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* Immune therapies have revolutionized the treatment of cancer
* With spectacular benefit to some patients, but.....

* Not all patients respond
* Different combination therapies are being evaluated in multiple clinical studies

 Many biomarker approaches are being investigated
* To identify patients who do well on mono-immunotherapies
* To identify patients who require additional treatment beyond monotherapy
* To identify patients likely to experience adverse events ...

Here we show how to use highly multiplexed protein expression
measurements in combination with modern machine learning techniques
to address these challenges. In this presentation we focus on identifying
patients where mono-immunotherapy may be insufficient.
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* The circulating proteome is derived from tumor, tumor microenvironment, and normal host tissues?
* The circulating proteome changes during tumor development and as a result of treatment

* Circulating proteins have direct regulatory effects on the immune system

Biological functions of classical plasma proteins3 Dynamic range of circulating proteins?
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I m po rta nt I m m u n e re I ated fu n Ctl O n S' Proteome. Molecular and Cellular Proteomics (2002); 1:845-867. © the American Society for Biochemistry and Molecular Biology. 3Gautam P, Nair SC,
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High throughput, reproducible,
validated, multiplexed measurements

* No fractionation: avoids bias and does not
limit measurement
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* Practical considerations
* Small amounts of serum < 2yl
e Serum cards for easy logistics in clinical practice
e QC control through reference samples per batch
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Samples + Data = Unbiased Tests 2 Biology

Protein expression data

(NO feature selection) ]
— Prognosis
Test algorithm
o o Assigns “Label” to a
Machine learning sample, e.g. Early/Late Treatment
Uses hierarchical (“deep”) network combined progression ) selection
with ensemble learning and regularization
techniques to deal with
The p>>N problem Treatment
N Overfitting Biology monitoring
Clinical data Tuning to clinical questions correlates
Set enrichment analysis
for proteins can identify
relevant signaling Drug targets
pathways

Guesses on training
labels
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Across different immune therapies in melanoma

CP test in Anti-PD1 (N=119) CP test in anti-CTLA4 (N=48) HD-IL2 (N=114)
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Two separate tests developed for checkpoint efficacy (CP) and HD-IL2 benefit identify a group of
patients that may obtain little long term benefit from anti-PD1, anti-CTLA4, and HD-IL2 treatment.
* Test classifications are independent predictors of outcomes when adjusted for other markers, such as LDH and PD-
L1 expression

The pre-treatment circulating proteome contains information that can predict durable benefit from
immunotherapies.
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Anti-PD1 £ Anti-CTLA4 | Melanoma

Can we identify the patients who will benefit from combination therapy?
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If validated in randomized data this suggests that the resistant group of patients
derives most benefit from the addition of anti-CTLA4 to anti-PD1.




S |TC 2 D 1 7 November 8-12 « NATIONAL HARBOR, MD

Development (nivolumab) * (N=98) Validation (nivolumab)! (N=32) Evaluation (chemotherapy) (N=68)
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A test developed for anti-PD1 benefit in NSCLC identifies a group of
|oatients not obtaining much long term benefit from nivolumab in 2"
ine NSCLC, and is likely predictive for nivolumab vs. docetaxel.

1S. Goldberg et al, SITC2017, P30
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What Characterizes Patients with Resistance?

Association of sensitive and resistant groups with biological processes

Checkpoint X .
Both anti-PD1 and HD-IL2 resistant
NS p<0.01 : :
= - groups of patients are characterized by
NS NS elevated levels of complement, acute
NS NS o
NS NS phase reactants, and wound healing.
NS NS
NS NS
NS NS Independent confirmation by orthogonal
p<0.05 p<0.01 experimental techniques
= = » Combined blockade of complement
NS NS
p <0.01 p <0.05 signaling and anti-PD-1 can enhance anti-
interferon | NS NS PD-1 efficacy; Y. Wang et al, Cancer
NS NS Discovery 6 (9) :1022-35 June 2017
NS NS - : e
= e > A transcriptional signature (IPRES) identified
NS NS related to innate anti-PD-1 resistance;
p<0.01 p<0.01 wound healing is one of the pathways; W.
NS Ns Hugo et al, Cell 168 (3), 542, 2017
NS NS
NS: Not significant
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The state of host immunity is reflected
in the plasma proteome.

1Cogdill et al. Hallmarks of response to immune checkpoint
blockade. British Journal of Cancer (2017) 117, 1-7.
doi:10.1038/bjc.2017.136
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Response and resistance to
immunotherapy is defined by
Q Systemic host immunity

O Environmental factors
L Tumor characteristics
L Tumor microenvironment
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* The pre-treatment circulating proteome can help to identify a group of
patients that derives little durable benefit from immunotherapies

 Across tumor types and therapies

. TheseI patients have elevated acute phase, complement and wound healing
signaling

* New treatment options for this group of patients are needed

* This test development platform can be used to develop tests for
* Prognosis
* Patient selection
* Treatment monitoring
* Drug target discovery
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And many thanks to all patients, their families, and our collaborators

* J. Weber, A. Martinez, H. Roder, et al. Pre-treatment patient selection for nivolumab benefit based on serum mass spectra, J
Immunother Cancer 2015; 3(Suppl 2):P103.

* J. Weber, H. Roder, S. Asmellash, A mass spectrometry-based serum test to predict outcome of treatment with nivolumab: Analysis
of samples taken during therapy, Abstract #4891. AACR Annual Meeting 2016.

* H. Roder, Bridging the gap: From hypothesis-independent tests to understanding of biological mechanisms, Oral Presentation. 6%
International Conference on Bioinformatics and Systems Biology. 2016.

* J. Weber, H Kluger, R Halaban, et al., A test identifying advanced melanoma patients with long survival with nivolumab shows
potential for selecting patients who benefit from combination checkpoint blockade, ) Immunother Cancer 2016; 4(Suppl 1):P107.

e R.Sullivan, Y. Hishida, T. Logan, et al., High Dose Interleukin 2 (HD IL-2) Select Trial in Melanoma: A tissue and blood collection
%ol%xg(lsto idleg)tlflgl%rgdictive biomarkers of response to HD IL-2 in patients with advanced melanoma, J. Immunother Cancer
; 4louppl 1) .

* R.Sullivan, T. Logan, N. Khushalani, et al., Application of a test developed for ﬁrediction of response to high dose interleukin 2 (HD
IL-2) and the BDX008 test for prediction of outcomes following checkpoint inhibitors to cohorts of patients treated with HD IL-2 or
nivolumab, J. Immunother Cancer 2016; 4(Suppl 2).

J. Weber, Proteomic test identifies sensitivity and resistance to immunotherapy in cancer patients. Oral presentation. ITOC4 2017.



