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• This series is sponsored by 
the Personalized Healthcare 
Committee (PHC) 

• Today’s webinar host is 
Jinjuan Yao, MD, PhD, FCAP
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Housekeeping

• This presentation will be recorded. The recording and PDF will go 
out to all registrants in one week

• All lines are muted during the presentation

• Please send in your questions as you think of them via the 
“Question Box” in your control panel

33 November 2021
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Eric Walk MD, FCAP
• Graduate of Johns Hopkins University and holds a 

MD degree from the University of Virginia School 
of Medicine.

• Board certified in Anatomic and Clinical Pathology 
and is a Fellow of the College of American 
Pathologists (CAP). He currently is a member of 
the CAP Personalized Healthcare Committee.

• Chief Medical Officer at PathAI in Boston, MA and 
head of the medical group, overseeing Medical 
Affairs, Regulatory Affairs, and Clinical Affairs. He 
has over 20 years of experience in precision 
medicine, oncology drug development and IVD 
companion diagnostics development.
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Disclaimer

• The CAP does not permit reproduction of any substantial portion of the material in this 
Webinar without its written authorization. The CAP hereby authorizes attendees of the 
CAP Webinar to use the PDF presentation solely for educational purposes within their 
own institutions. The CAP prohibits use of the material in the Webinar – and any 
unauthorized use of the CAP’s name or logo – in connection with promotional efforts 
by marketers of laboratory equipment, reagents, materials, or services. 

• Opinions expressed by the speaker are the speaker’s own and do not necessarily 
reflect an endorsement by the CAP of any organizations, equipment, reagents, 
materials, or services used by participating laboratories.  

53 November 2021
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Disclosures

• I am a full-time employee and equity owner of PathAI

• I am a shareholder of Roche
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Learning Objectives

1. Awareness of the latest cancer immunotherapy clinical data including 
FDA approvals/changes and combination therapy data.

2. Familiarity with current cancer immunotherapy biomarkers such as PD-
L1, MMR/MSI and TMB, as well as emerging biomarkers and technologies 
such as the microbiome and machine learning.

3. Awareness of future cancer immunotherapy targets/compounds such as 
anti-TIGIT and anti-LAG3 including the latest clinical data and the 
predictive biomarkers being explored.

73 November 2021
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Cancer Immunotherapy
A revolution in-progress
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9

Before Ipilimumab
04/22/11

After Ipilimumab
08/05/11

Case by Antoni Ribas, MD, PhD.

Metastatic Melanoma Response to Ipilimumab

http://www.slideshare.net/roblyngold/community-oncology-clinical-debates-advanced-melanoma

3 November 2021
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Screening
Week 12: Swelling and 

Progression Week 12: Improved

Week 16: Continued 
Improvement

Week 72: Complete 
Remission

Week 108: Complete 
Remission

Images courtesy of Jedd D. Wolchok, MD.

Unique Kinetics of Response in Patients Treated With Ipilimumab

http://www.slideshare.net/roblyngold/community-oncology-clinical-debates-advanced-melanoma 103 November 2021
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Cancer Immunotherapy Patient: Jeff and His Wife Linda
Diffuse large B-cell lymphoma treated with CAR-T therapy

Jeff’s Journey

• 2012: dx w/ stage 4 DLBCL

• Tx: R-CHOP

• 2018: recurrence

• Tx: Kymriah CAR-T

• Complete metabolic response 
(FDG PET) in 5 days

• No detectable CD19 cells

3 November 2021 11
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Ipilimumab Long-term Outcome Data in Metastatic Melanoma
Durable overall survival benefit @ 10 years is unprecedented

12

Schadendorf et al. JCO 2015

20% survival 
@ 10 years. 

Cure?

3 November 2021
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Cancer Immunotherapy Long-term Outcome Data
Nivolumab + Ipilimumab 6.5-year outcome data in 1L advanced melanoma
Pembrolizumab vs chemo 5-year outcome data in 1L NSCLC

13
Reck et al JCO 2021

Wolchok. ASCO 2021. Abstr 9506

Phase III KEYNOTE-024

66% crossover rate chemo -> anti-PD-1

3 November 2021
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The Cancer Immunity Cycle
Cytotoxic T-cell killing of cancer cells as the final common pathway

Cambridge University – “Under the Microscope”

CD8+ cytotoxic T-cell (green) killing a cancer cell (purple/blue)

Chen DS, Mellman I. Immunity. 2013
3 November 2021 14
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Regulation of T-cell Activation via ‘Checkpoints’
Balancing activating and inhibitory signals

