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Pembrolizumab monotherapy in the first-line treatment of EGFR/
ALK wildtype, PD-L1 tumor proportion score (TPS) 1-49%,
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Non-small cell lung cancer (NSCLC) is a common
malignancy in both men and women, and advanced disease
is a leading cause of death around the world (1). For those
with lung cancers that do not harbor a driver mutation
rendering susceptibility to targeted therapies (e.g., EGFR
and ALK mutations), treatment options were limited to
chemotherapy and the prognosis was particularly grim.
However, in the last 5 years, the success of immunotherapy
utilizing checkpoint inhibitors has expanded treatment
paradigms offering hope for many of these patients. Besides
histology, PD-L1 expression in tumor cells [known as PD-
L1 tumor proportion score (TPS)] is a key factor in deciding
first-line treatment options for metastatic NSCLC lacking
a targetable EGFR/ALK/ROS1 mutation (2) with patients
divided into three groups, PD-L1 >50%, 1-49% and <1%.
For NSCLC with a PD-L1 expression of >50%, PD-1
inhibition with the monoclonal antibody pembrolizumab
is highly effective with a median overall survival (OS) of
30.0 months compared to 14.2 months with chemotherapy.
Additionally, grade 3 or higher adverse events occurred in
53.3% of the chemotherapy group compared to 31.2% of
the pembrolizumab monotherapy group (3). Hence, expert
guidelines recommend pembrolizumab monotherapy as
the front-line choice in metastatic NSCLC except when
tumor burden is high enough or disease is progressing
rapidly enough to cause early decline in functional status
precluding second line chemotherapy, in which case front-
line chemoimmunotherapy is preferred (4-6). Patients with
NSCLC with PD-L1 expression of >50% represent the
minority of cases with a prevalence of only 23.2%. More
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than one third of NSCLC, on the other hand, has a PD-
L1 expression of 1-49% (7). Pembrolizumab monotherapy
offers a tempting alternative to chemoimmunotherapy
but here we present compelling evidence that
chemoimmunotherapy is superior to pembrolizumab
monotherapy and should be the treatment of choice in
eligible patients with intermediate PD-L1 status.

Biological rationale for combination
chemoimmunotherapy

Traditionally, the mechanism of action of chemotherapy
was presumed to be exclusively from the inhibition of
rapidly proliferating cells, thus preferentially inducing
cytotoxicity against malignant cells. Recently, there is
increased recognition that chemotherapy can modulate the
tumor immune micro environment effecting cancer cell
death using immunostimulatory mechanisms (8). Cancer
cell death induced by chemotherapy leads to an abnormal
accumulation of cellular and genetic material prompting
pattern recognition receptors (PRRs) on antigen-presenting
cells (APCs) to recognize a danger signal and recruit the
adaptive immune system to enact immunogenic tumor cell
death. Chemotherapeutic drugs can also interact directly
with the host immune system causing lymphodepletion
with subsequent immune system renewal, depletion of
immunosuppressive cells [including regulatory T-cells
(Treg)], and activation of immune effector cells (including
cytotoxic T-lymphocytes).

Pre-clinical studies of pemetrexed, a common anti-
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folate chemotherapy used in NSCLC, demonstrated that
it enhanced intra-tumoral T cell immune response and
these effects were amplified by combination with PD-L1
antibody (9). Pemetrexed can upregulate PD-L1 expression
in tumor cells (10) and thus seems a very rational choice
for combination therapy with PD-1 inhibitors. A study of
blood samples from patients undergoing paclitaxel-based
chemotherapy demonstrated that there is reduction of
immunosuppressive Treg cells compared to other T cell
subsets as well as increased activation of CD4" and CD8"
T cells (11). Thus, chemotherapy can prime cancer cells to
be more susceptible to concurrent or subsequent immune
checkpoint inhibition.

