Some Cancer Patients 'Hyperprogress' on Immunotherapy

Damian McNamara | March 09, 2017 | http://www.medscape.com/viewarticle/877048 
LA JOLLA, California — When it comes to immunotherapy for cancer, "everyone likes to talk about the 'super-responders'," said an expert here at the 10th Future of Genomic Medicine Conference.  But evidence is emerging that some patients become "hyperprogressors" and their cancer grows quickly soon after they start therapy.

"We've all heard that immunotherapy is great.  And there is subset of patients who do really well with long-term remission, even in the metastatic setting," said Razelle Kurzrock, MD, from the University of California, San Diego School of Medicine.  "But it's not all good."

"We began to notice that some patients were progressing rapidly on immunotherapy," she explained.  To illustrate her point, she showed imaging from a 73-year-old patient with metastatic bladder cancer whose cancer "just exploded" in size after starting immunotherapy.

We need to figure out not only who to treat, but who not to treat.

"We need to figure out not only who to treat, but who not to treat.  This will largely be done through genomics," Dr Kurzrock said.

For example, the MDM2 genes encode an oncoprotein that turns off p53 and other tumor-suppressor genes, boosting tumor formation in a number of cancer types when amplified.  The amplification of MDM2 is also associated with hyperprogression after the initiation of immunotherapy.

The pace of progression is increased anywhere from five- to 40-fold.

"We've noticed now that all our patients with MDM2 amplification have responded this way," she reported, adding that progression is rapid.  "The pace of progression is increased anywhere from five- to 40-fold."

One patient with MDM2 amplification assessed at the UC San Diego Center for Personalized Cancer Therapy was a 65-year-old woman whose endometrial stromal sarcoma progressed quickly on nivolumab, an anti-programmed death 1 (PD-1) monoclonal antibody immunotherapy.  Another patient with MDM2 amplification, a 44-year-old woman with triple-negative breast cancer, underwent craniotomy and radiation therapy for brain metastases and then started pembrolizumab therapy, which also targets the PD-1 receptor.  A few months later, her cancer progressed.
"Late last year, a European group conducted a phase 1 trial and identified a small percentage of patients who were hyperprogressors, across all types of cancers," said Shubham Pant, MD, from the M.D. Anderson Cancer Center in Houston.  Of the 131 evaluable patients, 9% were deemed to be hyperprogressors, he told Medscape Medical News (Clin Cancer Res. Published online November 8, 2016).

Those patients with hyperprogressive tumor growth did not have a significantly higher baseline tumor burden.  However, hyperprogression was associated with older age (P < .05) and worse overall survival.

"It's a very interesting clinical question, but these are still early days," Dr Pant explained.  It also raises questions: Which tumor types are most likely to progress?  How do we identify the folks who are going to hyperprogress?  And who responds well to immunotherapy?

Higher Mutational Burden, Better Response 
It sounds counterintuitive, but sometimes people with more complex tumors and a higher tumor mutational burden respond better, Dr Kurzrock said.

"We did a study where tumor mutational burden — across tumor types — was linearly correlated to checkpoint inhibitors," she noted.  "That makes sense.  Once you reactivate the immune system, if there are a lot of neoantigens, the system has something to respond to."

Anti-PD1 and anti-programmed death ligand (PD-L1) checkpoint inhibitors might help "get the immune system out of check" in patients with a high mutational burden, she suggested.

Table. Responses to Immunotherapy 
	Tumor Mutational Burden
	Response Rates to Immunotherapy, %

	Low
	4

	Intermediate
	26

	High
	45

	Very high
	67


Not only does immunotherapy response correspond with tissue tumor burden, it also corresponds with the amount of circulating tumor (ct)DNA, said Dr Kurzrock, whose center has performed ctDNA analysis on more than 1500 patients to date.

One of these patients — a 49-year-old woman with high-grade neuroendocrine cervical cancer — presented with a very large abdominal tumor associated with a partial ureteral obstruction and impending bowel obstruction.

Liquid biopsy revealed "a whole lot of alterations.  Most patients have two or three alterations in their ctDNA, but she was just packed," Dr Kurzrock explained.

Subsequent tissue-sample biopsy confirmed that the woman had 23 genetic mutations and a very high tumor burden but was a super-responder to nivolumab and radiation, she reported.  "We believe at 15 months that she is in complete remission."

Dr Kurzrock reports receiving research funding from Genentech, Merck Serono, Pfizer, Sequenom, Foundation Medicine, and Guardant; receiving consultant or advisory board fees from Actuate Therapeutics and XBiotech; and having ownership interest in Novena and Curematch. Dr Pant has disclosed no relevant financial relationships.