Pardoll. Nat Rev Cancer 2012

Inhibitory interactions
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Cancer Immunotherapy Clinical Activity
Broad clinical activity across multiple cancer types

16Walk et. al Arch Pathol Lab Med-Vol 144, June 2020 3 November 2021
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Adjuvant Immune Oncology Approvals Bring Survival 
Benefits to Earlier Stages of Disease

17

Therapy Indication Line of 
therapy

Trial result FDA 
approval

CDx

Tecentriq
(atezolizumab)

NSCLC stage II-IIIA Adjuvant HR=0.66 DFS in PD-L1≥1% 
(IMpower010 Ph3)

10/15/21 PD-L1 
(SP263) IHC

Opdivo
(nivolumab)

Urothelial ca 
resected high-risk

Adjuvant HR=0.7 DFS (CheckMate-
274 Ph3)

8/20/21 None

KEYTRUDA 
(pembrolizumab) 
+ CT

Triple-negative 
breast cancer

Neo-adjuvant 
& adjuvant

HR=0.63 EFS
pCR 63% vs. 56%
(KEYNOTE-522 Ph3)

7/26/21 None

Opdivo
(nivolumab)

Esophageal/GEJ 
cancer, resected

Adjuvant HR=0.69 DFS (CheckMate-
577 Ph3)

5/20/21 None

KEYTRUDA 
(pembrolizumab) 

Melanoma Adjuvant HR=0.57 RFS (KEYNOTE-
054 Ph3)

2/15/19 None

Opdivo
(nivolumab)

Melanoma w/LN 
involvement

Adjuvant HR=0.65 RFS (CheckMate-
238 Ph3)

12/20/17 None

October 15th, 2021

www.fda.gov/drugs/resources-information-approved-drugs 3 November 2021
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Recent IO Accelerated Approval Withdrawals
Based on failure of confirmatory studies

https://www.evaluate.com/vantage/articles/news/policy-and-regulation/us-fda-gets-tough

US indication 
withdrawn 
8/27/21

“We are committed to ensuring the integrity of the accelerated 
approval program, which is designed to bring safe and effective 
drugs to patients with unmet medical needs as quickly as 
possible. The program allows the FDA to approve a drug or biologic 
product intended to treat a serious or life-threatening condition based 
on an outcome that can be measured earlier than survival that 
demonstrates a meaningful advantage over available therapies.
However, when confirmatory trials do not confirm clinical benefit, 
a reevaluation must be performed to determine if the approval 
should be withdrawn.

March 11, 2021

https://www.fda.gov/news-events/fda-brief/fda-brief-fda-oncologic-drugs-advisory-committee-review-
status-six-indications-granted-accelerated
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N= 42 44 34 94 30 53 113 129 64 55 411

Response rates

Unselected 21% 32% 29% 22% 23% 23% 40% 19% 26% 18% 40%

PD-L1 + 36% 67% 44% 39% 27% 46% 49% 37% 43% 46% 49%

PD-L1 - 0% 19% 17% 13% 20% 15% 13% 11% 11% 11% 13%

PD-L1 Expression and Response Rate to Checkpoint Inhibition
Increased response rate vs. unselected patients across multiple cohorts

Adapted from Margaret Callahan, ASCO 2014
193 November 2021
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FDA-approved PD-L1 Companion Diagnostic Assays
Multiple antibody clones approved across indications

Prince et al. Analytical Concordance of PD-L1 Assays Utilizing Antibodies From FDA-Approved Diagnostics in Advanced Cancers: A Systematic
Literature Review. JCO Precis Oncol 5:953-973.

3 November 2021 20
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PD-L1 Immunohistochemistry (IHC)
Expression on both tumor and immune cells

21Doroshow et al. Nature Reviews Clinical Oncology 2021
TPS: Tumor Proportion Score, TC: Tumor Cells, IC: tumor-infiltrating Immune Cells; CPS: Combined Positive Score

3 November 2021
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Clinical Use of PD-L1 IHC Assays Has Become Very Complex
40 different disease indications with various clone, scoring system, and cut-off combinations

Courtesy Dr. 
Frank Zuehl
– St. Luke’s 

Hospital, 
Milwaukee, 

WI

3 November 2021 22
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PD-L1 IHC Clone Analytic Comparisons 

• 90 archival NSCLC samples

• 4 PD-L1 assays: 22C3, 28-8, SP142, E1L3N

• Scores from the 28-8 and E1L3N were not significantly 
different but that the 22c3 test showed a slight but 
statistically significant reduction in labeling of PD-L1 
expression in tumor cells.

• SP142 antibody is an outlier that detected significantly 
less PD-L1 expression in tumor cells and immune cells.

