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Objectives

• Understand the role of the immune system in 
cancer development (Cancer-immunity cycle)

• Discuss checkpoint inhibitor therapy in human 
cancer

• Introduce biomarker development in immuno-
oncology

• Outline newer immune strategies in cancer

Achieve all above in 20 minutes 



• Immune system: 
looking for things to fix

• Immune system 
tolerates “self” 
(tolerance, thymus)

• Immune system rejects 
“non-self”

• Immunity deals with 
“abnormal self” (cancer)



How are cancer cells different?

Does immunity matter?

https://kristibakerlab.weebly.com/our-research.html


CLINICAL EVIDENCE

• Tumors are often infiltrated with immune effectors

• Solid organ transplant patients on 
immunosuppressive drugs and HIV positive 
individuals have a higher rate of tumors

• Patients with and without cancer have developed 
immune responses to tumor antigens

• Tumors have a loss of immune recognition 
molecules (e.g. MHC)

Presenter
Presentation Notes
There is a tremendous amount of circumstantial evidence that also supports the immunosurveillance hypothesis including……..



Chen and Mellman. Immunity 2013;39:1-10 

Cancer – Immunity Cycle

Presenter
Presentation Notes
The Cancer-Immunity CycleThe generation of immunity to cancer is a cyclic process that can be self propagating, leading to an accumulation of immune-stimulatory factors that in principle should amplify and broaden T cell responses. The cycle is also characterized by inhibitory factors that lead to immune regulatory feedback mechanisms, which can halt the development or limit the immunity. This cycle can be divided into seven major steps, starting with the release of antigens from the cancer cell and ending with the killing of cancer cells. Each step is described above, with the primary cell types involved and the anatomic location of the activity listed. Abbreviations are as follows: APCs, antigen presenting cells; CTLs, cytotoxic T lymphocytes.Or divide into 3 simple phases of 1. Regional Immune Competence (concept of sentinel node), (2) Killer T-cell recruitment (also dependent on the TME), and (3) Killing of tumor cells



1891: Coley’s toxin
IT injection of step



Where did this originate?

Lesterhuis. Nat Rev Drug Disc;2013;10:591 



Treatment by Proxy
• Give the patient a ‘new’ immune system

– Allogeneic stem/marrow transplant
– Adoptive auto-transfer

• LAK, TIL, CAR-T

• Give a component of the immune system that 
would boost the immune response
– IL-2, interferon

• Block checkpoints of immune function
– Anti-CTLA4, anti-PD1

• De novo immunization

Presenter
Presentation Notes
Lymphokine activated killer cells and NK cells can non specifically kill virus infected cells and tumor cells. 



Overall Survival for Metastatic Melanoma

Barth, J Am Coll Surg 1995;181:193
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There had been no significant improvement in overall 
survival for metastatic melanoma in three decades



Luke, JJ. Nat. Rev. Clin. Oncol.;2017:43

Survival in Melanoma: 2018

Wolchok JD et al. N Engl J Med 2017;377:1345-1356.

Presenter
Presentation Notes
Question here is how do we choose the best approach first, second and beyond.  Trials are ongoing to answer that question in the clinic, but will they reveal biomarkers too that can assist us in understanding this better?Figure 3 | Summary of overall survival by Kaplan–Meier analysis across seminal clinical trials in patients with advanced-stage melanoma. The clinical trials that have defined modern clinical care of patients with advanced-stage melanoma are shown with colour-coding to identify each study. The BRF113220, COMBI-d, COMBI-v and CoBRIM trials were performed only in patients with BRAFV600E/K-mutant melanoma. Median and landmark overall survival outcomes have been improved with both BRAF-directed treatment and immunotherapy approaches. n, number of patients treated.



And then there were five

The Economist. June 6, 2015



Atkins M B et al. JCO 1999;17:2105-2105

Overall Survival with HD IL-2

Presenter
Presentation Notes
Kaplan-Meier plot of survival for the whole study population (270 patients).Give more discussion here



Caveats with IL-2 Therapy
• Highly toxic therapy

– Capillary leak syndrome
– Toxic to virtually every organ system
– Needs to be administered in specialized 

centers in an ICU-like setting with continuous 
cardiac monitoring

– Pre-requisites
• Nuclear stress test
• PFT
• Brain imaging



Antibodies to
CTLA-4

Antibodies binds 
to CTLA-4 on the 

cell surface CTLA-4 cannot bind B7

Slide courtesy: Michael Wong, MD, PhD 

Presenter
Presentation Notes
Antigen + MHC; Co-stimulatory (B7.1, B7.2)			     Immune SignalT-cell activation                                           Up-regulation of CTLA-4(-) TCR, IL-2 gene transcription, T-cell activation



Clinical Case Study

May 2013 Dec 2013



Can Cure be a Reality in Metastatic 
Disease?