10th Future of Genomic Medicine (FOGM) Conference.  Presented March 2, 2017.
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Abstract

Purpose: While immune checkpoint inhibitors are disrupting the management of patients with cancer, anecdotal occurrences of rapid progression (i.e., hyperprogressive disease or HPD) under these agents have been described, suggesting potentially deleterious effects of these drugs.  The prevalence, the natural history, and the predictive factors of HPD in patients with cancer treated by anti-PD-1/PD-L1 remain unknown.

Experimental Design: Medical records from all patients (N = 218) prospectively treated in Gustave Roussy by anti-PD-1/PD-L1 within phase I clinical trials were analyzed.  The tumor growth rate (TGR) prior (“REFERENCE”; REF) and upon (“EXPERIMENTAL”; EXP) anti-PD-1/PD-L1 therapy was compared to identify patients with accelerated tumor growth.  Associations between TGR, clinicopathologic characteristics, and overall survival (OS) were computed.

Results: HPD was defined as a RECIST progression at the first evaluation and as a ≥2-fold increase of the TGR between the REF and the EXP periods.  Of 131 evaluable patients, 12 patients (9%) were considered as having HPD.  HPD was not associated with higher tumor burden at baseline, nor with any specific tumor type.  At progression, patients with HPD had a lower rate of new lesions than patients with disease progression without HPD (P < 0.05).  HPD is associated with a higher age (P < 0.05) and a worse outcome (overall survival).  Interestingly, REF TGR (before treatment) was inversely correlated with response to anti-PD-1/PD-L1 (P < 0.05) therapy.

Conclusions: A novel aggressive pattern of hyperprogression exists in a fraction of patients treated with anti-PD-1/PD-L1.  This observation raises some concerns about treating elderly patients (>65 years old) with anti-PD-1/PD-L1 monotherapy and suggests further study of this phenomenon.  Clin Cancer Res; 1–9. ©2016 AACR.
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· Supplementary Data

· Supplementary tables and figures legends - Supplementary tables and figures legends 
· Supplementary Figure S1 - Figure S1 A: Distribution of the TGR EXPERIMENTAL/TGR REFERENCE ratio for HPD patients (as defined as PD estimated by the RECIST sum and TGR ratio {greater than or equal to} 2).  The red dashed line represents the threshold of TGR=2 fold.  Figure S1 B-F: Association between HPD and anatomo-clinical variables (B) Patterns of progression at the first tumor evaluation (N=49): Among patients with progressive disease by RECIST at the first evaluation, HPD patients exhibited a lower rate of new lesions than non-HPD progressing patients.  (C) Distribution of the tumor burden at baseline (estimated by the RECIST sum) across the HPD (N=12) and the non-HPD patients (N=119) (D) Frequencies of the HPD patients among the different categories of Royal Marsden Hospital (RMH) prognostic score (E-F) Distribution of the lymphocytes (D) or LDH baseline level (E), across the HPD (N=12) and the non-HPD patients (N=119) 
· Overall survival estimates (landmark survival analysis) - *HPD adapted RECIST classes: complete response (CR), partial response (PR) and stable disease (SD) remained as defined by RECIST 1.1.  Regarding progressive disease patients, these were allocated to PD non-HPD and to HPD.  HPD patients are defined as progressive disease (PD) by RECIST 1.1 at the first evaluation and an increase {greater than or equal to} two-fold in the TGR EXPERIMENTAL compared to REFERENCE period.

· Multivariate Cox regression analysis of the overall survival according to RMH prognostic score and HPD adapted RECIST classes (landmark analysis). - Practically, patients with SD, PD and HPD lead 4.9, 16.5 and 25.9 fold increase in the death the death hazard compared to patients with CR-PR, respectively.  *HPD adapted RECIST classes: complete response (CR), partial response (PR) and stable disease (SD) remained as defined by RECIST 1.1.  Regarding progressive disease patients, these were allocated to PD non-HPD and to HPD.  HPD patients are defined as progressive disease (PD) by RECIST 1.1 at the first evaluation and an increase {greater than or equal to} two-fold in the TGR EXPERIMENTAL compared to REFERENCE period.

· Multivariate linear regression model evaluating the association between tumor response (RECIST, %) and the following variables : age > 65 y.o. (yes/no), TGR REFERENCE and the Royal Marsden Prognostic - * To be clinically meaningful, estimates are computed for 10% variation in TGR 
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Cancer researchers worry immunotherapy may hasten growth of tumors in some patients