23

• 81 lung cancer specimens

• 5 PD-L1 assays: 22C3, 28-8, SP142, SP263, 73-10

• Highly comparable staining by the 22C3, 28-8 and 
SP263 assays

• Less sensitivity with the SP142 assay

• Higher sensitivity with the 73-10 assay to detect 
PD-L1 expression on TCs.

JAMA Oncology August 2017 Volume 3, Number 8

3 November 2021
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PD-L1 IHC Clone Analytic Comparisons 

24

JAMA Oncology August 2017 Volume 3, Number 8

3 November 2021
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PD-L1 IHC Scoring Reproducibility

25

JAMA Oncology August 2017 Volume 3, Number 8

Reliability (Fleiss κ statistics) of Scoring PD-L1 Expression

Tumor cells Immune cells

3 November 2021
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Comparison of PD-L1 Clones with Clinical Endpoints

26

• IMpassion130: Phase III accelerated 
approval study of atezolizumab + nab-
paclitaxel vs. placebo + nab-paclitaxel in 
mTNBC .

• Exploratory post hoc sub-study: SP142, 
22C3 and SP263 PD-L1 IHC assays were 
evaluated for PD-L1 prevalence, analytical 
concordance and estimates of clinical 
activity.

• The US indication for atezolizumab was 
subsequently withdrawn based on 
IMpassion 131 study results.

3 November 2021
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SP142 (IC 1%) 
and SP263 (IC 1%) 

OPAc 69%

PPA 98%

NPA 45%

SP142 (IC 1%) 
and 22C3 (CPS 1)

OPAc 64%

PPA 98%

NPA 34%

PD-L1 IHC Assays: Prevalence and Analytical Concordance

27
NPA, negative percentage agreement; OPA, overall percentage agreement; PPA, positive percentage agreement.
a > 97% of SP142+ samples included in 22C3+ or SP263+ samples. b Compared with 41% in ITT (Schmid, New Engl J Med 2018).
c ≥ 90% OPA, PPA and NPA required for analytical concordance.
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(45%)a
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(36%)
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Rugo et al.  ESMO 2019.
3 November 2021
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Population PFS OS

SP142
IC ≥ 1%: 46%

(285/614)

22C3
CPS ≥ 1: 81%

(497/614)

SP263
IC ≥ 1%: 75%

(460/614)

Median OS, mo HR  
(95% CI)A + nP P + nP ∆ 

27.3 17.9 9.4 0.74 (0.54, 1.01)

Median PFS, mo HR  
(95% CI)A + nP P + nP ∆ 

8.3 4.1 4.2 0.60 (0.47, 0.78)

Clinical outcomes in PD-L1+ populations 
per SP142 (IC 1%), 22C3 (CPS 1) and SP263 (IC 1%)

28

HR adjusted for prior taxanes, presence of liver metastases, age and ECOG PS.

7.5 5.4 2.1 0.68 (0.56, 0.82)

Atezolizumab + nab-paclitaxel
Placebo + nab-paclitaxel

7.5 5.3 2.2 0.64 (0.53, 0.79)

21.6 19.2 2.4 0.78 (0.62, 0.99)

22.0 18.7 3.3 0.75 (0.59, 0.96)
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Rugo et al.  ESMO 2019.
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Population PFS OS

SP142+
22C3+

(45%; 279/614)

SP142-
22C3+

(36%; 218/614)

SP142-
22C3-

(18%, 111/614)

Median OS, mo HR  
(95% CI)A + nP P + nP ∆ 

27.3 18.0 9.3 0.71 (0.52, 0.98)

Median PFS, mo HR  
(95% CI)A + nP P + nP ∆ 

8.3 3.9 4.4 0.60 (0.46, 0.78)

Clinical Outcomes Defined by SP142 (IC 1%) and 22C3 (CPS 1)

29Double positive: SP142 IC ≥ 1%, 22C3 CPS ≥ 1; single positive: SP142 IC < 1%, 22C3 CPS ≥ 1; double negative: SP142 IC < 1%, 22C3 CPS < 1. 
HR adjusted for prior taxanes, presence of liver metastases, age and ECOG PS.