• N=4846
– 1861 (on clinical trials)
– 2985 (off protocol use)

• Median OS = 9.5 months (11.4m in 1861 pts)
• 3-year survival 22%
• No patient who survived beyond 7 years had died       

– (7-year survival = 17%)

• Longest OS survival is 9.9 years
YES

Schadendorf D.  J Clin Oncol 2015, 33:1889

Presenter
Presentation Notes
Pooled analysis; cannot compare dose levels or # doses, or use of maintenance therapy.  Above regardless of prior therapy.



Pooled Analysis: OS

Schadendorf D.  J Clin Oncol 2015, 33:1889

Presenter
Presentation Notes
Primary analysis of pooled overall survival (OS) data. Individual patient data were pooled from 10 prospective trials and two retrospective, observational studies of ipilimumab in metastatic melanoma (n = 1,861). Median OS was 11.4 months (95% CI, 10.7 to 12.1 months) with a 3-year survival rate of 22% (95% CI, 20% to 24%). Crosses indicate censored patients.



Wolchok JD et al. Clin Cancer Res 2009;15:7412-7420

©2009 by American Association for Cancer Research

Patterns of response to ipilimumab

Presenter
Presentation Notes
Patterns of response to ipilimumab observed in advanced melanoma. Shown are the four response patterns observed in advanced melanoma patients treated with ipilimumab at 10 mg/kg in the CA184-008 and CA184-022 studies. A, response in baseline lesions; B, “stable disease” with slow, steady decline in total tumor volume; C, response after initial increase in total tumor volume; D, reduction in total tumor burden after the appearance of new lesions. SPD, sum of the product of perpendicular diameters. N, tumor burden of new lesions (C and D). D, top line, total tumor burden; middle line, tumor burden of baseline lesions; bottom line, tumor burden of new lesions. Triangles, ipilimumab dosing time points; dashed lines, thresholds for response or PD/irPD.



The PD-1 Pathway

Ohaegbulam KC, et al. Trends Mol Med. 2015;21:24-33. 

Presenter
Presentation Notes
mAb indicates monoclonal antibody; MHC, major histocompatibility complex; TCR, T-cell receptor; Treg, regulatory T cell.+ on T cell, B cells, macrophagesPDL1 on tumor cells, stromal cells, and APC



Nivolumab and Pembrolizumab

Robert C et al. N Engl J Med 2015;372:320-330.
Weber J et al. Lancet Oncol 2015; 16:375-384

Hamid O et al. N Engl J Med 2013;369:134-144.
Robert C et al. N Engl J Med 2015;372:2521-2532.

Presenter
Presentation Notes
Figure 1. Survival End Points. Panel A shows the Kaplan–Meier curves for overall survival. The median follow-up for overall survival was 8.9 months in the nivolumab group and 6.8 months in the dacarbazine group. Panel B shows the Kaplan–Meier curves for progression-free survival.Talk about Nivo in 2nd line and beyond here – Weber manuscript



Combining nivolumab and ipilimumab is  
much more toxic than nivolumab alone

More Grade 3 or 4 AEs (69% vs 44%)
Six times as many Grade 3 or 4 AEs leading to treatment discontinuation (30% 
vs 5%)

Larkin et al, N Engl J Med 2015;373:23



Approved PD-1, PD-L1 Antibodies 

Nivolumab Pembro Atezo Durvalumab Avelumab

NSCLC, 
SCLC, 

Melanoma, 
HCC, RCC, 

HNSCC, 
Urothelial, 
Hodgkin’s,

MSI-H cancer 

Melanoma, 
NSCLC, 
HNSCC, 

Hodgkin’s, 
PMBCL, 
Gastric, 
Cervical, 

Urothelial, 
MSI-H cancer    

NSCLC, 
Bladder

NSCLC, 
Urothelial

MCC



T-Cell Targets: A Balancing Act

Mellman I, et al. Nature. 2011;480:480–489. 