Bob Tedeschi @bobtedeschi | April 3, 2017 | https://www.statnews.com/2017/04/03/immunotherapy-cancer-tumor-growth/ 
For doctors at the University of California, San Diego, it was seemingly a no-lose proposition: A 73-year-old patient’s bladder cancer was slowly progressing but he was generally stable and strong.
He seemed like the ideal candidate for an immunotherapy drug, atezolizumab, or Tecentriq, that had just been approved to treat bladder cancer patients.
Doctors started the patient on the drug in June.  It was a spectacular failure: Within six weeks, he was removed from the drug, and he died two months later.
In a troubling phenomenon that researchers have observed in a number of cases recently, the treatment appeared not only to fail to thwart the man’s cancer, but to unleash its full fury.  It seemed to make the tumor grow faster.
The patient’s case was one of a handful described last week in the journal Clinical Cancer Research.  Of the 155 cases studied, eight patients who had been fairly stable before immunotherapy treatment declined rapidly, failing the therapy within two months.
Six saw their tumors enter a hyperactive phase, where the tumors grew by between 53 percent and 258 percent.
Beware the hype: Top scientists cautious about fighting cancer with immunotherapy 
 “There’s some phenomenon here that seems to be true, and I think we cannot just give this therapy randomly to the patient,” the author of the study, Dr. Shumei Kato, an oncologist at UC San Diego, said in an interview with STAT.  “We need to select who’s going to be on it.”
Kato’s article, on which the noted cancer researcher Dr. Razelle Kurzrock is named as a principal investigator, strains to make the point that the findings are more suggestive than conclusive, and that “further investigation is urgently needed.”
But similar findings were published last year by cancer researchers at the Gustave Roussy Institute in France.  These results were considered controversial by some, since they hadn’t been widely confirmed by other oncologists.
Some remain unconvinced, including Dr. Vinay Prasad, assistant professor in the Division of Hematology Oncology at Oregon Health and Science University.
“Tumor growth is not a precise measurement, and if you measure lots of people, some will have faster growth just because of the error in the test,” he said, adding that Kato’s research does not determine whether the growth happens “beyond the chance rate.”
“At the end of the day, while I find this interesting, I think the main point is if you use drugs where” randomized control trials [Phase 3 trials] “show benefit, you will be good,” Prasad said.  But immunotherapies are often approved based on early results, without randomized control trials.  Given that, “don’t be surprised if you harm patients.  True for all drugs.  Even, almost surely, immunotherapy,” Prasad said.
Dr. Antoni Ribas, who researches immunotherapies at the Ronald Reagan UCLA Medical Center, said these reports should not change patients’ and doctors’ approach to immunotherapy.
“The potential benefit of immunotherapy far outweighs the worry by miles at this time, so nobody should give up that option because we now have anecdotal evidence that they may have an adverse effect the tumors,” he said.  “I can always be corrected by data, but this is something to be explored further.”
The observations are rippling through an oncology community that is trying to better understand the limitations of immunotherapy, a much-vaunted therapy that seeks to unleash the immune system against cancer.
“The potential benefit of immunotherapy far outweighs the worry by miles at this time, so nobody should give up that option.” because we now have anecdotal evidence that they may have an adverse effect the tumors,” he said.  “I can always be corrected by data, but this is something to be explored further.”
The observations are rippling through an oncology community that is trying to better understand the limitations of immunotherapy, a much-vaunted therapy that seeks to unleash the immune system against cancer.
“The potential benefit of immunotherapy far outweighs the worry by miles at this time, so nobody should give up that option,” says Antoni Ribas, Ronald Reagan UCLA Medical Center.
In the latest Clinical Cancer Research findings, those who experienced the hyperprogression of tumors, as the phenomenon is known, shared specific genetic characteristics.  In all six patients with so-called amplifications in the MDM2 gene family, and two of 10 patients with alterations in the EGFR gene, the anti-PD-1 or anti-PD-L1 immunotherapies quickly failed, and the patients’ cancers progressed rapidly.
Aside from atezolizumab, immunotherapies in this class include avelumab (Bavencio); pembrolizumab (Keytruda); and nivolumab (Opdivo).  The other major class of immunotherapies are known as anti-CTLA-4 treatments, such as ipilimumab (Yervoy), which target a different mechanism to unleash immune cells to fight tumors.
Doctors who prescribe immunotherapies may be able to identify at-risk patients by submitting tumors for genetic testing, Kato and his coauthors suggested.
The findings published last year by the Gustave Roussy team also appeared in Clinical Cancer Research.  In that study, of 131 patients, 12 patients, or 9 percent, showed hyperprogressive growth after taking anti-PD-1 or anti-PD-L1 immunotherapies.
The lead author of that study, Stephane Champiat, acknowledged that the research so far raises more questions than it answers.  Prior to the latest publication from Kato, Champiat said he was unsure if the phenomenon is related to the immunotherapy drugs.  The new study, he said, “makes me more confident.”
A group of killer T cells (green and red) surrounds a cancer cell (blue, center). NIH 
Champiat suggested factors that could be associated with the effect.  In his study’s patients, for instance, those who were older than 65 showed hyperprogressive growth at twice the rate of younger patients.
“Is it specific to older patients? I don’t think so.  Do they have higher risk? Maybe,” Champiat said.  “And I think it’s probably different from one tumor type to another tumor type.”
Oncologists studying this phenomenon said it could complicate treatment strategies, because some patients who receive immunotherapies can exhibit what’s known as “pseudo-progression,” in which tumor scans reveal apparent growth.  In reality, however, the scans are instead showing areas where the cancer is being attacked by armies of immune cells.
Roughly 10 percent of melanoma patients on immunotherapies, for instance, experience this phenomenon [pseudo-progression].