Clinical results
Chemotherapy combined with pembrolizumab

Based on the above preclinical rationale, various studies
have explored the efficacy of combination chemotherapy
and immunotherapy. In the phase 2 KEYNOTE-021 study
of treatment-naive advanced, non-squamous NSCLC, the
addition of pembrolizumab to carboplatin and pemetrexed
was compared to chemotherapy alone (12). Patients with
all PD-L1 categories, including non-expressors, were
included, with encouraging improvement in response rates
from 29% to 55% with the addition of pembrolizumab
to chemotherapy. Progression-free survival (PFS) was
also improved with the addition of pembrolizumab from
8.9 to 13.0 months. Additionally, the incidence of severe
adverse events and treatment-related deaths was similar
between the two groups. In the pembrolizumab plus
chemotherapy group, response rates were similar for PD-
L1 >1% (54%) versus non-expressors (57%). The follow-up
KEYNOTE-189 double blind phase 3 trial demonstrated
an OS benefit with the addition of pembrolizumab to
chemotherapy versus chemotherapy alone in this same
patient population (4). At 10.8 months of follow-up, the
estimated 12-month OS was 69.2% in the pembrolizumab-
chemotherapy arm versus 49.4% in the placebo-
chemotherapy arm. This survival benefit with the addition
of pembrolizumab persisted across all PD-L1 expression
categories, however, hazard ratios (HRs) progressively
increased with decreasing PD-L1 expression. Based on the
KEYNOTE-189 study, the FDA approved use of frontline
platinum-pemetrexed-pembrolizumab for the treatment of
advanced adenocarcinoma of the lung.

Subsequent to KEYNOTE-189, the KEYNOTE-407
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double-blind phase 3 trial assigned 559 patients with
treatment-naive, metastatic squamous NSCLC to receive
4 cycles of chemotherapy (carboplatin plus paclitaxel or
nanoparticle albumin-bound paclitaxel) plus pembrolizumab
(up to 35 cycles) versus chemotherapy plus placebo (5). Like
KEYNOTE-189, this study demonstrated an OS advantage
with the addition of pembrolizumab to chemotherapy (15.9
versus 11.3 months, P<0.001). This benefit persisted for
PD-L1 non-expressors [HR 0.61, 95% confidence interval
(CI): 0.38-0.98] as well as PD-L1 expression of 1-49% (HR
0.57, 95% CI: 0.36-0.90), but interestingly the significance
was lost with PD-L1 high expressors (HR 0.64, 95% CI:
0.37-1.10). The HRs for PES, on the other hand, were all
statistically significant and did progressively decrease with
increased PD-L1 expression.

Pembrolizumab monotherapy

In the randomized, phase 3 KEYNOTE-042 study, the use
of frontline pembrolizumab monotherapy was compared
to frontline platinum-based chemotherapy doublet (13).
Patients enrolled to this study had EGFR/ALK wildtype,
advanced NSCLC, but unlike KEYNOTE-024, patients
with any PD-L1 expression (e.g., >1%), were randomized.
Initially encouraging survival data emerged from this
large (N=1,274) study, with 47% of the study population
represented by PD-L1 high expressors (much higher than
the 23.2% seen in KEYNOTE-001). For “all comers” in
this study, e.g., any patient with PD-L1 expression >1%, the
median OS in the pembrolizumab monotherapy group was
16.7 versus 13.0 months in the chemotherapy doublet arm
(HR 0.81, P=0.0018). However, in an exploratory subgroup
analysis of PD-L1 1-49% “low expressers”, this survival
benefit disappeared, with median OS of 13.4 months in
the pembrolizumab monotherapy group and 12.1 months
in the chemotherapy doublet group (HR 0.92, 95% CI:
0.77-1.11). These OS data were generated with an average
of 12.8 months of follow-up, therefore, an improved PFS
benefit with immunotherapy might indicate an OS benefit
with longer follow-up. However, the PFS in the PD-L1 low

expression group was similarly non-significant.