7.3 5.6 1.7 0.81 (0.61, 1.09) 21.3 21.8 −0.5 0.92 (0.64, 1.31)

5.5 5.6 −0.1 1.00 (0.66, 1.51) 14.7 19.6 −4.9 1.08 (0.67, 1.76)

Double
positives

Single
positives

Double 
negatives
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Rugo et al.  ESMO 2019.
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Population PFS OS

SP142+
SP263+

(45%; 278/614)

SP142-
SP263+

(30%; 182/614)

SP142-
SP263-

(24%; 147/614)

Median OS, mo HR  
(95% CI)A + nP P + nP ∆ 

27.3 17.9 9.4 0.71 (0.52, 0.97)

Median PFS, mo HR  
(95% CI)A + nP P + nP ∆ 

8.3 4.1 4.2 0.61 (0.47, 0.79)

Clinical Outcomes Defined by SP142 (IC 1%) and SP263 (IC 1%)

30Double positive: SP142 IC ≥ 1%, SP263 IC ≥ 1%; single positive: SP142 IC < 1%, SP263 IC ≥ 1%; double negative: SP142 IC < 1%, SP263 IC < 1%. 
HR adjusted for prior taxanes, presence of liver metastases, age and ECOG PS.

7.0 5.4 1.6 0.68 (0.49, 0.94) 21.4 21.0 0.4 0.87 (0.58, 1.29)

5.5 6.9 −1.4 1.13 (0.79, 1.61) 17.9 20.5 −2.6 1.10 (0.72, 1.68)

Double
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Double 
negatives
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Rugo et al.  ESMO 2019.
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 In the post hoc exploratory biomarker sub-study of the IMpassion130 trial:
o The analytical concordance of SP142, 22C3 and SP263 were subpar (< 90%).

o The assays are not equivalent with overall percentage agreements (OPA) of 64% (22C3 vs. SP142) and 69% 
(SP263 vs. SP142).

o The clinical benefit in 22C3+ and SP263+ subgroups was driven by the SP142+ subgroup.

 This data represents a post hoc exploratory analysis of a single trial with a 
single therapy and indication combination.

 While analytic clone comparison data is useful, more clinical comparison data 
is needed to enable optimal decision making for patients.

PD-L1 IHC Clones: Analytic vs. Clinical Comparisons

313 November 2021
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N= 42 44 34 94 30 53 113 129 64 55 411

Response rates

Unselected 21% 32% 29% 22% 23% 23% 40% 19% 26% 18% 40%

PD-L1 + 36% 67% 44% 39% 27% 46% 49% 37% 43% 46% 49%

PD-L1 - 0% 19% 17% 13% 20% 15% 13% 11% 11% 11% 13%

Why do PD-L1 Negative Patients Respond to PD-(L)1 Inhibition?
Up to 20% response rate in PD-L1-negative population

Adapted from Margaret Callahan, ASCO 2014 3 November 2021 32
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Intratumoral Heterogeneity of PD-L1 Expression in NSCLC
48% PD-L1 discordance between biopsy and resection

In all cases, the biopsy specimens underestimated the PD-L1 status observed 
on the whole tissue sample. The discrepancies were mainly related to the lack 

of a PD-L1-positive IC component in matched biopsies.
Illie et al. Annals of Oncology 2015

Matched Biopsy 
Specimen

Surgical Resection 
Specimen

3 November 2021 33



© College of American Pathologists.

PD-L1 Expression in NSCLC: Heterogeneity by Pathologic Types, 
Tissue Sampling and Metastasis

34
Shen et al. Thorac Dis 2021;13(7):4360-4370

• 1,002 NSCLC samples stained with PD-L1 
22C3 and scored w/TPS

• Discordance
o Biopsy vs. resection: 31.4% (11/35)
o Primary tumor vs. LN mets: 28.6% (14/49)

o Cell blocks vs. biopsy: 11.1% (6/54)

o Different FFPE blocks from same case: 35.8% (19/53)

Block A Block B

3 November 2021
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Digital Quantification of PD-L1 Expression 

3636

CheckMate 238: Recurrence-Free Survival

Duan et al., Association of digital and manual quantification of tumor PD-L1 expression with outcomes in nivolumab-treated patients. Poster presented at AACR 2020

> 1% by Manual & AI Scoring

> 1% by AI Only

< 1% by Manual & AI Scoring

CheckMate 238: Digital vs Manual Scoring

3 November 2021
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Cancer Immunotherapy Challenges
Why do only ~20% of patients benefit?

38

Schadendorf et al. JCO 2015

No benefit 
in 80% of 
patients

20% patient benefit

3 November 2021
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Tumor and Host Factors Favoring Immune Responsiveness
Cancer Immunogram - Schumacher et al.

Blank, Haanen, Ribas, Schumacher – Science 2016.

Predicted 
response to 
PD-L/PD-L1 
inhibitors

Blue zone – favorable

Red zone – unfavorable

393 November 2021
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Tumor and Host Factors Favoring Immune Responsiveness
Cancer Immunogram - Schumacher et al.