Champiat said that he and his colleagues had mistakenly believed that patients whose cancer had entered a hyper-growth mode were merely experiencing pseudo-progression, so they continued the immunotherapy treatment.
“We were probably deleterious because we maintained that,” he said.
That’s also what Kato and his colleagues were hoping, as their patients’ cancer appeared to grow in their first weeks on immunotherapy.
The findings, if they continue to receive validation across the oncology community, could offer more reason for caution among cancer doctors who have witnessed exceptionally strong results from immunotherapies.
Jimmy Carter is perhaps the best-known immunotherapy success story.
But most patients do not respond to the immunotherapy treatments, for reasons that remain largely unknown.
In a study by Prasad and Dr. Nathan Gay, also of Oregon Health and Science University, nearly 70 percent of Americans die from forms of cancer for which there is no immunotherapy option, and for the rest who do qualify for immunotherapy, only 26 percent actually see their tumors shrink.
Few people actually benefit from ‘breakthrough’ cancer immunotherapy 

And while immunotherapies typically include less intrusive side effects than chemotherapy, those side effects, when they happen, can be life-threatening.
Researchers have reported cases in which immunotherapies attacked vital organs, including the colon, liver, lungs, kidney, and pancreas, with some patients experiencing acute, rapid-onset diabetes after receiving the treatments.
But in those cases, the treatments were at least attacking the cancer.  Such reports didn’t raise the specter of these treatments possibly working on the cancer’s behalf to shift it into overdrive.
“I’m a little bit nervous, to be honest with you, reporting this,” Kato said.
Dr. Jennifer S. Temel, clinical director of thoracic oncology at Massachusetts General Hospital, alluded to the emerging research on immunotherapy in a presentation to palliative care and hospice clinicians in February.
“I’m treating 30 patients with immunotherapy, and when it works, it is so awesome,” she said.  But the new data showing the drugs might accelerate cancer, she said, has introduced a new set of worries for patients and doctors.
“How are we doing to deal with that?” she asked.  “We just don’t know yet.  But I am scared.”
“The challenge for oncologists,” Temel added in an email Monday, “is to balance our excitement and enthusiasm with this reality and be sure to communicate honestly and effectively with our patients.”
For cancer patients, newest treatments force the ultimate decision, with no room for error 

Kato said the patient whose bladder cancer grew out of control after receiving atezolizumab was “very intelligent, very knowledgable.”
The man’s wife accompanied him to appointments, and together they decided to move ahead with the treatment.  Within weeks he grew more fatigued and his sodium levels plummeted.  When they scanned his tumors, they had grown by 258 percent.
“He was angry,” Kato said.  “At me, at first, and to the team in general.”
“It was very, very hard,” he said.  “We get very encouraged by good outcomes, and we struggle to try to make the same result, but unfortunately it’s not always the case.”
Immunotherapy and Hyperprogression of Disease
Anna Azvolinsky, PhD | Monday, October 30, 2017 | http://www.oncotherapynetwork.com/article/immunotherapy-and-hyperprogression-disease?GUID=FAF5E37B-A5FA-49BA-8279-E320A982216E&rememberme=1&ts=14112017 

Earlier this year, Razelle Kurzrock, MD, an oncologist and the chief of the Division of Hematology and Oncology at the University of California, San Diego, and Shumei Kato, MD, an oncologist also at UC San Diego and colleagues published a report analyzing potential genetic biomarkers of so-called “hyperprogressors”—cancer patients who had been treated with either an anti-PD1 or anti-PDL1 antibody, checkpoint inhibitors, and other types of immunotherapy, and had what the authors described as the unexpected result of faster tumor growth and worsening disease state following treatment. Similar observations of hyperprogression had been documented and published at the end of last year by clinical researchers at the Institut Gustave Roussy in Paris, France. 
-Interviewed by Anna Azvolinsky, PhD
OncoTherapy Network: Dr. Kato, let’s start with you. Could you tell us your initial experience with this phenomenon of hyperprogression?
Dr. Kato: Yes, thank you. We had a couple cases where we were puzzled whether the patients were having rapid progression from immunotherapy or just regular progression or pseudo-progression. The first case was a 65-year-old woman with endometrial stromal sarcoma who had several lines of therapy and was having indolent disease with gradual progression. We gave her nivolumab because there was some [efficacy] data of the drug with sarcoma. About a month after initiation of nivolumab, which is an anti-PD1 antibody, she developed multiple new large masses in the abdomen and existing liver metastases were also rapidly growing. The second case was a 73-year-old man, a bladder cancer patient who actually had a marker for immunotherapy response (high tumor mutation burden). At that time, atezolizumab, an anti-PDL1 antibody, had just been approved for his type of cancer, so we initiated treatment for him with the drug. However, within a few months of therapy, the patient’s clinical condition rapidly declined and repeat scans including a CT scan showed, unfortunately, multiple emerging liver metastases. So those were our first experiences [with hyperprogression]. Back then we were not really sure what was going on with these patients.