Non-pembrolizumab regimens

Atezolizumab is a anti-PD-L1 antibody that has been widely
studied as monotherapy as well as in combination with
chemotherapy. In the IMpower 150 trial, 1,202 patients
with advanced nonsquamous NSCLC were randomized to
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atezolizumab combined with the chemotherapy backbone of
carboplatin and paclitaxel (ACP) versus atezolizumab plus
bevacizumab with chemotherapy (ABCP), or bevacizumab
combined with chemotherapy (BCP) with the ABCP
arm showing superior PFS (8.3 versus 6.8 months, HR
0.62, 95% CI: 0.52-0.74, P<0.001) over BCP as well as
improved OS (19.2 versus 14.7 months; HR 0.78, 95% CI:
0.64-0.96, P=0.02) and this benefit translated to all PD-L1
subgroups (14). IMpower 130 was another study of
atezolizumab in nonsquamous NSCLC with carboplatin
and abraxane as the chemotherapy backbone with
improvement in PFS (7.0 versus 5.5 months; HR 0.64,
95% CI: 0.54-0.77, P<0.0001) as well as OS (18.6 versus
13.9 months; HR 0.79, 95% CI: 0.64-0.98, P=0.033)
with the addition of atezolizumab (15) across all PD-
L1 subgroups. Similarly, in squamous NSCLC patients,
IMpower 131 showed that atezolizumab improved PFS
(6.3 versus 5.6 months; HR 0.72, 95% CI: 0.60-0.85,
P=0.0001), but not OS (14.2 versus 13.5 months; HR
0.88, 95% CI: 0.73-1.05, P=0.16) in combination with
carboplatin plus nab-paclitaxel (16). Analogous to
KEYNOTE-042, IMpower 110 compared single agent
atezolizumab to chemotherapy with improvement in OS in
the high PD-L1 (T'C3/IC3) subgroup but not in the other
PD-L1 subsets but with a favorable safety profile (17).

The Checkmate 9LA trial demonstrated a similar
synergism between chemotherapy and immunotherapy in
metastatic NSCLC. Compared to 4 cycles of chemotherapy,
2 cycles of chemotherapy plus ipilimumab and nivolumab
significantly improved OS with a HR of 0.69 (95%
CI: 0.55-0.87, P=0.0006) (18). This survival benefit
was independent of initial tumor PD-L1 expression,
highlighting the importance of chemotherapy-induced
tumor cell immunogenicity.

In summary, the majority of chemoimmunotherapy trials
have demonstrated clear superiority over chemotherapy
with improvement of OS in the PD-L1 1-49% group.
In contrast, single agent immunotherapy did not provide
an OS benefit over chemotherapy in the PD-L1 1-49%
group. As the comparator arm in all the trials has been
chemotherapy, there has been no formal comparison
between chemoimmunotherapy and immunotherapy.
Pathak et al performed a network meta-analysis including
10 phase 3 randomized controlled trials (RCTs) with a
total of 7,218 patients and reported that there was no OS
advantage for chemoimmunotherapy over immunotherapy
in the PD-L1 1-49% group (19). However, they included
multiple treatment regimens in the chemo-immune-
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checkpoint inhibitor (ICI) group including platinum
doublets with atezolizumab, which has not shown OS
benefit (16). Further, prospective data are clearly needed
to determine the efficacy of pembrolizumab monotherapy
versus chemoimmunotherapy in treatment naive patients
with advanced, NSCLC with PD-L1 expression of 1-49%
and no EGFR/ALK mutations. The National Cancer
Institute is currently recruiting patients to a phase III trial
(NCT03793179) to determine the optimal sequencing of
pembrolizumab monotherapy and chemoimmunotherapy,
although patients with an Eastern Cooperative Oncology
Group performance status (ECOG-PS) of >2 are notably
excluded (20).

Special considerations

Hyperprogression is a unique pattern of response seen more
commonly with immunotherapy where there is a paradoxical
acceleration of tumor growth during and potentially in
response to cancer-directed treatment. In a multicenter
cohort study of 406 patients with advanced, NSCLC
receiving PD-1/PD-L1 inhibitors, Ferrara et al. reported
a 13.8% rate of hyperprogression which was associated
with a significantly worse OS when compared to disease
progressing at slower rates (3.4 versus 6.2 months, P<0.003).
The study also evaluated 59 patients with advanced NSCLC
receiving single agent chemotherapy and found that only
5.1% of these patients demonstrated hyperprogression (21).
Interestingly, many of the randomized trials comparing
single agent immunotherapy to chemotherapy show early
worsening in the immunotherapy arm with eventual
crossing over suggestive of a hyperprogressive effect (22).
While the molecular and clinical factors associated with
hyperprogression are not clearly defined, experts have
suggested that combination chemoimmunotherapy may be
an effective way to abrogate hyperprogression (22).