Harris et al. Cancer Biol and Med 2016;13:171

Future Combinations



But a sobering phase 3 result…

Long et al. ASCO Abstracts # 108



Adoptive Cell Transfer (TIL)

Srosenberg and Restifo. Science 2015;348:62-68

Presenter
Presentation Notes
General schema for using the adoptive cell transfer of naturally occurring autologous TILs. The resected melanoma specimen is digested into a single-cell suspension or divided into multiple tumor fragments that are individually grown in IL-2. Lymphocytes overgrow, destroy tumors within 2 to 3 weeks, and generate pure cultures of lymphocytes that can be tested for reactivity in coculture assays. Individual cultures are then rapidly expanded in the presence of excess irradiated feeder lymphocytes, OKT3, and IL-2. By approximately 5 to 6 weeks after resecting the tumor, up to 1011 lymphocytes can be obtained for infusion into patients. 



Dudley et al.  J Clin Oncol. 2005;23:2346-57

Presenter
Presentation Notes
RR 51% (18 pts; 3 with CR, 15 with PR); NCI report in 35 pts with refractory melanoma (all but one) using non-myeloablative regimens; median duration of response 11.5 monthsLymphodepletion and adoptive cell transfer–induced regression of metastatic disease in diverse anatomic sites. (A) Axillary, pelvic and intraperitoneal metastases (patient 1); (B) extensive liver disease (patient 31); (C) brain and recurrent axillary metastases (patient 28); (D) multiple lung and pelvic metastases (patient 6); (E) lung and subcutaneous disease (patient 21). Pre, pretreatment.



Brudno, J. N. & Kochenderfer, J. N. (2017). Nat. Rev. Clin. Oncol.

Chimeric Antigen Receptor 
Structures

Presenter
Presentation Notes
Figure 1 | Chimeric antigen receptor (CAR) structures. a | The diagram shows the schematic domain structure of a second-generation CAR: a single-chain variable region (scFv) of an antibody, which provides target specificity; hinge and transmembrane regions; a co-stimulatory domain; and a T‑cell-activation domain. b | The evolution of CAR designs. In contrast to second-generation CARs, first-generation CARs lack a co-stimulatory domain. In all of the second-generation CARs tested in lymphoma clinical trials to date, the co‑stimulatory domain has been derived from either CD28 or 4‑1BB, which are co‑stimulatory receptors expressed on the surface of T cells. Third-generation CARs incorporate two co‑stimulatory domains, derived from different co‑stimulatory proteins, such as CD28 and 4‑1BB.



Neelapu SS et al. N Engl J Med 2017;377:2531-2544.

ZUMA Trial in NHL

Presenter
Presentation Notes
Figure 2. Kaplan–Meier Estimates of the Duration of Response, Progression-free Survival, and Overall Survival. Panel A shows the duration of response, according to investigator assessment, in the 89 study patients who had an objective response, including those with a complete response and those with a partial response. Patients who had a complete response had a longer duration of response than those with an objective or partial response. According to independent central review, the median duration of response was 8.1 months (range, 3.5 to could not be estimated [NE]). Panel B shows the rate of progression-free survival, and Panel C the rate of overall survival in the 108 patients who were treated in the phase 1 and phase 2 studies. Tick marks indicate the time of data censoring at the last follow-up. NR denotes not reached.



Jennifer N. Brudno, and James N. Kochenderfer. 
Blood 2016;127:3321-3330

CRS Toxicity

Presenter
Presentation Notes
CRS toxicities by organ system. After infusion of CAR T cells, CRS toxicities affecting a wide variety of organs can occur. Professional illustration by Patrick Lane, ScEYEnce Studios.



Improving CAR-T Therapy

Brudno, J. N. & Kochenderfer, J. N. (2017). Nat. Rev. Clin. Oncol.

Presenter
Presentation Notes
Figure 2 | Different approaches to improving chimeric antigen receptor (CAR)‑T‑cell therapies. Strategies aimed at improving the safety and effectiveness of CAR‑T‑cell therapies are focused on multiple steps in the overall process of manufacturing and administering these treatments. Modifications of all aspects of CAR design are being pursued, in order to reduce antigenicity or improve signalling capacity. Incorporation of additional genes into the expression vector construct, such as genes encoding chemoattractants or ‘suicide genes’, might enhance CAR‑T‑cell activity or enable greater control of toxicities. Changes to cell-culture methods can also be used to generate CAR‑T‑cell products with cellular phenotypes associated with enhanced antitumour immune responses. With regard to administration of treatment, optimization of conditioning regimens will improve patient outcomes. Furthermore, the addition of post-infusion pharmacological agents, such as immune-checkpoint inhibitors, stimulatory cytokines, or inhibitors of B‑cell signalling, might enhance the activity of, or synergize with, CAR T cells to improve the effectiveness of therapy.