Blank, Haanen, Ribas, Schumacher – Science 2016.

Resistance 
to anti-
PD(L)-1

Blue zone – favorable

Red zone – unfavorable

40

Vaccine? 
CAR-T 

Therapy?

Neo-antigen 
creation: RT? 

ChemoTx?

3 November 2021
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General Immune Status & Infiltration
Understanding the root causes of immune oases vs deserts

Hegde, et al. Clin Cancer Res 2016

Pre-existing immunity Excluded infiltrate Immunologically ignorant

Inflamed Non-inflamed

Convert to inflamed phenotype with combinations

CD8 T cells/IFNγ
PD-L1

TILs

Mutational Load

Reactive stroma
Angiogenesis

Respond favorably to 
checkpoint inhibition

MDSCs

Proliferating
Tumors/

Low Class I

41

TILs: Tumor Infiltrating Lymphocytes   MDSCs: Myeloid Derived Suppressor Cells

3 November 2021
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Prognostic Significance of Immune Infiltration Status in NSCLC 
>1 cold region associated with significantly higher risk of relapse

Independent of:
• Total # regions 

sampled

• Tumor size

• Stage

Nature Medicine | VOL 26 | July 2020 | 1054–1062

adenocarcinoma squamous cell carcinoma

3 November 2021 42



© College of American Pathologists.
LB Alexandrov et al. Nature 000, 1-7 (2013) doi:10.1038/nature12477

Tumor Mutational Burden (TMB) – Surrogate of Tumor Foreignness 
Higher mutational load increases probability of immunogenic neo-antigens

Higher 
probability 

but not 
100%

Lower 
probability 

but not zero

The prevalence of somatic mutations across human cancer types.

3 November 2021 43
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Tumor Mutational Burden (TMB)
Predictive or Prognostic?

PFS

TMB-LowTMB-High

Galvano et al. ESMO Open. 2021 Jun;6(3):100124.
3 November 2021 44
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Tumor Mutational Burden (TMB)
Predictive or Prognostic?

• TMB-high patients showed a remarkable effect in ORR (data not shown) and a statistically significant benefit in PFS 
along with an unprecedented OS improvement compared with those patients featuring a low-TMB status.

• A possible predictive role of high TMB for IO regimens could be inferred given the ORR and PFS benefit favoring CT vs 
IO in the TMB-low subgroup

• TMB may act as a predictive biomarker in addition to PD-L1 expression for the selection of the most appropriate 
patients treated with ICIs in the first-line management of advanced non-oncogene-addicted NSCLC.

Galvano et al. ESMO Open. 2021 Jun;6(3):100124.

OS

TMB-LowTMB-High

3 November 2021 45
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MMR/MSI Status - Surrogate of Tumor Foreignness
Status correlates with immune infiltration

Llosa, Pardoll, Cancer Discovery 2015

M
SI

/d
M

M
R

M
SS

/p
M

M
R

CD8+, PD-L1+ T-cells Present at Invasive Front of dMMR/MSI but Not pMMR/MSS Colon Cancer

3 November 2021 46



© College of American Pathologists.

Pembrolizumab for MSI-high/dMMR and TMB-High Cancers
1st tumor agnostic FDA approvals

Le et al. N Engl J Med 372;26 2015

Noncolorectal Cancer Types

Ampullary or 
cholangiocarcinoma

4

Endometrial 2

Small bowel 2

Gastric 1

June 16, 2020May 23, 2017
[dMMR or MSI-H solid tumors]

3 November 2021 47
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FDA Approval of Foundation One CDx TMB

48
https://www.fda.gov/medical-devices/recently-approved-devices/foundationoner-cdx-p170019s017

FoundationOne CDx (F1CDx) is a laboratory 
test designed to detect genetic variations in 
324 genes. F1CDx is a companion diagnostic 
that has been approved for the detection of 
genetic mutations in patients who may benefit 
from one of twenty-three FDA-approved 
therapies for non-small cell lung cancer, 
melanoma, breast cancer, colorectal cancer, 
ovarian cancer, cholangiocarcinoma, prostate 
cancer, and TMB for solid tumors.

FoundationOne® CDx - P170019/S017

Approval Date: October 23, 2020 Therapeutic Efficacy Results

3 November 2021
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MMR CDx FDA approved to identify endometrial cancer 
patients eligible for JEMPERLI (dostarlimab-gxly) anti-PD1

• 23Apr2021: Dostarlimab (Jemperli) was granted 
accelerated approval for the 2nd line treatment 
of patients with recurrent or advanced deficient 
mismatch repair (dMMR) endometrial cancer 
based on an FDA-approved test.

