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EDITORIAL

Immune checkpoint inhibitors (ICIs) have transformed the
standard of care for numerous cancer types. For several
patients with melanoma, non-small cell lung cancer
(NSCLC), and renal cell carcinoma (RCC), ICIs are an
integral component of front line and subsequent line
treatments based on multiple clinical trials and category 1
recommendations in the NCCN guidelines [1-9]. These
treatments can induce sustained responses in a cohort of
patients; however, the magnitude of benefit varies
significantly amongst patients and tumor types. A large
number of patients are either resistant or only respond
temporarily to ICls. Biomarkers that can help predict
which patients may benefit from ICIs are critical since
they can uncover a subset of patients who would be good
ICI monotherapy candidates and help determine who
might benefit from alternative therapies or novel
combinations. For instance, programmed death-ligand 1
(PD-L1) expression, a biomarker which has shown to
have predictive value in NSCLC patients treated with
ICls, can also be used to identify triple-negative breast

cancer patients who could benefit from ICls [6,10].

However, PD-L1 expression is not predictive of ICI
response amongst some other tumor types, such as in
melanoma [11]. Moreover, the antibodies used for testing
and the way the test results are interpreted are different
depending on the checkpoint inhibitors used and the

tumor type.

In recent years, other biomarkers have been detected that
can predict ICI response regardless of the tumor type. In
2017, pembrolizumab was FDA approved for patients
with microsatellite instability-high (MSI-H) or mismatch
repair deficient (dMMR) solid tumors [12]. This was the
first tumor agnostic drug approved by the FDA which

helped expand the use of IClIs to other cancer patients.

Earlier this year, the FDA approved pembrolizumab for
the treatment of patients with tumors that were found to
be tumor mutational burden-high (TMB-H) [13].
Interestingly, TMB-H has been found to correlate with
ICI response even when PD-L1 expression is absent [14].
There are also reports of ICI benefit when the tumor is
microsatellite stable (MSS), but TMB-H [15]. Given this

discrepancy, we would like to delve deeper into what is
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TMB and how does it aid our understanding of predicting
ICI response?

TMB is defined as a quantitative measure of the total
number of somatic non-synonymous mutations per coding
area of a tumor genome. It is theorized that the greater
amount of mutations present, the higher the likelihood
that the tumor will create unique neo-antigens that will be
recognized as foreign by the immune system [16]. Since
ICIs are used to amplify the immune response, tumors
with a greater mutational load are more likely to be
affected by this treatment. The prevalence of somatic
mutations is highly variable between tumor types. They
are most predominant in melanoma and lung cancer
which is likely caused by chronic exposure to mutagens in
ultraviolet light and tobacco smoke respectively [17].
There are also intrinsic mechanisms that can make a
tumor have a higher mutational burden. For instance,
defects in mismatch repair (MMR) genes can lead to
hyper-mutated tumors, particularly at the sites of
microsatellites, which can create an MSI-H phenotype
[18]. The association between TMB-H and MSI-H can
help explain why MSI-H tumors are responsive to ICIs. In
a study of 302 colorectal cancer (CRC) tumors which
were MSI-H, 99.7% were found to be also TMB-H [15].
Tumor-based TMB, which was initially measured using
whole exome sequencing (WES), can now be accurately
assessed in the peripheral blood using platforms such as
Foundation One Liquid CDx, Guardant OMNI, and
PredicineATLAS [18-21]. Blood-based TMB has also
shown to be a reliable predictor of ICI response in
multiple studies [22,23]. In summary, TMB is a readily
assessable predictive biomarker that should be
incorporated in the workup of all advanced solid-tumor

malignancies.

