
1 (11) 


4 (44) 
0 (0) 
5 (56) 


4 (44) 
1 (11) 
4 (44) 
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TABLE 2 


Objective RECIST responses 


MMR-deficient MRC-proficient MMR-deficient 
CRC CRC non-CRC 


Type of Response - no. (%) ll = 10 n = 18 n = 7 


Complete Response 0 (0) 0 (0) 1 (14)1 


Partial Response 4 (40) 0 (0) 4 (57)2 
Stable Disease (Week 12) 5 (50) 2 (11) 0 (0) 
Progressive Disease 1 (10) 11 (61) 2 (29) 
Not Evaluable' 0 (0) 5 (28) 0 (0) 
Objective Response Rate(%) 40 0 71 
95%CI 12-74 0-19 29-96 
Disease Control Rate (%)4 90 11 71 
95%CI 55-100 1-35 29-96 
Duration of Response - median weeks Not reached NIA5 Not reached 
Time to Response, median weeks (range) 28 (13-35) NIA5 11 (10-13) 


1Originally PR at 12 weeks that was converted to CR at 20 weeks 
2One PR at 12 weeks 
3Patients were considered not evaluable if they did not undergo a 12 week scan due to clinical progression. 
4The rate of disease control was defined as the percentage of patients who had a complete response, partial response 
?r stable disease for 12 weeks or more, 
No responses recorded for MMR*proficient CRC patients 


TABLE 3 


Drug-Related Advel"se Events 


Event - no (%)1 


Any 
Blood and Lymphatic 


Anemia 
Lympl1openia 
Cardiac 


Sinus tachycardia 
Dermatologic 


Dry skin 
Rash/pruritis 
Endocrine Disorders 


ThyroiditislHypotl1yroidism/Hypophysitis 
Gastrointestinal 


Abdominal Pain 
Anorexia 
Constipation 
Diarrhea 
Dry moutl1 
Nausea 
Bowel Obstmction 
Hepatobiliary 


ALT, elevated 
Pancreatitis2 


Metabolism and Nutrition 


Hypoalbuminemia 
Hyponatremia 
Musculoskeletal 


Althralgia 
Myalgia 
Nervous System 


Dizziness 
Headache 
Psychiat:ric 


Insomnia 
Respfrato1y3 


Allergic Rhinitis 
Cough 


All Grades 
N=41 


40 (98) 


8 (20) 
8 (20) 


4 (10) 


5 (12) 
10 (24) 


4 (10) 


10 (24) 
4 (10) 
8 (20) 


10 (24) 
5 (12) 
5 (12) 
3 (7) 


3 (7) 
6 (15) 


4 (10) 
3 (7) 


7 (17) 
6 (15) 


4 (10) 
7 (17) 


3 (7) 


12 (29) 
4 (10) 


TABLE 3-continued 


25 Druo-Related Adverse Events 


Grade 3 or 4 
N = 41 Event no (%)1 


All Grades 
N=41 


Grade 3 or 4 
N=41 


17 (41! Dyspnea 6 (15) 
3 (7) 


0 
0 


7 (17) 


30 Upper Respirato1y infection 
Other 


8 (20) Cold u1tolerance 
Edema 


6 (15) 
4 (10) 


13 (32) 
5 (12) 


0 
0 
0 
0 
0 


Fatigue 
0 Fever 


0 
0 


0 


0 
0 
0 


2 (5) 
0 
0 


3 (7) 


2 (5) 
0 


4 (10) 
3 (7) 


0 
0 


0 
0 


0 


0 
0 


35 Pain 14 (34) 


40 


J Adverse Events occurring in greater than 5% of patients 
2All cases ofpancreatitis were asymptomatic 
3One incidence of pneuruonitis (2%) 
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administering an effective aniount of pembrolizumab to 
the patient; 


determiti.ing that the patient exli.ibits all outcome that is 
improved as compared to a corresponding outcome that 
would be observed in a reference patient that has been 
adni.inistered pembrolizumab, wherein reference 
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12. The method of claim 11, wherein the microsatellite 
marker is BAT-25, BAT-26, MONO-27, NR-21, or NR-24. 


13. The method of claim 11, wherein the Cal1cer is a 
metastatic Cal1cer. 


We claim: 14. The method of claim 11, wherein the cancer is a 
1. A method for treating cancer in a patient in need 55 metastatic colorectal cancer. 


thereof, comprising: 
detennining that the patient has a tumor that exhibits a 


high microsatellite instability (MSI-high) or a mis­
match repair (MMR) deficiency statl1s; 


administering an effective amount of pembrolizumab to 
the patient; 


detennining that the patient exhlbits an outcome that is 
improved as compared to a corresponding outcome that 
would be observed in a reference patient that has been 
adni.i1i.istered pembrolizumab, wherein the reference 
patient has a tlunor that does not exli.ibit a MSI-high or 
a MMR deficiency status; and 


15. The method of claim 14, wherein the metastatic 
colorectal cancer in the patient has progressed after the 
patient received the prior cancer therapy drug. 


16. The method of claim 11, wherein the outcome that is 
60 improved is an improved objective response rate (ORR), all 


improved progression-free survival (PFS), or all improved 
overall survival. 


17. TI1e method of claim 16, wherein the outcome is 
assessed in the patient at 20 weeks after administering 


65 pembrolizumab. 
18. TI1e method of claim 11, wherein pembrolizumab is 


adni.inistered by intravenous infusion. 
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19. A method for treating cancer in a patient in need 
thereof comprising: 


selecting a patient who has an unresectable or metastatic, 
microsatellite instability-high (MSI-H) or mismatch 
repair (MMR) deficient solid tmnor, the tumor having 5 


progressed following a cancer therapy; 
administering an effective amount of pembrolizumab to 


the patient; and 


28 
23 . A method_foi:.ti:.eating cancer in a poJJulation of cancer 


patients in need thereof, comprising: 
administering an effective amount of pembrolizumab to 


patients in the population of cancer patients, which 
patients have a tmnor that exhibits a high microsatellite 
instability (MSI-high) or a mismatch repai (MMR) 
deficiency statns, said n,mor having progressed follow­
ing a prior treatment; and 


observing an objecti_ve response rate of about 12% to 96% 
in the population of cancer patients after administration 
of pembrolizumab. 


24. The method of claim 23, wherein the n1mor exhibits 
instability of a microsatellite marker. 


detennining that the patient exhibits an outcome that is 
improved as compared to a corresponding outcome that 10 


would be observed in a reference patient that has been 
administered pembrolizumab, wherein the reference 
patient has a tumor that does not exhibit a MSI-high or 25. The method of claim 24, wherein the microsatellite 


15 
marker is BAT-25, BAT-26, MONO-27, NR-21 or NR-24. 


26. The method of claim 23, wherein the cancer is a 
metastatic cancer. 


a MMR deficiency status. 
20. The method of claim 19, wherein the solid tumor 


exhibits instability in a microsatellite marker. 
21. The method of claim 20, wherein the microsatellite 


marker is BAT-25, BAT-26, MONO-27, NR-21 or NR-24. 
22. The method of claim 19, wherein the outcome that is 20 


improved is an improved objective response rate (ORR), an 
improved progression-free sm-vival (PFS), or an improved 
overall survival. 


27. The method of claim 23, wherein the objective 
response rate is assessed in the population of cancer patients 
at 20 weeks after administering pembrolizumab. 


28. The method of claim 23, wherein the cancer is not 
colorectal cancer. 
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