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjGmZL0h9nZAhWPxVkKHYGBAOYQjRx6BAgAEAU&url=https://www.salon.com/2017/04/23/what-you-do-not-know-about-the-holy-grail/&psig=AOvVaw1IjG1BFYH3kTiWGmnSEmsH&ust=1520472558198494


The Truth

“Not everything that matters can be 
measured, and not everything that is 

measured matters”

Albert Einstein



1207 Patients, 4 Regimens:
Same Result

Schiller et al. N Engl J Med 2002;346:92 

We now know better –
EGFR, ALK, ROS-1, BRAF

Presenter
Presentation Notes
RR 19%, OS 7.9m



The Need for Biomarkers

• Response to IO is not universal
– Melanoma (40%), NSCLC (20%), RCC (22%)

• Adverse events to IO can range from mild 
to severe, yet do not necessarily correlate 
with response

• High drug costs
Giving an (expensive) IO drug to a patient who 
develops severe toxicity, and fails to respond –

failure on all fronts

Presenter
Presentation Notes
If we gave an expensive IO drug to a patient who developed significant toxity



IO Biomarkers
• Blood based (Static and Dynamic)

– Cell count
– LDH
– Neutrophil to Lymphocyte Ratio
– Immunoprofile (Flow Cytometry)

• Histology (eg, Desmoplastic melanoma)
• Tissue IHC
• Mutational Burden
• Gene Expression
• Gut Microbiome
• And …….. many yet undefined

Presenter
Presentation Notes
Not all inclusive and keeps expanding as we learn more.Discuss repeated biopsies – early biopsies – akin to BM biopsies in AML.  May become a necessity.Current limitations – assay issues?  Lack of standardization?Or true lack of biological corelation?



Phenotype and Prognosis

• Model using LDH (<2.5), Relative Eosinophil 
Count (>1.5%), Relative Lymphocyte Count 
(>17.5%), and Location of Metastases (Soft 
tissue/lung)

• n-=616 (discovery, confirmation, validation)
• Results: 

– 4/4: 84% 1-yr survival, RR 58%
– 0/4: 15% 1-yr survival, RR 3%

Weide et al. Clin Cancer Res. 2016;22:5487

Presenter
Presentation Notes
Pembrolizumab studies



IO and Cutaneous irAEs

Sanlorenzo et al. JAMA Dermat. 2015;151:1206

Presenter
Presentation Notes
Single institution; 83 pts receiving pembrolizumab on clinical trials; melanoma, lung, prostate, MCC42% developed cutaneous Aes; 8% hypopigmentationPts with cuAEs had significantly longer PFS compared to those without.Of the 7 with vitiligo, only one progressedCross reactive antigens gp100, MART, tyrosinase between melanocytes and melanoma may be responsibleSimilar findings by other groups (Moffitt – Nivo + vaccine or Nivo alone), plus experience with high dose IL-2 (NCI report by Phan et al).BUT this occurs AFTER drug administration – median time to development of vitiligo iwas 8 cycles (16-24 weeks); akin to being thrown into water to determine if one can swim!Cutaneous Adverse Events During Treatment With PembrolizumabA, Macular papular eruption involving the dorsal surfaces of both hands. B, Macular papular eruption involving the palmar surface of both hands. C, Spontaneous hypopigmentation (vitiligo) on and around lips. D, Scaly macular papular eruption on the lower back with some hypopigmented postinflammatory regions.




PD-L1 Expression

• IHC on archival tissue
• Variable definitions of positive results

– 1%, 5%, 50%, Any
– Tumor, TIL, both

• PD-L1 negative tumors also respond
• Level of expression may vary on treatment

Presenter
Presentation Notes
Pitfalls – not a static biomarker.  Levels may change over time and with Rx.Whether PD-L1 expression on tumor cells or on TIL??  Does it matter?