• In 103 patients with dMMR tumors, the 
objective response rate was 44.7%, made up of 
11 CRs and 35 PRs (ESMO 2020 updated 
results)

• 26Apr2021 FDA approved the VENTANA MMR 
RxDx Panel, an IHC CDx for dostarlimab

49

MLH1 MSH6

MSH2 PMS2

VENTANA MMR RxDx Panel

https://diagnostics.roche.com/global/en/products/tests/ventana-mmr-rxdx-panel.html

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-
accelerated-approval-dostarlimab-gxly-dmmr-endometrial-cancer

3 November 2021
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Clinical Grade Detection of MSI in CRC by Deep Learning
AUROC 0.96 using 6,406 patient international training cohort

Echle et al. Gastroenterology 2020;159:1406–1416

• Potential Clinical Implications
o Rapid ID of MSS/pMMR cases with high certainty

o ID high risk MSI/dMMR and Lynch syndrome cases for confirmation via IHC/PCR/NGS

3 November 2021 50
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Microbiome as a Cancer Immunotherapy Biomarker
Gut flora diversity and composition predicts response to immunotherapy

• Baseline stool samples from metastatic 
melanoma patients analyzed (RNAseq, DNAseq, 
qPCR) before immunotherapy treatment for 
selected bacteria.

• Significant association was observed between 
commensal microbial composition and clinical 
response.

• Bacterial species more abundant in responders
included Bifidobacterium longum, Collinsella
aerofaciens, and Enterococcus faecium

• Results suggest that the commensal 
microbiome may have a mechanistic impact on 
antitumor immunity in human cancer patients

3 November 2021 51
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Deep Learning Algorithms to Predict CIT Response
AUC .707 for anti-PD-1/CTLA-4 response/progression in advanced melanoma 

• CNN+Clin data sensitivity / specificity comparable to PD-L1 IHC
o 22C3 (1% cutoff): 80% sensitivity / 60% specificity for pembrolizumab ORR

o 28-8 (5% cutoff): 58% sensitivity / 49% specificity for nivolumab monotherapy1 ORR

o 28-8 (5% cutoff): 57% sensitivity / 54% specificity for ipilimumab+nivolumab1 ORR

Clin Cancer Res; 27(1) January 1, 2021

Patients Slides Tiles
POD Respons

e
POD Respons

e
POD Respons

e
Set 0 18 7 46 24 163,393 93,197
Set 1 15 18 30 26 155,720 71,662
Set 2 19 10 46 22 151,400 100,470
Set 3 10 4 36 14 193,583 106,325
Set 4 16 4 42 16 161,686 67,730
Total 78 43 200 102 825,782 439,384

NYU training dataset – 5-fold cross validation CNN alone: AUC 
0.707

CNN+clin data: 
AUC 0.800

(Performance status, tx regimen)

1Diggs et al. 2017

POD = Progression Of Disease

Sensitivity: 74%
Specificity: 80%

Conclusions: Histology slides and patients’ clinicodemographic
characteristics are readily available through standard of care and
have the potential to predict ICI treatment outcomes. With 
prospective validation, we believe our approach has potential for
integration into clinical practice.
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Resistance to Checkpoint Inhibitors
Loss of tumor associated neoantigens via LOH in NSCLC

Anagnostou, Velculescu - Cancer Discovery 2017
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3 November 2021 53



© College of American Pathologists.

Resistance Via Reduced Tumor Sensitivity to Immune Effectors
Inactivating JAK 1/2 mutations abolish INFγ signaling, causing resistance to 
pembrolizumab in melanoma

Baseline cell line JAK2 mutated cell line

Upregulation of INF 
stimulated genes

No Upregulation of INF 
stimulated genes

Zaretsky, Ribas NEJM 2016
3 November 2021 54
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Cancer Immunotherapy of Tomorrow Aspires to Cure
Expand long-term survival benefit to more patients with combo Rx

Illustrative KM curve for overall survival
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Combining Immunotherapy With Other Therapies
Which combinations for which patients?

αPD-1/αPD-L1

Chemotherapy

Radiotherapy

TKI

αIDO

Herpes
oncolytic 

virus

Vaccinia 
oncolytic 

virus

TLR ago

RIG ago

STING ago

TCE BiSpe 
mAbs

αTIGIT

αOX40

αGITR

αLAG-3

αCTLA4
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Next Wave of Cancer Immunotherapy Targets
TIGIT & LAG-3 are inhibitory immune checkpoints

https://www.miltenyibiotec.com/LV-en/applications/flow-cytometry-applications/immune-checkpoint-analysis.html

PVR/CD155: Polio Virus Receptor

3 November 2021 58
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TIGIT Immunobiology and Function
T cell immunoreceptor with immunoglobulin and ITIM 
(immunoreceptor tyrosine-based inhibitory motif) domain

• TIGIT is upregulated/expressed by immune cells, 
including activated T cells, natural killer cells, and 
regulatory T cells.