A high TMB has been shown in many studies to be an
independent marker for ICI response in multiple tumor

types. For instance, the results of Keynote-158, which led

to the FDA approval of pembrolizumab for TMB-H
tumors, evaluated the predictive value of TMB in patients
with various tumor types who received pembrolizumab.
In the efficacy population, 29% of patients with TMB-H
tumors (defined as >10 mutations/megabase [mut/Mb])
had an objective response compared to 6% of patients
who had non-TMB-H tumors [24]. The predictive nature
of TMB could not be explained by the presence of other
biomarkers. TMB-H tumors were associated with
improved response irrespective of PD-L1 expression.
Also, when patients with MSI-H tumors were excluded,
28% of patients with TMB-H tumors had an objective
response [24]. This illustrates how TMB alone can
identify a subset of patients who can potentially benefit
from ICls. In addition, the likelihood of ICI benefit
potentially increases the higher the TMB becomes. In a
retrospective analysis which evaluated the relationship
between TMB and outcomes in various cancers treated
with ICls, the response rate to anti-programmed cell death
protein 1 (PD-1) or anti-PD-L1 monotherapy improved as
the TMB increased. The response rate was 4% for low
TMB (defined as 1 mut/Mb - 5 mut/Mb), 26% for
intermediate TMB (defined as 6 mut/Mb -19 mut/MB),
45% for high TMB (defined as >20 mut/Mb), and 67%
for very high TMB (defined as >50 mut/Mb) [25]. Thus,
the magnitude of TMB is important to keep in mind when

testing for this marker.

TMB can also be used to better predict response within
MSI-H patients. Among patients with MSI-H tumors, the
overall response rate to ICIs in prior studies was found to
be 39.6% [26]. Thus, there is a still a large cohort of
patients within this enriched population that do not benefit
from ICls. It is important to note that the average TMB in
MSS tumors is likely different than the average TMB in
MSI-H tumors. For instance, one analysis found the
median TMB to be 38.63 in 16 CRC patients with MSI-H
tumors compared to 10.39 in 39 CRC patients with MSS
tumors [27]. In a study that evaluated 22 CRC patients
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with MSI-H tumors, 13/13 (100%) patients with TMB-H
(defined as >37 mut/Mb - 41 mut/Mb) responded to ICIs
while 6/9 (66.7%) patients with low TMB had progressive
disease [28]. Overall, TMB can be a predictive marker in
both the general and MSI-H populations even though the

cut-off values may vary.

A unique population to also consider is MSS/TMB-H
patients. Though MSI-H and TMB-H appear to be
interrelated, there is still a subgroup of MSS patients that
are TMB-H. One study found approximately 3% of MSS
CRC tumors to be TMB-H and there are case reports
which show ICI benefit in this population [15,29]. This
reinforces how TMB can identify additional patients who
may benefit from ICls. This cohort of patients can also
provide insight into unique genes that may play a role in
ICI response. For instance, the aforementioned study also
tried to assess the genes associated with an MSS/TMB-H
phenotype in CRC. In the analysis, patients that were
MSS/TMB-H were approximately 100x more likely to
contain a variant in the POLE gene compared to
MSS/TMB-Low patients (20.7% vs 0.2%) [15]. DNA
polymerase epsilon (POLE) and delta 1 (POLD1) are
DNA proofreading enzymes in which particular mutations
can lead to very high rates of base substitution mutations
[29]. Both germline and somatic mutations in POLE and
POLD1 have been shown to cause a highly mutated, but
MSS-type tumor in CRCs and endometrial cancers
[29,30]. Since these gene mutations can predispose to a
higher TMB, screening for them may potentially find

additional patients who would benefit from ICls. With
this in mind, there are clinical trials that are underway that
are assessing ICl response in POLE/POLD1-mutated
tumors [31-33].

Despite this promise, TMB as a predictive marker for ICI
response is not a homerun. The cut-off definitions for
TMB-high and low are not uniform. For example, TMB-
H was defined as > 10 mut/Mb in the FDA approval given
the results of Keynote-158 [13,24]. However, previous
studies have had different definitions of TMB-H and have
calculated it using different methodologies [34]. It is also
important to consider that a high TMB for one tumor may
not be considered high for another tumor [35]. In other
words, different tumors may need different definitions of
TMB-H. It will be imperative to standardize the testing
and reporting of TMB-H in studies moving forward and
there are currently efforts underway in trying to do so
[36].

Overall, ICIs can induce durable responses in a subset of
patients and predictive biomarkers are crucial to help
identify patients who would benefit from them. The data
behind TMB has been promising and provides insight into
understanding the likelihood of ICI response. Though this
biomarker should continue to be substantiated in different
tumor types, TMB adds to previously established
biomarkers and should be part of the workup of any

patient with advanced cancer.