PD-L1 Expression in Different Cancers

Topalian et al. Nat Reviews Cancer. 2016;16:275

Presenter
Presentation Notes
In all panels, brown staining indicates programmed cell death 1 ligand 1 (PDL1) protein expression, detected with immunohistochemistry. Upper left panel: a melanoma specimen shows broad PDL1 expression on all malignant cells, independent of an immune infiltrate. This pattern, seen in approximately 1% of melanocytic lesions, suggests oncogene-driven constitutive PDL1 expression. Upper right panel: a squamous cell carcinoma of the head and neck (SCCHN) shows broad areas of low-level PDL1 expression on tumour cells (blue star), with heightened expression at the boundary of tumour nests (red star) with immune infiltrates (black stars); these features suggest a combination of oncogene-driven PDL1 expression and adaptive immune resistance. Lower left panel: a breast carcinoma shows PDL1 expression on malignant cells (blue star) confined to areas immediately adjacent to immune cells (T cells and associated macrophages, black star), many of which also express PDL1. This pattern is seen in approximately 20% of breast cancers. Lower right panel: a gastric carcinoma shows PDL1 expression on infiltrating immune cells (black stars) immediately adjacent to tumour cells, but not on the surface of tumour cells themselves (blue stars). A similar pattern of PDL1 expression has also been described in colorectal cancers. Distinct patterns of PDL1 expression may be observed not only in different tumour types, but also in individual cases within the same tumour type. Scale bar, approximately 50 μm.



PD-L1 Expression

Daud et al. J Clin Oncol. 2016;34:4102-09

Presenter
Presentation Notes
KEYNOTE 001 study – 3 different doses of PEMRO.  N=655.  Of which 451 had evaluable tissue for PDL1 IHC; 344 were positive (76%)An association between higher MEL score and higher response rate and longer PFS (hazard ratio, 0.76; 95% CI, 0.71 to 0.82) and OS (hazard ratio, 0.76; 95% CI, 0.69 to 0.83) was observed ( P < .001 for each). Objective response rate was 8%, 12%, 22%, 43%, 57%, and 53% for MEL 0, 1, 2, 3, 4, and 5, respectively. Conclusion PD-L1 expression in pretreatment tumor biopsy samples was correlated with response rate, PFS, and OS; however, patients with PD-L1-negative tumors may also achieve durable responses.



PD-L1 Expression and Response

Sunshine J et al. Curr Opin Pharmacol. 2015;23:32

Presenter
Presentation Notes
Numerous studies in multiple tumor types have demonstrated the constant finding that PD- L1 expression enriches for response to anti-PD-1/PD-L1. The weighted average of the ORR across reported studies for patients whose tumors were tested for PD-L1 is 29% (blue dotted line), and if the specimen is PD-L1 (+), this increases to 48% (red dotted line). A significant proportion of PD-L1(−) patients also respond (green line). 



Key Takeaway

Tumoral PD-L1 status cannot be used as a 
stand-alone biomarker of response to anti-

PD1 therapy 



Mutational Load

• The number of mutations per coding area 
of the tumor genome
– Low in pediatric tumors, low grade tumors
– High in tumors associated with DNA damage

• Smokers with NSCLC have a higher response to 
IO therapy compared to non-smokers with NSCLC 

– Encode for neoantigens that may drive 
enhanced T-cell response 

Presenter
Presentation Notes
Low in pancreas/prostate cancer; high in melanoma, SCC, NSCLC



Mutation Frequency in Tumors

Pickering CR, et al. Clin Cancer Res. 2014;20:6582-6592.

Presenter
Presentation Notes
Mutation frequency and types in cSCC. A, mutation frequency in cSCC compared with other tumor types. Median value is shown and indicated by the horizontal line. Non-cSCC samples are TCGA data from Lawrence et al. (24). B, mutation types in cSCC compared with other tumor types. Mutation type frequencies were calculated for each sample and then averaged across the cohort to eliminate bias from highly mutated samples. HNSCC and LUSC are TCGA data from Kandoth et al. (20) Melanoma data are from Hodis et al. (14). C, mutation types by patient.



TMB and Response to Anti-PD-1/PD-L1 
Therapy

Yarchoan M et al. N Engl J Med. 2017;377:2500-2501.

