Tumor mutational burden (TMB) as a biomarker of response to
immunotherapy in small cell lung cancer
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Tumors avoid immune surveillance by inactivating various
T-cell cytotoxic pathways that can promote cell death (1-3).
Cytotoxic T lymphocyte antigen 4 (CTLA-4) and
programmed death 1 (PD-1) are expressed primarily on
cytotoxic T lymphocytes. In contrast, programmed death
ligand 1 (PD-L1) is expressed on antigen-presenting
lymphoid and non-lymphoid tissues, on tumor cells, and
on virus-infected cells. PD-L1 expressed on a target cell
engages PD-1, to directly inhibit cytotoxic T-cell action
against the target cell (4). Similarly, CTLA-4 engagement
by B7-1 (CD80)/B7-2 (CD86), expressed on an antigen
presenting cell (APC), provides another key inhibitory
checkpoint signal that blocks T-cell activation (1),
contributing to tumor survival.

Clinical development of immunotherapy checkpoint
inhibitors targeting and disrupting the PD-1/PD-L1 and
CTLA-4/B7 interactions has transformed the treatment
approaches of solid tumors in recent years, including non-
small cell lung cancer (NSCLC) (1,3,5). These therapies
also show promise in typically more therapy-resistant
tumors, such as small cell lung cancer (SCLC). The drugs
most thoroughly evaluated in SCLC to date include
nivolumab, and pembrolizumab, which target PD-1, and
ipilimumab, which targets CTLA-4 protein (6,7). Even
though many SCLC patients do not respond to single agent
therapy directed against PD-1 or PD-L1, these drug work
better when combined with a CTLA-4 inhibitor (8).
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Pembrolizumab has been initially approved for NSCLC
patients with PD-L1 positive tumors (signal in >1% of cells
in tumor mass by immunohistochemistry) in second line
therapy, based on the Keynote-10 study (9). More recently,
approval was granted for patients with high PD-L1
expression (defined as >50% of cells being PD-L1 positive)
in the first line advanced setting, based on superiority to
chemotherapy platinum doublet in a randomized study (10).
These two key studies have established PD-L1 as a key
biomarker in advanced NSCLC. More recently, tumor
mutational burden (TMB) has been associated with greater
efficacy of pembrolizumab in NSCLC (11). TMB typically
translates into a higher neo-antigen load, and therefore a
higher chance that an antigen capable of stimulating an
immune reaction is expressed on the tumor cell surface and
recognizable by a cytotoxic T-cell (Figure 1) (11,12). TMB
was recently confirmed in a randomized clinical study to be
a powerful biomarker, independent of PD-L1 expression,
in NSCLC patients treated with the single agent PD-1
inhibitor nivolumab, and also in studies combining the PD-1
and CTLA-4 inhibitors, nivolumab and ipilimumab (6,13).

SCLC is an aggressive tumor, which represents about
10-15% of all lung cancers. Currently approved frontline
therapies have limited efficacy for extensive stage SCLC
(ES-SCLC): while initial therapy is usually very effective,
remissions are usually short lived and relapses are almost
universal. Median survival for patients with ES-SCLC
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Figure 1 Small cell lung cancer (SCLC) cell mutational burden, and PD-1 and CTLA-4 inhibitor response. 1, mutations in SCLC cells,

mostly related to smoking, generate neo-antigens; 2, neo-antigens are expressed on the cancer cell surface; 3, antigen presenting cells (APCs)

recognize neo-antigens, and present them to CD8+ T-cells, inducing cytotoxic T-cell responses; 4, cytotoxic CD8+ T-cell activation occurs,

resulting in robust neo-antigen-dependent tumor cell death. Combination of two checkpoint inhibitors is effective against subset of SCLCs
with high TMB that reach a threshold for robust CD8+ cytotoxic T-cell activation. B7.1/CD80 and B7.2/CD86 are proteins expressed on

APC that bind to CTLA-4 on cytotoxic CD8+ T cells.

treated with systemic chemotherapy is typically only about
12 months (14). Major unresolved issues have been lack of
effective options following treatment failure, and strategies
to lengthen remission before treatment failure. Traditionally,
the relapse of ES-SCLC from the first line chemotherapy
has been divided into two categories: refractory relapse,
which occurs within a 60-90-day treatment-free interval
(TFI) after the first-line chemotherapy, and sensitive
relapse, which occurs after at least 60-90 days of TFI (15).
In refractory relapse SCLC, topotecan, a topoisomerase 1
inhibitor, has a second-line median overall response rate
(ORR) of 5%, associated with a 1-year overall survival (OS)
of 9%, whereas for SCLC sensitive relapse, median ORR to
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second-line topotecan is 17%, with 1-year OS of 27% (16).
In spite of this limited efficacy, topotecan remains the only
FDA-approved standard therapy option for second line
treatment of SCLC, according to NCCN guidelines (17).
Immunotherapy development for SCLC has lagged
behind that for NSCLC, and the efficacy of immunotherapy
in this disease appears to be lower than for NSCLC.
The idea of adaptive immune resistance, where immune-
checkpoint ligand such as PD-L1 is induced in tumors in
response to an endogenous antitumor immune response
suggests that PD-1 pathway blockade as a monotherapy
will succeed only if antitumor immune responses pre-exist
in the host, a cancer patient (1). Therefore, it is likely that
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SCLC patients that do not respond to immunotherapy
with single agent checkpoint inhibitor have low PD-L1
expression and therefore lack pre-existing anti-tumor T-cell
responses. Based on this idea, it has been proposed that
a more effective approach for some tumor types would
be the combination of PD-1 and CTLA-4 inhibitors, in
accord with the observation that combination nivolumab
and ipilimumab have been FDA approved for metastatic
melanoma in 2015, and for intermediate risk and high
risk metastatic renal cell carcinoma and mismatch repair
(MMR)-deficient colon cancer in 2018 (18-20). This
combination therapy is now being actively studied across
many other tumor types. The fact that nivolumab and
ipilimumab have different mechanisms of action explains
their synergistic effect: while nivolumab primarily blocks
the tumor cell and cytotoxic CD8+ T-cell interaction via
blocking an activated PD-L1 pathway, ipilimumab disrupts
the T cell interaction with other APCs, such as dendritic
cells, macrophages or B-cells (Figure I).

