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Immune checkpoint blockade (ICB) has transformed cancer care
over the last 10 years, inducing durable tumor responses that
translate into long-term survival. This success has allowed
many patients across a variety of tumor types to live well with
cancer. However, not all tumor types have the same capacity to
respond to ICB, and not all patients with a given type of tumor
known to be responsive to ICB will benefit from it. In this issue
of the Journal, Fountzilas and colleagues’ review (1) provides
an overview of currently approved and emerging genomic
biomarkers for ICB that may predict response or resistance
to therapy.

Robust predictive biomarkers that allow physicians to select
the patients most likely to derive clinically meaningful benefit
from ICB will allow for its most effective use in the clinic.
Predictive biomarkers that have been approved by the US Food
and Drug Administration (FDA) to guide the use of immunother-
apy include expression of the protein biomarker programmed
death ligand-1 (PD-L1) in the tumor microenvironment (2) and
two genomic biomarkers thought to reflect a high neoantigen
load, deficient DNA mismatch repair or microsatellite
instability-high (dMMR/MSI-high), and tumor mutation burden-
high (TMB-high) (3). The broad value of a robust biomarker for
ICB is best illustrated by the development of pembrolizumab for
dMMR/MSI-high tumors, where a 53% objective response rate
(ORR) across 12 diverse histologic cancer types was observed in
the initial trial (4). This led to the first-ever tissue-agnostic FDA
drug approval in 2017, when pembrolizumab was approved to
treat patients with advanced dMMR/MSI-high tumors regardless
of histology. This was based on an ORR of 39.6% in a pooled
analysis of 5 clinical trials involving 149 patients with dMMR/
MSI-high tumors of diverse histologies (5). Polymerase chain re-
action and immunohistochemistry were noted to be acceptable
assays for defining dMMR/MSI status, so no companion diag-
nostic was approved for defining dMMR/MSI status. Nivolumab
has also now been FDA approved as monotherapy and with ipi-
limumab for dMMR/MSI-high metastatic colorectal cancer (6,7).
A second tissue agnostic biomarker also gained clinical traction
in June 2020, when the FDA granted accelerated approval for

pembrolizumab to treat advanced TMB-high (TMB> 10 mut/Mb)
tumors based on a 29% ORR across diverse tumor histologies (8).
The FoundationOneDx assay was approved as a companion
diagnostic.

This is good progress, but multiple challenges remain. First,
PD-L1 is a dynamic biomarker that can be expressed by tumor
cells, immune cells, and other host stromal cells that may vary
depending on tumor context, stage, and host factors and with
time (9). Moreover, PD-L1 may be assessed by several immuno-
histochemistry assays, each of which has distinct characteris-
tics related to the antibody, procedure, platform, and scoring
algorithm. Thus, these assays may not give concordant results
and are not interchangeable. Finally, there are some PD-L1–
negative tumors in some histologies that may respond to ICB
(10). Second, the value of both dMMR/MSI-high and TMB-high as
biomarkers may also be context dependent and variable by tu-
mor type, tumor stage, or other host factors. For example, some
noncolorectal MSI-high tumors have comparatively low re-
sponse rates to pembrolizumab, with pancreas cancers and cen-
tral nervous system tumors having ORRs of 18.2% and 0%,
respectively (4). Similarly, not all TMB-high tumors respond
equally well to ICB (11). In tumors such as melanoma, lung, and
bladder cancers, where neoantigen load correlates with CD8þ
T-cell levels, the ORR of TMB-high tumors was 39.8% and statis-
tically significantly higher than the ORR in TMB-low tumors
(odds ratio [OR] ¼ 4.1, 95% confidence interval [CI] ¼ 2.9 to 5.8;
P< 2� 10�16). In contrast, in tumors such as glioma, breast, and
prostate cancers where there was no correlation between CD8þ
T-cell levels and neoantigen load, the ORRs of TMB-high tumors
was only 15.3% and actually lower than the ORRs of TMB-low
tumors (OR ¼ 0.46, 95% CI ¼ 0.24 to 0.88; P¼ .02). It is clear that
developing robust predictive biomarkers that most reliably re-
flect the heterogeneity of this complex treatment landscape is a
high priority for the field.