REFERENCES

Lo

New England Journal of Medicine 372(4): 320-330

https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf

https://www.nccn.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf

https://www.nccn.org/professionals/physician_gls/pdf/kidney.pdf
Robert C, Long GV, Brady B, et al. (2015) Nivolumab in previously untreated melanoma without BRAF mutation. The

19


https://www.nccn.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
https://www.nccn.org/professionals/physician_gls/pdf/kidney.pdf
Nivolumab%20in%20previously%20untreated%20melanoma%20without%20braf%20mutation
Nivolumab%20in%20previously%20untreated%20melanoma%20without%20braf%20mutation

www.tridhascholars.org | December-2020

5. Robert C, Schachter J, Long GV, et al. (2015) Pembrolizumab versus ipilimumab in advanced melanoma. The New
England Journal of Medicine 372(26): 2521-2532.

6. Mok TSK, Wu Y-L, Kudaba I, et al. (2019) Pembrolizumab versus chemotherapy for previously untreated, PD-L1-
expressing, locally advanced or metastatic non-small-cell lung cancer (KEYNOTE-042): A randomised, open-label,
controlled, phase 3 trial. The Lancet 393(10183): 1819-1830.

7. Borghaei H, Paz-Ares L, Horn L, et al. (2015) Nivolumab versus docetaxel in advanced nonsquamous non-small-cell lung
cancer. The New England Journal of Medicine 373(17): 1627-1639.

8. Motzer RJ, Tannir NM, McDermott DF, et al. (2018) Nivolumab plus ipilimumab versus sunitinib in advanced renal-cell
carcinoma. The New England Journal of Medicine 378(14): 1277-1290.

9. Motzer RJ, Escudier B, McDermott DF, et al. (2015) Nivolumab versus Everolimus in advanced renal-cell carcinoma.
The New England Journal of Medicine 373(19): 1803-1813.

10. https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-atezolizumab-pd-11-positive-unresectable-locally-
advanced-or-metastatic-triple-negative

11. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. (2019) Five-year survival with combined nivolumab and ipilimumab in
advanced melanoma. The New England Journal of Medicine 381(16): 1535-1546.

12. https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-pembrolizumab-first-
tissuesite-agnostic-indication

13. https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-pembrolizumab-adults-and-children-tmb-h-solid-
tumor

14. Hellmann MD, Ciuleanu T-E, Pluzanski A, et al. (2018) Nivolumab plus ipilimumab in lung cancer with a high tumor
mutational burden. The New England Journal of Medicine 378(22): 2093-2104.

15. Fabrizio DA, George TJ, Dunne RF, et al. (2018) Beyond microsatellite testing: Assessment of tumor mutational burden
identifies subsets of colorectal cancer who may respond to immune checkpoint inhibition. Journal of Gastrointestinal
Oncology 9(4): 610-617.

16. Meléndez B, Van Campenhout C, Rorive S, et al. (2018) Methods of measurement for tumor mutational burden in tumor
tissue. Translational Lung Cancer Research 7(6): 661-667.

17. Alexandrov LB, Nik-Zainal S, Wedge DC, et al. (2013) Signatures of mutational processes in human cancer. Nature
500(7463): 415-421.

18. Hendriks LE, Rouleau E, Besse B (2018) Clinical utility of tumor mutational burden in patients with non-small cell lung
cancer treated with immunotherapy. Translational Lung Cancer Research 7(5): 647-660.

19. https://www.foundationmedicine.com/test/foundationone-liquid-cdx

20. https://guardanthealth.com/solutions/

21. https://www.predicine.com/solutions-overview/atlas/

22.Wang Z, Duan J, Cai S, et al. (2019) Assessment of blood tumor mutational burden as a potential biomarker for
immunotherapy in patients with non-small cell lung cancer with use of a next-generation sequencing cancer gene panel.
JAMA Oncology 5(5): 696.