• TIGIT binds to two ligands, CD155 (PVR) and CD112 
(PVRL2, nectin-2), that are expressed by tumor 
cells and antigen-presenting cells in the tumor 
microenvironment.

• TIGIT pathway regulates T cell-mediated (adaptive) 
and natural killer cell-mediated (innate) tumor 
recognition in vivo and in vitro.

• In cancer, TIGIT is coexpressed with PD-1 on tumor 
antigen-specific CD8+ T cells and CD8+ tumor-
infiltrating lymphocytes (TILs)

Chauvin et al. TIGIT in cancer immunotherapy. JITC 2020;8e000957
3 November 2021 59
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Regulation of T/NK-cell via TIGIT-PVR Axis
Differential affinity ‘switching’ of immunosuppression vs. cytotoxicity/immune effector

/CD155

CD226

CD226

Gorvel et al. F1000Research 2020, 9(F1000 Faculty Rev):354
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Anti-TIGIT Monoclonal Antibody Mechanism of Action
Sequestration of TIGIT away from PVR-CD226 synapse

Dahan Cancer Cell 2015 NK: natural killer cell; Fc: Fragment crystallizable region

/ CD155

/ DNAM-1
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https://www.trinitydelta.org/wp-content/uploads/2020/09/Mereo-BioPharma-Outlook-020920.pdf

Anti-TIGIT Programs in Clinical Development
Most in phase I with tiragolumab in phase III

3 November 2021 62
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CITYSCAPE rPh II: Tiragolumab plus Tecentriq in 1L Stage IV NSCLC
Updated ORR analysis with 10.9 months median follow-up

Follow-up data cut-off: 02 December; 2019; ITT=intention-to-treat; TPS=tumor proportion score

Rodriguez-Abreu. ASCO 2020. Abstr 9503.
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CITYSCAPE rPh II: Tiragolumab plus Tecentriq in 1L Stage IV NSCLC
Updated PFS analysis with 10.9 months median follow-up

Follow-up data cut-off: 02 December; 2019; NE = Non-evaluable; PFS = progression free survival; ITT=intention-to-treat; TPS=tumor proportion score *unstratified HR
3 November 2021 64
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TIGIT Immunohistochemistry
Expression of the immune checkpoint receptor TIGIT in Hodgkin’s lymphoma

• Dianova mouse anti-TIGIT, clone TG-1,1:70

• Detected with the DAB-kit (DAKO, Santa Clara, 
United States)

• All analyzed cases (40) of HL contained 9–99% 
(median: 86%) of TIGIT+ lymphoid cells.

• TIGIT localized to the same cells as PD-1

• Expression levels of TIGIT and PD-1 were highly 
variable among the analyzed samples. Highest 
levels of TIGIT and PD-1 were found in one 
sample of nodular lymphocytic-predominant HL 
(NLPHL)

• Results encourage further studies evaluating 
the role of TIGIT as a target for 
immunotherapies in Hodgkin’s lymphoma

Li et al.  Expression of the immune checkpoint receptor TIGIT in Hodgkin’s lymphoma. BMC Cancer 2018
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LAG-3 (Lymphocyte Activation Gene-3)
Immune biology and mechanism

• Type I transmembrane protein w/well established role in the 
negative regulation of T cell function

• Extracellular region has 4 Ig-like domains w/20% identity with 
CD4

• Binds MHC class II molecules with high affinity; some 
cancers express MHC class II (e.g. melanoma)

• Not expressed on naive T cells, but can be induced on CD4+ 
and CD8+ T cells upon antigen stimulation.

• Also expressed on Tregs; inhibition of LAG3 has been 
shown to inhibit the suppressive activity of Treg cells.