Additionally, in metastatic NSCLC, we would strongly
advocate giving the best treatment first and not to reserve
therapy. In the KEYNOTE-042 trial, 49% of the patients
receiving pembrolizumab and who had progressed did not
receive subsequent therapy (13). In the real world, these
numbers may be even smaller with potentially only one
third of patients able to get second line therapy (6).

Toxicities

While the mechanism of action of chemotherapy and
immunotherapy is synergistic, fortunately, they have
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minimal overlapping toxicities. KEYNOTE-407 and
-189 both demonstrated an increase in efficacy without a
significant increase in the overall grade >3 adverse events
with the addition of pembrolizumab to chemotherapy. For
example, in KEYNOTE-407, 69.8% of the patients in
pembrolizumab and chemotherapy combination arm had
grade 3 or higher adverse events compared to 68.2% in the
chemo combination arm. However, 19.4% of participants
receiving chemoimmunotherapy had to discontinue some
component of their treatment due to grade 3 or higher
toxicity, nearly twice the rate of discontinuation of a
treatment for the same grade toxicities in the chemotherapy-
placebo group (10.4%). Hepatitis occurred in 1.8% of
patients receiving chemoimmunotherapy, and all cases were
grade 3 or higher. This is in comparison to no patients
developing hepatitis in the chemotherapy- placebo group of
KEYNOTE-407, and no patients developing hepatitis in the
pembrolizumab monotherapy group of KEYNOTE-024.

Similarly, in KEYNOTE-189, 67.2% of patients receiving
pembrolizumab and chemotherapy experienced grade 3 or
higher adverse events compared to 65.8% in the placebo
combination arm. However, 20.0% of participants receiving
chemoimmunotherapy had to discontinue some component
of their treatment due to grade 3 or higher toxicity, nearly
twice the rate of discontinuation of a treatment for the
same grade toxicities in the chemotherapy group (10.9%).
A unique toxicity of the pembrolizumab and pemetrexed
combination is nephritis. Although kidney injury caused by
pemetrexed is typically an acute tubular necrosis as compared
to the acute interstitial nephritis caused by immunotherapy,
the combination of these two therapies increased the rates of
acute kidney injury from 0.5% in the chemotherapy-placebo
arm to 5.2% in the chemoimmunotherapy arm. These rates
are also higher than the rate of acute kidney injury reported
in the pembrolizumab monotherapy arm of KEYNOTE-24,
which was 1.9% (23).

In contrast, other chemotherapy combinations, for
example platinum doublet plus bevacizumab (24), have
synergism that comes with a cost of a significant increase
in adverse events. Thus, compared to other chemotherapy
combinations, the addition of pembrolizumab to platinum-
doublet has quite a favorable benefit to risk ratio and shows
improved patient reported outcomes over chemotherapy with
superior quality of life scores after 21 weeks of therapy (25).

Conclusions

In summary, there is strong biologic rationale that
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chemotherapy can modulate the immune system increasing
tumor cell immunogenicity and rendering it more
susceptible to immunotherapy. Multiple clinical trials have
demonstrated the robust synergy between immunotherapy
and chemotherapy with increased overall response rate
(ORR), PES and OS, while pembrolizumab monotherapy
has offered no clear survival advantage over chemotherapy
for treatment naive advanced NSCLC with PD-L1
expression of 1-49%. For this group of low-expressing PD-
L1 NSCLC, the immune environment of the tumor cell is
relatively “cold” compared to the more immunogenic PD-
L1 >50% group and chemotherapy is a vital step needed to
prime the response to immunotherapy. Additionally, in the
real world, many advanced NSCLC patients are unable to
receive second line therapy and hence, access to effective
combination treatment without compromising safety is
essential for improving outcomes. Therefore, we conclude
that combination chemoimmunotherapy should be the first-
line treatment of choice in all eligible EGFR/ALK wild
type advanced NSCLC patients with PD-L1 TPS of 1-49%.
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