20


https://www.nejm.org/doi/full/10.1056/nejmoa1503093
https://www.nejm.org/doi/full/10.1056/nejmoa1503093
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32409-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32409-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32409-7/fulltext
https://www.nejm.org/doi/full/10.1056/nejmoa1507643
https://www.nejm.org/doi/full/10.1056/nejmoa1507643
https://www.nejm.org/doi/full/10.1056/nejmoa1712126
https://www.nejm.org/doi/full/10.1056/nejmoa1712126
https://www.nejm.org/doi/full/10.1056/NEJMoa1510665
https://www.nejm.org/doi/full/10.1056/NEJMoa1510665
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-atezolizumab-pd-l1-positive-unresectable-locally-advanced-or-metastatic-triple-negative
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-atezolizumab-pd-l1-positive-unresectable-locally-advanced-or-metastatic-triple-negative
https://www.nejm.org/doi/full/10.1056/nejmoa1910836
https://www.nejm.org/doi/full/10.1056/nejmoa1910836
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-pembrolizumab-first-tissuesite-agnostic-indication
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-pembrolizumab-first-tissuesite-agnostic-indication
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-pembrolizumab-adults-and-children-tmb-h-solid-tumor
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-pembrolizumab-adults-and-children-tmb-h-solid-tumor
https://www.nejm.org/doi/full/10.1056/nejmoa1801946
https://www.nejm.org/doi/full/10.1056/nejmoa1801946
http://jgo.amegroups.com/article/view/21425/html
http://jgo.amegroups.com/article/view/21425/html
http://jgo.amegroups.com/article/view/21425/html
https://pubmed.ncbi.nlm.nih.gov/30505710/
https://pubmed.ncbi.nlm.nih.gov/30505710/
https://www.nature.com/articles/nature12477
https://www.nature.com/articles/nature12477
http://tlcr.amegroups.com/article/view/24555/18844
http://tlcr.amegroups.com/article/view/24555/18844
https://www.foundationmedicine.com/test/foundationone-liquid-cdx
https://guardanthealth.com/solutions/
https://www.predicine.com/solutions-overview/atlas/
https://jamanetwork.com/journals/jamaoncology/fullarticle/2726029
https://jamanetwork.com/journals/jamaoncology/fullarticle/2726029
https://jamanetwork.com/journals/jamaoncology/fullarticle/2726029

www.tridhascholars.org | December-2020

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gandara DR, Kowanetz M, Mok TSK, et al. (2017) Blood-based biomarkers for cancer immunotherapy: Tumor
mutational burden in blood (bTMB) is associated with improved atezolizumab (atezo) efficacy in 2L+ NSCLC (POPLAR
and OAK). Annals of Oncology 28: 460.

Marabelle A, Fakih M, Lopez J, et al. (2020) Association of tumour mutational burden with outcomes in patients with
advanced solid tumours treated with pembrolizumab: Prospective biomarker analysis of the multicohort, open-label,
phase 2 KEYNOTE-158 study. The Lancet Oncology 21(10): 1353-1365.

Goodman AM, Kato S, Bazhenova L, et al. (2017) Tumor mutational burden as an independent predictor of response to
immunotherapy in diverse cancers. Molecular Cancer Therapy 16(11): 2598-2608.

Marcus L, Lemery SJ, Keegan P, et al. (2019) FDA approval summary: Pembrolizumab for the treatment of microsatellite
instability-high solid tumors. Clinical Cancer Research 25(13): 3753-3758.

Fenizia F, Pasquale R, Roma C, et al. (2019) Abstract 3975: Tumor mutation burden and microsatellite instability in
colorectal cancer. Cancer Research.

Schrock AB, Ouyang C, Sandhu J, et al. (2019) Tumor mutational burden is predictive of response to immune checkpoint
inhibitors in MSI-high metastatic colorectal cancer. Annals of Oncology 30(7): 1096-1103.

Gong J, Wang C, Lee PP, et al. (2017) Response to PD-1 blockade in microsatellite stable metastatic colorectal cancer
harboring a POLE mutation. Journal of National Comprehensive Cancer Network 15(2): 142-147.

Briggs S, Tomlinson I (2013) Germline and somatic polymerase € and & mutations define a new class of hypermutated
colorectal and endometrial cancers. The Journal of Pathology 230(2): 148-153.