Presenter
Presentation Notes
. Correlation between Tumor Mutational Burden and Objective Response Rate with Anti–PD-1 or Anti–PD-L1 Therapy in 27 Tumor Types. Shown is the median number of coding somatic mutations per megabase (MB) of DNA in 27 tumor types or subtypes among patients who received inhibitors of programmed death 1 (PD-1) protein or its ligand (PD-L1), as described in published studies for which data regarding the objective response rate are available. The number of patients who were evaluated for the objective response rate is shown for each tumor type (size of the circle), along with the number of tumor samples that were analyzed to calculate the tumor mutational burden (degree of shading of the circle). Data on the x axis are shown on a logarithmic scale. MMRd indicates mismatch repair-deficient; MMRp, mismatch repair-proficient; TMB, tumor mutational burden.





Migden MR et al. N Engl J Med 2018;379:341-351

Cemiplimab in CSCC

Presenter
Presentation Notes
Figure 2 Tumor Response to Cemiplimab among Patients in the Phase 2 Study Who Had Metastatic Cutaneous Squamous-Cell Carcinoma. Panel A shows the best percentage change from baseline in the sum of the diameters of the target lesions for each of the 45 patients in the metastatic-disease cohort of the phase 2 study who underwent imaging studies after the initiation of therapy, as well as the best response for each patient. The results of imaging studies were assessed by independent central review. Target lesions were lesions that could be measured according to Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1; patients could have up to two target lesions per organ and five total target lesions. Nontarget lesions were lesions that could not be measured according to RECIST, version 1.1; patients with nontarget lesions only were considered to have a noncomplete response or nonprogressive disease, unless there was disappearance of all lesions or unequivocal progression. Measurements that were obtained after disease progression were excluded. A partial response was defined as a decrease in the sum of the target-lesion diameters of at least 30%, and progressive disease was defined as an increase in the sum of the target-lesion diameters of at least 20%. Three patients who had a decrease in the sum of the target-lesion diameters of at least 30% were classified as having progressive disease (red bars below baseline) because they had a new lesion or progression of a nontarget lesion. One patient had stable disease according to RECIST, version 1.1, but could not be evaluated overall (yellow bar) because the digital medical photographs could not be evaluated. The graph does not show data for the following patients (although they were included in the primary analysis): 3 patients who had new lesions or progression of nontarget lesions but had target lesions that could not be evaluated after the initiation of therapy, 1 patient who had a complete response but had nontarget lesions only at baseline, 4 patients who had nontarget lesions only, and 6 patients who had a target lesion that could not be evaluated after the initiation of therapy. Panel B shows the time to response and the duration of response for the 28 patients in the metastatic-disease cohort of the phase 2 study who had a response. Of the 28 patients, 23 continued to have a response at the time of data cutoff, 3 had progressive disease, 1 had surgical removal of the responsive target lesion and thus had censored data after surgery (top line), and 1 had a confirmed complete response but had censored data after being lost to follow-up (second line from the top). One of the 23 patients who continued to have a response (14th line from top) had nontarget lesions only and was deemed by independent central review to have a complete response after the lesions disappeared.



PD-1, PD-L1 & MSI-H

First tumor agnostic biomarker driven drug 
approval on May 23, 2017

Lemery et al. N Engl J Med 2017;377:1409

Presenter
Presentation Notes
Pembro for adult and pediatric , unresectable MSI-H or MMR deficient solid tumors – great example of regulatory agency approval without a mandate for development in individual tumors.  Only exception was in CRC with # of prior therapies required.MSI-H tumors have high mutational burden, increased lymphocyte infiltrate and high neoantigen load.  Plus immune checkpoints (PD1, PDL1) may be upregulated in MSI-H tumors.Incidence 30% endometrial, 20% gastric/colon 



Le DT et al. N Engl J Med 2015;372:2509-2520.

Clinical Benefit of Pembrolizumab Treatment 
According to Mismatch-Repair Status

Presenter
Presentation Notes
Total n=41; of which 32 with CRC (MSH-H and MSI-S); RR 40% in MSI-H CRC, 0% in MSI-S CRC, 70% in MSI-H non-CRCFigure 2. Clinical Benefit of Pembrolizumab Treatment According to Mismatch-Repair Status. Kaplan–Meier curves are shown for progression-free survival in the cohorts with colorectal cancer (Panel A), overall survival in the cohorts with colorectal cancer (Panel B), progression-free survival among patients with mismatch repair–deficient noncolorectal cancers (Panel C), and overall survival among patients with mismatch repair–deficient noncolorectal cancers (Panel D). In both cohorts with mismatch repair–deficient tumors, median overall survival was not reached. Patients in the cohort with mismatch repair–proficient cancers had a median progression-free survival of 2.2 months (95% CI, 1.4 to 2.8) and a median overall survival of 5.0 months (95% CI, 3.0 to not estimable). Patients with mismatch repair–deficient noncolorectal cancers had a median progression-free survival of 5.4 months (95% CI, 3 to not estimable).