An initial publication of a nonrandomized cohort of
advanced SCLC patients treated with nivolumab, or
nivolumab plus ipilimumab, showed 2-year OS of 14% and
26%, respectively (8), which lead to a recommendation of
the inclusion of nivolumab with or without ipilimumab
treatment as part of the NCCN guidelines. This finding
also contributed to a recent 2018 announcement by the
FDA that the use of nivolumab for SCLC would receive
priority review (17,21). The role of PD-L1 as a biomarker
in SCLC has been controversial; initial studies found that
SCLC has lower PD-L1 expression (~0-30% of cells in
tumor positive), and did not predict responses in SCLC
compared to NSCLC. However, the recent Keynote-158
SCLC phase 2 study showed that PD-L1 could be
detected in about 40% of SCLC, and was predictive of
pembrolizumab clinical activity (7,22,23).

In a key 2018 study by Hellmann ez 4/. (24), a detailed
biomarker analysis was performed on 211 (53%) of 401
patients with ES-SCLC progressing after two or more lines
of therapy, who had then been treated with nivolumab,
or nivolumab plus ipilimumab, in the Checkmate 032
study. Sixty-nine (27%) were TMB-high (=248 mutations
per tumor) as determined by whole-exome sequencing
(WES), while 73% had low or medium TMB. The WES
results correlated well with in silico analysis of a smaller
subset of FoundationOne 315 gene set, suggesting that
FoundationOne CDx assay could be used for routine
clinical testing of TMB. Strikingly, among the TMB-high
patients the 1-year OS was 35% for patients treated with
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nivolumab, and 62% for patients treated with nivolumab
and ipilimumab. These results were indeed highly
promising among these heavily pretreated patients with
an aggressive disease, and clearly numerically superior to
20-26% OS in low/medium TMB patients that received
nivolumab +/- ipilimumab. In contrast to TMB, PD-L1
was positive among 12% patients and was not predictive of
responses.

Several conclusions can be made from the study. First
of all, the results suggest that TMB is a robust predictive
biomarker for checkpoint immunotherapy in metastatic
SCLC, and the first reliable tissue-based biomarker for
immune checkpoint blockade (ICB) in this disease. Second,
SCLC patients, and especially the high-TMB population,
which represents about 1/4 of all SCLC, can clearly
have long term benefit from nivolumab with or without
ipilimumab therapy. The combination therapy shows robust
synergy and looks promising and numerically superior to
nivolumab with reported 1-year follow-up, and represents
the first major breakthrough in this aggressive disease in
decades.

Some unresolved issues remain before adoption of TMB
as a routine clinical practice biomarker. Tissue acquisition
is likely to be a problem for TMB assessment, as many
patients with SCLC routinely receive only small cytology
sample biopsies; therefore, a shift in this approach for
patients with SCLC is needed to require core biopsies and
perform routine TMB testing on majority of the patients.
Future studies are needed using the FoundationOne CDx
or similar panels or platforms, to determine if these yield
results suitable for routine clinical practice. This would
allow the replacement of WES with routine TMB. It will
be important to clarify the TMB cutoff values specific
to SCLC, to identify who will receive optimal benefit.
Finally, it would be interesting to see an impact of TMB
as predictive biomarker in other ongoing and other future
planned studies in SCLC patients: a phase 1/2 combining
nivolumab with or without ipilimumab with Rova-T DLL4
directed antibody drug conjugate (NCT03026166), a
large phase 3 immunotherapy combination study which
evaluates nivolumab with or without ipilimumab after
completion of platinum chemotherapy, CheckMate 451
study (NCT02538666) and other studies combining
various immunotherapy drugs with each other and with
chemotherapy in SCLC. Future novel immunotherapy
combination studies in SCLC contrasting response in
specific TMB high vs. TMB low/medium patient subgroups
are anticipated.
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Immunotherapy is improving the treatment of SCLC,
and some patients are clearly benefiting from this class
of therapeutic. To maximize treatment efficacy and to
minimize severity of adverse events, establishing prognostic
and response predictive markers is essential. Several factors
can regulate immunotherapy responses, and the current
study clearly shows that TMB is clearly a robust predictive
biomarker. In contrast, more studies are needed to clarify
the role of PD-L1 in SCLC, both in terms of prevalence of
PD-L1 expression, and in evaluating its ability to predict
responses. In spite of these advances, SCLC remains a
tumor that is difficult to treat, with the majority of patients
succumbing to this devastating disease. However, hopes are
high that future studies using novel combinations and TMB
as biomarker will improve outcomes, inducing long term
remissions among SCLC patients, within the next few years.
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