OncoTherapy Network: Dr. Kurzrock, was there any pattern that was emerging as you saw a handful of patients that looked like their disease was getting worse, as Dr. Kato just described, following treatment with one of these checkpoint inhibitors?
Dr. Kurzrock: Yes, it is very interesting about the pattern and also how this whole phenomenon emerged to us. As Dr. Kato mentioned, there were initially two patients—Dr. Kato and I share patients in the rare tumor clinic—and these two patients had pretty slow-growing disease before getting a checkpoint inhibitor. But then their disease literally exploded when they were on the checkpoint inhibitor. It was very curious because this had not been reported before and Dr. Kato and I discussed whether this acceleration or fueling of disease was real. Then Dr. Kato came back to me and said “You know, Dr. Kurzrock, did you notice that they both have MDM2 amplification?”

MDM2 amplification is a specific genomic abnormality that is found in only about 5% of patients. And I thought, well, that is a little strange, what a coincidence. And then, just to tell you how this evolved, I was talking to one of my colleagues at M.D. Anderson, a physician who has also treated a lot of patients with immunotherapy, and I asked him if he had ever seen patients that looked like they got worse on immunotherapy. He said, ”Oh yes, we definitely have seen that” and I said, ”Why didn’t you publish this?” His reply was, ”I don't think anyone would believe us.”

I asked him whether he did the genomics on these patients, and he told me he had one patient that came to mind immediately who had had a genomics analysis. He sent me the analysis of the patient’s tumor and the patient also had an MDM2 amplification. At that point I thought that it could not be a coincidence because this only occurs in 5% of patients, total. That led to the study where Dr. Kato and I analyzed all of the patients that we had access to who had been treated with immunotherapy at [the UCSD] Moores Cancer Center and found that both MDM2 amplification and EGFR [epidermal growth factor receptor] alterations co-related with this phenomenon of hyperprogression.

OncoTherapy Network: Dr. Kurzrock, could you describe the study that you and Dr. Kato and colleagues did in a bit more detail? How many patients were there and did you look at other genetic alterations besides the two you just mentioned?
Dr. Kurzrock: There were about 150 patients total, and really, I want to give credit to Dr. Kato for doing the bulk of the work here. We started out looking at any patients that had progressed in less than 2 months, which would be considered rapid progression. We know that physicians don’t want to take patients off immunotherapy because there have been so many positive results, therefore was any patients that were taken off before 2 months of therapy had been completed, we suspected that the physician’s hands had probably been forced.

Then we looked at all of the genomic alterations and we performed a multivariate analysis, which is a statistical methodology that allows you to pick out the variables that co-relate with the phenomenon that you are looking at, and what fell out of the multivariate analysis was MDM2 amplification. The other alteration that came from the multivariate analysis was an EGFR alteration. Dr. Kato then went back and pulled all of the films, so that we could examine these patients and the explosive growth of their tumors. We had very strict criteria because one of the things we expected people would say is “how do you know that these patients’ tumors weren’t growing very quickly even before the immunotherapy?” Therefore we elected not to include any patient unless we had films from 2 months before they started immunotherapy and at baseline so we could see that the rate of growth had indeed increased at least 2-fold, and in some patients, the growth had increased 35- to 40-fold.

OncoTherapy Network: Dr. Kato, anything else you would like to add about the major findings of the work?
Dr. Kato: I think one of the key things was to compare the images pre-immunotherapy, meaning not just the baseline scan. So we usually do a scan before and after treatment, but the key was to compare between 2 months before starting the immunotherapy to baseline and then after starting the immunotherapy to figure out the progression pace.