Unconventional, yet groundbreaking

• Biomarker-based approval
• High unmet need
• High response rate (40%)
• Established safety profile
• Extended to pediatric solid tumors
• No companion diagnostic to identify MSH-

H or dMMR cancers

Presenter
Presentation Notes
N=149 (90 were CRC; plus 14 other types (commonest here with endometrial, biliary, gastric).  Even MSH-H pancreas cancer responded…



Carbone DP et al. N Engl J Med 2017;376:2415-2426.

Mutational Burden and Survival in NSCLC

Presenter
Presentation Notes
Figure 2. Exploratory Subgroup Analyses of Progression-free Survival and Overall Survival. Panel A shows the subgroup analysis of progression-free survival involving all the patients who underwent randomization, and Panel B the subgroup analysis of overall survival. PD-L1 denotes programmed death ligand 1. The Eastern Cooperative Oncology Group (ECOG) performance-status score is assessed on a 5-point scale, with higher numbers indicating greater disability. Panel C shows the analysis of progression-free survival among patients who could be evaluated for tumor-mutation burden and who had a high burden. NR denotes not reached. Panel D shows the analysis of progression-free survival among patients who could be evaluated for tumor-mutation burden and who had a low or medium burden. The data for patients with a low or medium tumor-mutation burden were pooled.



Key Takeaway

High mutational burden in a tumor may be 
predictive of response to anti-PD1 therapy 

Presenter
Presentation Notes
Dec 2017 – Foundation One test approved



More than a ‘gut’ feeling…

… He cautioned that the study findings are a "first step," but also a "very intriguing" 
one.
Khushalani said the findings raise the possibility of testing patients' stool samples to 
see who has a greater likelihood of responding to PD-1 therapy. "That could help us 
in truly tailoring treatment," he suggested.
Then there's the possibility of actually altering patients' microbiomes -- whether 
through probiotics or even fecal transplants, Khushalani added.

Presenter
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In responders – higher Ruminococcacea family of bacteria in the gut.Mouse transplant experiments



More than just one biomarker…

Topalian et al. Nat Reviews Cancer. 2016;16:275

Presenter
Presentation Notes
Tumour mutational load, the intensity of intratumoural CD8+ T cell infiltrates and tumour programmed cell death ligand 1 (PDL1) expression have each been proposed as distinct biomarkers of response to anti-programmed cell death protein 1 (PD1)–PDL1 therapies. However, these factors are functionally interrelated and are often found coordinately in individual tumour specimens. Multifactorial biomarker panels incorporating these and other variables may provide stronger predictive value than individual markers for therapeutic outcomes.



Blank et al. Science 2016;352:658-660

Cancer Immunogram

Presenter
Presentation Notes
The cancer immunogram. The radar plot depicts the seven parameters that characterize aspects of cancer-immune interactions for which biomarkers have been identified or are plausible. Potential biomarkers for the different parameters are shown in italics. Desirable states are located in blue; progressively undesirable states are shown in the red gradient. The black line connecting the data values for each parameter represents a plot for a single hypothetical patient. In the case shown, it may be argued that single-agent PD-1 blockade, rather than combined PD-1 and CTLA-4 blockade, could be a first treatment of choice. For details on this case and other hypothetical patient cases, see (2).



The Ideal IO Patient

Low disease burden with normal LDH, high 
eosinophils and lymphocytes, low NLR, with

high mutational burden tumor with TIL 
present and an inflamed molecular signature 

and without an IPRES signature, with low 
Tregs and MDSCs, with good bacteria in the 
gut, who does not mind developing vitiligo, 

plus has good health care coverage  



Summary
• 2010 - 2018

– True renaissance with immunotherapy in oncology

• Immunotherapy is potentially curative, yet not all 
will benefit

• Biomarker discovery and validation is paramount 
to realize the goal of ‘precision medicine’
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