MHC class I and II molecules play a key role in antigen pre-
sentation and T-cell priming, and the MHC genotype likely plays
a key role in determining the response of a given patient to ICB.
The interaction between the variables of: 1) the types of
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(neo)antigens present in a patient’s tumor, 2) the nature of the
binding of the (neo)antigen epitopes to the patient’s MHC mole-
cules, and 3) the population of T cells present that can recognize
the presented MHC: peptide complex will have an impact on the
patient’s response to ICB. Accordingly, expression of MHC class
I and II molecules and T-cell receptor diversity has been associ-
ated with response to ICB (12-15). Not surprisingly, loss of func-
tion in genes involved in antigen presentation and T-cell
function have been associated with resistance to immunother-
apy. These include loss of beta-2 microglobulin, which compro-
mises antigen presentation (16,17), and JAK1/2 mutations,
which limits the generation of interferon-gamma (16). Wnt/beta-
catenin mutations have also been associated with resistance to
ICB through a distinct mechanism (17,18). These mutations are
associated with impaired immune cell recruitment into the
tumor.

Other emerging genomic biomarkers potentially associated
with responsiveness to ICB include genes that regulate chroma-
tin structure through the SSWitch/Sucrose Non-Fermentable
(WI/SNF) complex (ARID1A, PBRM1, and SMARCA4 and SMARCB1)
(1). Some of the data in this area are contradictory, again suggest-
ing that a complete assessment of the overall epigenetic, geno-
mic, and immune contexture of a patient’s cancer is required to
fully understand the contribution of genomic biomarkers to the
overall potential for response to ICB. Furthermore, it is likely that
the epigenetic landscape will impact the clinical activity of inves-
tigational cancer immunotherapy strategies that combine ICB
and epigenetic modifying drugs.

An emerging area of importance is the development of bio-
markers to identify patients who may be at higher risk for
immune-related toxicity prior to the initiation of ICB therapy
(19) to enable better assessment of the benefit-risk profile of ICB
for a given patient. Of interest are cellular biomarkers (neutro-
phil to lymphocyte ratio, lymphocyte counts, regulatory T cells),
cytokines and chemokines (interleukin-6, interleukin-8, inter-
leukin-18, and cytokine and/or chemokine panel scores), and
auto-antibodies (for example, antibodies specific for thyroid
antigens, thyroid dysfunction), bullous pemphigoid 180 (BP180,
dermatitis), guanine nucleotide-binding protein G subunit alpha
(GNAL, hypophysitis), and CD74 (pneumonitis). Investigators
are also evaluating single nucleotide polymorphisms and MHC
haplotypes, particularly those MHC haplotypes associated with
autoimmune disease. To date, these studies evaluating bio-
markers of immune-related toxicity are hypothesis generating
and typically limited by small sample size.

In summary, 3 FDA-approved biomarkers currently guide
physicians in selecting patients for cancer immunotherapy with
ICB. Although they represent a meaningful step forward, they
remain imperfect biomarkers, and each individually captures
only a small component of immune responsiveness. The tumor
immune microenvironment is a multidimensional, intercon-
nected network of genes, proteins, immune and stromal cells,
and other systemic host factors that together determine the im-
munological status of the host-tumor interaction. Given this
complexity, a composite biomarker that more effectively cap-
tures and integrates these elements into an immune respon-
siveness score should more effectively select patients for cancer
immunotherapy and set the stage for highly active personalized
immunotherapies.

Funding

None.

Notes

Role of the funder: Not applicable.

Disclosures: The author discloses the following: Employment:
University of Pittsburgh, UPMC UPP; Royalties: Elsevier;
Intellectual Property Rights: Aduro Biotech; Consulting fees;
Genentech, F Hoffman La Roche, Syndax, Lilly, Abbvie,
Astrazeneca, Medimmune, Bayer, GCPR, Gilead, Gritstone,
Macrogenics, Novartis, Peregrine, Replimune, Shionogi,
Silverback, Vaccinex, Celgene, Chugai; Travel support:
Genentech, F Hoffman La Roche, Amgen, Macrogenics,
Replimune, Vaccinex, Bristol Myers Squibb; Contracted re-
search: Abbvie, Aduro Biotech, Astrazeneca, Bolt Therapeutics,
Bristol Myers Squibb, Corvus, EMD Serono, Genentech, F
Hoffman La Roche, Maxcyte, Merck, Silverback, Tempest,
Takeda, CytomX, Compugen; Third-party publication support:
Genentech/F Hoffman La Roche; In kind support (provision of
drug for preclinical studies). The author is the current vice presi-
dent for the Society for the Immunotherapy of Cancer (2021-
2022) and was an at-large member of the board of directors
from 2016 to 2019.