OncoTherapy Network: Finally, it seems that there are many unanswered questions. Are there any that you and your colleagues are currently addressing on this phenomenon of worsening disease following immunotherapy?
Dr. Kurzrock: Yes, so I think there are a few important things to mention. The first was that we were almost afraid to submit the report because, as our colleague at M.D. Anderson said, we also felt that it might not be believable. Then the Institut Gustave Roussy published their report—I want to give them credit for publishing that first report—and they found that 9% of their patients were showing hyperprogression, which we think is probably very similar to our patient group. What we added is that we had the genomic correlate. What was very interesting and encouraging is that there was an abstract at the recent ESMO [European Society of Medical Oncology] Congress that showed the exact same genomic correlates, MDM2 amplification and EGFR alteration, co-relate with this phenomenon of hyperprogression.
So I think that there are a few very important unanswered questions. The first is that we don't understand the mechanisms, and being scientists, we’d like to understand the mechanism. We found something that we think is very important for patients but we don’t understand how that occurs so we are working with our scientists to do some fundamental research to understand the mechanisms. The other unknown is whether this occurs in all patients that have these alterations. I think that patients with MDM amplification and EGFR abnormalities are at risk, but I wouldn’t say that we think that this is universal among these patients. Another unknown is whether there is a way to overcome this. For instance, could one give a checkpoint inhibitor together with an MDM2 inhibitor, as an example, and would that mitigate whatever effect the MDM2 amplification might have [on response to the checkpoint inhibitor]? So I think this raises a lot of new questions for us.

OncoTherapy Network: Thank you so much to both of you for joining us today.
Dr. Kurzrock: Thank you!

Dr. Kato: Thank you.

Hyperprogressors after Immunotherapy: Analysis of Genomic Alterations Associated with Accelerated Growth Rate

Shumei Kato, Aaron Goodman, Vighnesh Walavalkar, Donald A. Barkauskas, Andrew Sharabi and Razelle Kurzrock
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Abstract

Purpose: Checkpoint inhibitors demonstrate salutary anticancer effects, including long-term remissions. PD-L1 expression/amplification, high mutational burden, and mismatch repair deficiency correlate with response. We have, however, observed a subset of patients who appear to be “hyperprogressors,” with a greatly accelerated rate of tumor growth and clinical deterioration compared with pretherapy, which was also recently reported by Institut Gustave Roussy. The current study investigated potential genomic markers associated with “hyperprogression” after immunotherapy.

Experimental Design: Consecutive stage IV cancer patients who received immunotherapies (CTLA-4, PD-1/PD-L1 inhibitors or other [investigational] agents) and had their tumor evaluated by next-generation sequencing were analyzed (N = 155). We defined hyperprogression as time-to-treatment failure (TTF) <2 months, >50% increase in tumor burden compared with preimmunotherapy imaging, and >2-fold increase in progression pace.

Results: Amongst 155 patients, TTF <2 months was seen in all six individuals with MDM2/MDM4 amplification. After anti-PD1/PDL1 monotherapy, four of these patients showed remarkable increases in existing tumor size (55% to 258%), new large masses, and significantly accelerated progression pace (2.3-, 7.1-, 7.2- and 42.3-fold compared with the 2 months before immunotherapy). In multivariate analysis, MDM2/MDM4 and EGFR alterations correlated with TTF <2 months. Two of 10 patients with EGFR alterations were also hyperprogressors (53.6% and 125% increase in tumor size; 35.7- and 41.7-fold increase).

Conclusions: Some patients with MDM2 family amplification or EGFR aberrations had poor clinical outcome and significantly increased rate of tumor growth after single-agent checkpoint (PD-1/PD-L1) inhibitors. Genomic profiles may help to identify patients at risk for hyperprogression on immunotherapy. Further investigation is urgently needed. Clin Cancer Res; 23(15); 4242–50. ©2017 AACR.
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Abstract

Background

Pseudo-progression associated with ICI has been well described. HP - characterized by paradoxically accelerated tumor growth rate (TGR) - while on ICI is increasingly being recognized. Preliminary data have reported murine double minute (MDM2/MDM4) amplification as a possible predictive biomarker for HP based on pre-treatment next generation sequencing (NGS) of tumor tissue. We sought to identify patients that hyper-progressed at our institution, characterize the SAs in those patients (pts) and conversely, estimate the incidence of HP in pts with such SAs.

Methods

HP was defined as: 1. progression at first restaging on ICI 2. Increase in tumor size > 50%, 3. >2-fold increase in TGR. Data were obtained by interrogating our institutional electronic medical record and molecular database (MDB). Next Generation Sequencing (NGS -Foundation Medicine, Cambridge MA) was performed on pre-treatment tumor tissue; DNA was extracted, NGS was performed on hybrid-capture, adaptor ligation based libraries to a mean coverage depth of > 600 for up to 315 genes plus 47 introns from 19 genes frequently rearranged in cancer.