Wang F, Zhao Q, Wang Y-N, et al. (2019) Evaluation of POLE and POLD1 mutations as biomarkers for immunotherapy
outcomes across multiple cancer types. JAMA Oncology 5(10): 1504.

Xu R (2019) A Phase Il open label study of toripalimab, a pd-1 antibody, in participants with pole or pold-1 mutated and
non-msi-h advanced solid tumors.

Yonsei University (2019) A phase Il study of avelumab monotherapy in PD-L1 positive or EBV positive or MSI-H or
POLE/POLD1 mutated advanced solid tumor (Part of K-BASKET Trial; Korea-Biomarker-driven Multi-arm Drug-
screening, Knowledge and Evidence-generating Targeted Trial).

Alexander M, Galeas J, Cheng H (2018) Tumor mutation burden in lung cancer: A new predictive biomarker for
immunotherapy or too soon to tell? Journal of Thoracic Disease 10(S33): S3994-S3998.

Samstein RM, Lee C-H, Shoushtari AN, et al. (2019) Tumor mutational load predicts survival after immunotherapy
across multiple cancer types. Nature Genetics 51(2): 202-206.

Tumor Mutational Burden (TMB) (2018) Friends of cancer research.

21


https://oncologypro.esmo.org/meeting-resources/esmo-2017-congress/Blood-Based-Biomarkers-for-Cancer-Immunotherapy-Tumor-Mutational-Burden-in-Blood-bTMB-is-Associated-With-Improved-Atezolizumab-atezo-Efficacy-in-2L-NSCLC-POPLAR-and-OAK
https://oncologypro.esmo.org/meeting-resources/esmo-2017-congress/Blood-Based-Biomarkers-for-Cancer-Immunotherapy-Tumor-Mutational-Burden-in-Blood-bTMB-is-Associated-With-Improved-Atezolizumab-atezo-Efficacy-in-2L-NSCLC-POPLAR-and-OAK
https://oncologypro.esmo.org/meeting-resources/esmo-2017-congress/Blood-Based-Biomarkers-for-Cancer-Immunotherapy-Tumor-Mutational-Burden-in-Blood-bTMB-is-Associated-With-Improved-Atezolizumab-atezo-Efficacy-in-2L-NSCLC-POPLAR-and-OAK
https://www.sciencedirect.com/science/article/abs/pii/S1470204520304459
https://www.sciencedirect.com/science/article/abs/pii/S1470204520304459
https://www.sciencedirect.com/science/article/abs/pii/S1470204520304459
https://pubmed.ncbi.nlm.nih.gov/28835386/
https://pubmed.ncbi.nlm.nih.gov/28835386/
https://pubmed.ncbi.nlm.nih.gov/30787022/
https://pubmed.ncbi.nlm.nih.gov/30787022/
https://cancerres.aacrjournals.org/content/79/13_Supplement/3975
https://cancerres.aacrjournals.org/content/79/13_Supplement/3975
https://www.sciencedirect.com/science/article/pii/S0923753419312402
https://www.sciencedirect.com/science/article/pii/S0923753419312402
https://jnccn.org/view/journals/jnccn/15/2/article-p142.xml
https://jnccn.org/view/journals/jnccn/15/2/article-p142.xml
https://onlinelibrary.wiley.com/doi/full/10.1002/path.4185
https://onlinelibrary.wiley.com/doi/full/10.1002/path.4185
https://jamanetwork.com/journals/jamaoncology/fullarticle/2748391
https://jamanetwork.com/journals/jamaoncology/fullarticle/2748391
https://clinicaltrials.gov/ct2/show/NCT03810339
https://clinicaltrials.gov/ct2/show/NCT03810339
https://clinicaltrials.gov/ct2/show/NCT03491345?term=pole%2Fpold1&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03491345?term=pole%2Fpold1&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03491345?term=pole%2Fpold1&draw=2&rank=1
https://pubmed.ncbi.nlm.nih.gov/30631537/
https://pubmed.ncbi.nlm.nih.gov/30631537/
https://www.nature.com/articles/s41588-018-0312-8
https://www.nature.com/articles/s41588-018-0312-8
https://friendsofcancerresearch.org/tmb