Author contributions: Writing, original draft—LAE. Writing,
editing and revision—LAE.

Data Availability

Not applicable.

References
1. Fountzilas E, Kurzrock R, Hiep H, et al. Wedding of molecular alterations and

immune checkpoint blockade: genomics as a matchmaker. J Natl Cancer Inst.
2021. In press.

2. Lagos GG, Izar B, Rizvi NA. Beyond tumor PD-L1: emerging genomic bio-
markers for checkpoint inhibitor immunotherapy. Am Soc Clin Oncol Educ
Book. 2020;40:1-11.

3. Cormedi MCV, Van Allne EM, Colli LM. Predicting immunotherapy response
through genomics. Curr Op Genet Dev. 2021;66:1-9.

4. Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency predicts re-
sponse of solid tumors to PD-1 blockade. Science. 2017;357:409-413.

5. Marcus L, Lemery SJ, Keegan P, et al. FDA approval summary: pembrolizumab
for the treatment of microsatellite instability-high tumors. Clin Cancer Res.
2019;25:3753-3758.

6. Overman MJ, McDermott R, Leach JL, et al. Nivolumab in patients with meta-
static DNA mistmatch repair-deficient or microsatellite instability-high colo-
rectal cancer (CheckMate 142): an open-label, multicentre, phase 2 study.
Lancet Oncol. 2017;18:1182-1191.

7. Overman MJ, Lonardi S, Wong KYM, et al. Durable clinical benefit with nivo-
lumab plus ipilimumab in DNA mismatch repair-deficient/microsatellite-
instability-high metastatic colorectal cancer. J Clin Oncol. 2018;36:773-779.

8. Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizumab in patients with
non-colorectal high microsatellite instability/mismatch repair-deficient cancer:
results from the phase II KEYNOTE-158 study. J Clin Oncol. 2020;38:1-10.

9. Han S, Shuen WH, Wang W-W, et al. Tailoring precision immunotherapy:
coming to a clinic soon? ESMO Open. 2020;5:e000631.

10. Sunshine J, Taube JM. PD-1/PD-L1 inhibitors. Curr Opin Pharmacol. 2015;23:
32-38.

11. McGrail DJ, Pilie PG, Rashid NU, et al. High tumor mutation burden fails to predict
immune checkpoint blockade response across all tumor types. Ann Oncol.
2021;32:661–672. Mar 10;S0923-753(21)00123-X. doi: 10.1016/j.annonc.2021.02.006.
online ahead of print.

12. Johnson DB, Estrada MV, Salgado R, et al. Melanoma-specific MHC-II expres-
sion represents a tumour-autonomous phenotype and predicts response to
anti-PD-1/PD-L1 therapy. Nat Commun. 2016;7:10582.

13. Rodig SJ, Gusenleitner D, Jackson DG, et al. MHC proteins confer differential
sensitivity to CTLA-4 and PD-1 blockade in untreated metastatic melanoma.
Sci Transl Med. 2018;19:eaar3342.

14. Roemer MGM, Redd RA, Cader FZ, et al. Major histocompatibility complex class II
and programmed death ligand 1 expression predict outcome after programmed
death blockade in classic Hodgkin lymphoma. J Clin Oncol. 2018;36:942-950.

15. Cader FZ, Hu X, Goh WL, et al. A peripheral immune signature of responsive-
ness to PD-1 blockade in patients with classical Hodgkin lymphoma. Nat Med.
2020;26:1468-1479.

ED
IT

O
R

IA
L

1602 | JNCI J Natl Cancer Inst, 2021, Vol. 113, No. 12



16. Zaretsky JM, Garcia-Diaz A, Shin DS, et al. Mutations associated with ac-
quired resistance to PD-1 blockade in melanoma. N Engl J Med. 2016;375:
819-829.

17. Grasso CS, Giannakis M, Wells DK, et al. Genetic mechanisms of immune
evasion in colorectal cancer. Cancer Discov. 2018;8:730-749.

18. Spranger S, Bao R, Gajewski TF. Melanoma-intrinsic beta-catenin signaling
prevents anti-tumour immunity. Nature. 2015;523:231-235.

19. Hommes JW, Verheijden RJ, Suijkerbuijk KPM, et al. Biomarkers of checkpoint
inhibitor-induced immune-related adverse events—a comprehensive re-
view. Front Oncol. 2021;10:585311.

ED
IT

O
R

IA
L

L. A. Emens | 1603