Results

5 pts met criteria for HP, NGS data was available on 4 (80%) pts. Most frequently encountered SAs were MDM2/MDM4 amplifications (amp -50%), EGFR amp (25%) and amp of several genes located on chromosome 11q13 -CCND1, FGF3, FGF4, FGF19 (75%). Tumor mutational burden ranged from 4-13/Mb for all pts with HP. Review of our MDB (N = 696) identified MDM2/MDM4, EGFR and 11q13 amp in 26 (4%), 26 (4%) and 25 (4%) pts respectively. Of the 70 patients with these SAs, 10 received ICI. The incidence of HP in pts with MDM2/MDM4, EGFR and 11q13 amp was 2 (66%), 1 (50%) and 3 (43%) respectively. Patient details are summarized below. Table:
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	Age - Sex
	Disease
	# Prior lines of chemotherapy
	ICI
	Time to HP (months)
	NGS

	65 - Male (M)
	NSCLC
	2
	Nivolumab (N)
	2
	CCDN1, CDK4, FGF19, FGF4, MDM2, FGF3, FRS2

	68 - M
	Esophageal Adeno Ca
	1
	Pembrolizumab (P)
	2
	CCND1, EGFR, FGFR19, FGF3, FGF4,

	77 - M
	Esophageal SCC
	3
	P
	3
	EPHA3, MDM4, CHEK2, EP300, NOTCH1, NOTCH3, SPOP, TP53

	59 - M
	Lung Ca (neuroendocrine features)
	1
	N
	2
	CCND1, FGF19, FGF3, FGF4, KRAS, NFE2L2, TP53

	58 F
	Renal Cell Ca
	2
	N
	1
	NA


Conclusions

A subset of pts treated with ICI develop HP. Copy number alterations in MDM2/MDM4, EGFR and several genes located on 11q13 are associated with HP. The role of these SAs as putative predictive biomarkers for HP needs further validation in larger cohorts of pts. Immune escape/editing, leading to HP needs mechanistic elucidation; prospective identification of pts at risk for HP is crucial and merits further investigation.
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Blood Will Tell: Scientists Find Clues to Immunotherapy Responders and Non-Responders 
By Matthew Tontonoz, Monday, April 10, 2017 https://www.mskcc.org/blog/blood-will-tell-scientists-find-clues-immunotherapy-responders-and-non-responders
Stored blood from clinical trials helped researchers to make an important discovery about responses to immunotherapy.

Summary: Some patients who receive immunotherapy drugs called checkpoint inhibitors experience significant benefit in terms of tumor shrinkage and longer survival — but many do not.  A new study suggests that measuring changes in the blood could help doctors determine whether a person is likely to benefit from these drugs.

Highlights

· Scientists analyzed changes in the blood of patients with melanoma treated with the immunotherapy drug pembrolizumab (Keytruda®).

· They identified a biomarker that, when adjusted for the amount of cancer present, was correlated with outcomes to treatment.

· Having a blood-based biomarker could enable doctors to learn early on whether a treatment is working for a particular patient.

The greatest hurdle facing cancer immunotherapy today is understanding why the treatment works for only a subset of the people who receive it — between 20% and 40%, depending on the type of cancer and the particular drug.  Several potential biomarkers that can predict a patient’s response to these drugs have been proposed, including the number of immune cells found in a patient’s tumor and the level of a molecule called PD-L1.

But measuring these two biomarkers requires tumor biopsies, and neither is a perfect indication of how well a person will do on immunotherapy.
A new study published in the journal Nature — the result of a collaboration between Memorial Sloan Kettering, the University of Pennsylvania, and the Parker Institute for Cancer Immunotherapy — provides evidence that the blood can be an important source of information regarding a patient’s response to this type of treatment.  The team found that blood contains clues about who is responding and who isn’t.  Examining those clues could one day help a doctor decide when it’s time to try a different therapy.

It’s Reinvigorating
In this study, researchers analyzed changes in the blood of 47 patients (18 from MSK, 29 from Penn) with stage IV melanoma who were treated with the PD-1-blocking drug pembrolizumab.  In particular, the researchers looked for signs of “reinvigoration” among circulating immune cells called T cells.  (When T cells are overworked, they become “exhausted” and lose their ability to fight cancer; immunotherapy drugs can reinvigorate these cells to help them keep fighting.)

The study authors found that the level of a particular protein made by these T cells was a useful predictor of the outcome to therapy, provided that doctors also took into account the amount of the patient’s cancer — essentially, the size and number of their tumors.

“The idea is that there is a relationship between the reinvigoration of the immune system and the amount of tumor that the patient is facing,” says Michael Postow, a medical oncologist at MSK and a co-author of the paper.  “So if a patient has a small amount of tumor and a lot of reinvigoration, they are likely to do well.  If the patient has poor reinvigoration and a lot of tumor, they are unlikely to do well — at least with PD-1-blocking drugs alone.”