• Pre-clinical synergy of LAG-3 and PD1 blockade led to 
clinical investigation

Nguyen et al. Nature Reviews Immunology Jan 2015 v15 3 November 2021 66
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Soluble form of LAG-3
Not the intended target of anti-LAG3 molecules

• LAG3 also encodes an alternative splice 
variant that is translated to a soluble form of 
LAG3, which exhibits immune adjuvant 
activity

• The soluble form of LAG3 binds MHC class II 
molecules in ‘lipid raft’ micro-domains on a 
minor subset of APCs

• Evidence that sLAG3 has clinical importance 
in vivo, as overall survival is improved in 
patients with breast cancer who have higher 
levels of sLAG3 at the time of diagnosis 
compared with patients who have lower 
levels

Nguyen et al. Nature Reviews Immunology Jan 2015 v15 
3 November 2021 67
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16 Pharma LAG-3 Programs by Development Phase
Most molecules in phase I/II with relatlimab and tebotelimab in phase III

https://scrip.pharmaintelligence.informa.com/SC144491/ASCO-Offers-Glimpse-Of-LAG-3-Inhibitors-Potential-Opportunities--And-Limitations
3 November 2021 68
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Pharma LAG-3 Programs by Indication
Broad array of disease areas being explored

https://scrip.pharmaintelligence.informa.com/SC144491/ASCO-Offers-Glimpse-Of-LAG-3-Inhibitors-Potential-Opportunities--And-Limitations
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LAG-3 Inhibitor Data @ ASCO 2021
Broad array of disease areas being explored

https://scrip.pharmaintelligence.informa.com/SC144491/ASCO-Offers-Glimpse-Of-LAG-3-Inhibitors-Potential-Opportunities--And-Limitations
3 November 2021 71
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Analytically validated 
IHC assay

Agilent/Dako 28-8 
pharmDx
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Benchmarking Relativity-047 Data
Similar mPFS with lower toxicity

https://https://www.evaluate.com/vantage/articles/events/conferences/asco-2021-bristols-lag3-case-replacement-yervoy-And-Limitations
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LAG-3 Immunohistochemistry
TNBC Study: Intact Mismatch Repair and Partial Co-Expression of PD-L1 and LAG-3

• LAG-3 (clone D2G40, dilution 1:150; Cell 
Signaling Technology, MA, USA)

• LAG-3 defined as positive when there 
were intra tumoral and peri-tumor 
stromal lymphocytes with any 
immunoreactivity in ≥1% of the entire 
tumoral area.

• 20 LAG-3+ cases (27.0%, 20/74), all of 
which were PD-L1+

• Co-expression of PD-L1 and LAG-3 was 
noted in 46.5% (20/43) of the PD-L1+ 
population

Wu et al. Triple-Negative Breast Cancer: Intact Mismatch Repair and Partial Co-Expression of PD-L1 and LAG-3, Frontier Immunology 24 Feb 2021
3 November 2021 79
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The Need for More Accurate Predictive Biomarkers
Multi-modal solution integrating biologic and AI-based insights

Immune Responsiveness Factors Tumor Immune Infiltration Status Immune Checkpoint Regulation Status

Digital Pathology + Deep Learning

3 November 2021 80
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CAP Personalized Healthcare Committee

Educational resource for pathologists and oncologists 
on the current standard of care and emerging trends 
in immuno-oncology testing

Walk E, Yohe S, Schade A, et al. The Cancer 
Immunotherapy Biomarker Testing Landscape. Arch 
Pathol Lab Med. 2020 Jun;144(6):706-724.
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CAP Personalized Healthcare Committee: Precision Medicine Webpage

Brief, relevant articles by CAP members that enable 
the reader to gain a better understanding of a 
particular area of precision medicine.

3 November 2021 82
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Thank You!

Questions & Answers

3 November 2021



© College of American Pathologists.

CAP’s Precision Medicine Webpage
• The webpage includes brief, relevant articles by CAP members that enable 

the reader to gain a better understanding of a particular area of precision 
medicine.
o Examples include pharmacogenetics, immune response genes, and the latest in the molecular drivers 

of cancer. 

o Access them www.cap.org > 

Member Resources > Precision Medicine

843 November, 2021

http://www.cap.org/
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• The CAP has created the Pathology Resource Guides to assist pathologists in 
understanding key emerging technologies. 
o Printed guides are now available for members ($39) and non-members ($69)

o The digital copy of the Resource Guides are a complimentary member benefit

o Access them www.cap.org > Resources and Publications

CAP’s Pathology Resource Guide: Precision Medicine

© 2018 College of American Pathologists. All rights reserved.

853 November, 2021
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THANK YOU!

Thank you for attending our webinar,
“Cancer Immunotherapy: Progress and Challenges on the Journey to Cure 

Cancer”
by Eric Walk MD, FCAP

For comments about this webinar or suggestions for upcoming webinars, 
please contact phcwebinars@cap.org.

NOTE: There is no CME/CE credit available for today’s free webinar. The 
PDF of the presentation will be sent out in a week.

863 November, 2021

mailto:phcwebinars@cap.org
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