Immunotherapy at MSK: Cancer is smart, but your immune system is smarter.  Discover how Memorial Sloan Kettering is deploying immunotherapy to fight cancer.  Learn more 
Dr. Postow suggests that this protein biomarker, when factored in along with other prognostic information, could one day provide doctors with a way to determine early on whether an immunotherapy treatment is working for a particular patient.

“The fact that we can gain useful information about a patient’s response to immunotherapy with just a simple blood draw is a really significant step toward having a biomarker that can guide treatment decisions,” Dr. Postow says.  “We’re not quite there yet in terms of the blood telling us everything we need to know, but this study is a good reminder that the blood is an important area in which to look.”

A Freezer Full of Data
To home in on this biomarker, the team analyzed stored blood samples from patients who had been treated with pembrolizumab as part of early clinical trials, some dating back to 2012.  It’s routine for patients in clinical trials to have blood collected, frozen, and stored.  In this case, that stored blood proved to be a gold mine.

Researchers thawed the blood and then stained it with various antibodies to detect known markers of exhaustion and reinvigoration.  One marker of exhaustion is PD-1 itself.  PD-1 is a so-called immune checkpoint, a protein that acts as a kind of brake, or check, on immune cell activity.  Immune cells make PD-1 as a way to shut themselves down after they’ve successfully controlled a threat — an infection, say, or a budding cancer.  But cancer cells are sneaky and can sabotage this natural control mechanism by making a molecule that engages the PD-1 brake on T cells, shutting them down prematurely.  That molecule is called PD-L1.  Drugs that block either PD-1 (such as pembrolizumab or nivolumab [Opdivo®]) or PD-L1 (such as atezolizumab [Tecentriq®]) prevent the PD-1 brake from being engaged, allowing immune cells to either stay active for longer or even reawaken.
"The fact that we can gain useful information about a patient's response to immunotherapy with just a simple blood draw is a really important step toward having a biomarker that can guide treatment decisions," Michael A. Postow medical oncologist 
But how could researchers tell, just by analyzing blood, whether these PD-1-positive cells were being reinvigorated? The team found that the number of PD-1-positive T cells that were also making a protein called Ki67 rose dramatically in the weeks following treatment with pembrolizumab.  From previous laboratory studies in mice, the researchers knew that Ki67 is a sign of actively dividing immune cells.  So their finding then suggested that Ki67 might be an appropriate biomarker of T cell reinvigoration.

Indeed, the change in Ki67 after treatment was a good predictor of a patient’s ultimate outcome — but only when adjusted for the amount of disease.  This result indicates that it’s the balance between the two variables that is important.  (While 75% of all patients had a rising Ki67 level after treatment, only 38% clinically benefited.)  
Mission Possible
The Nature paper is the first major publication to come out of the collaborative Parker Institute for Cancer Immunotherapy, of which MSK and Penn are both founding members.  Launched in April 2016, the Parker Institute is the brainchild of serial tech entrepreneur Sean Parker and is led by UCSF immunologist Jeffrey Bluestone.

“I think this study is really emblematic of what Sean Parker and Jeff Bluestone envisioned for the Parker Institute,” says Jedd Wolchok, Chief of the Melanoma and Immunotherapeutics Service and Director of the Parker Institute at MSK.  “It shows what can be accomplished when cancer centers pool their resources and join intellectual forces to answer common problems.” Dr. Wolchok was the principal investigator of the immunotherapy trial at MSK for which these blood samples were taken.  His research has helped establish this immunotherapy approach, called checkpoint blockade.  Study co-author Dr. Postow conducts research in Dr. Wolchok’s laboratory, in addition to seeing patients.

"I think this study is really emblematic of what Sean Parker and Jeff Bluestone envisioned for the Parker Institute," Jedd D. Wolchok medical oncologist 
At Penn, the study was led by E. John Wherry, an expert in the phenomenon of T cell exhaustion.  The idea to combine forces on the study came from a conversation between Dr. Wolchok and Dr. Wherry at a conference.  The two scientists recognized that their labs were working on similar problems, and both scientists had samples of stored blood that could be analyzed.

“John then reached out to me, and that’s kind of where this all came from,” Dr. Postow says.  “It’s been a great collaboration.”

He adds, “I’m really glad they approached us because this study allowed us to take advantage of the blood that our patients so generously provided.” 
This study was funded by grants from the National Institutes of Health, the Tara Miller Foundation, a German Research Foundation fellowship, the Penn Department of Medicine Measey Research Fellowship Award, the Melanoma Research Alliance, the Robertson Foundation/Cancer Research Institute Irvington Fellowship, the Ludwig Center for Cancer Immunotherapy, Swim Across America, the Conquer Cancer Foundation, and the Parker Institute for Cancer Immunotherapy.
