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The past two years have been exceptional for pembrolizumab 
in advanced non-small cell lung cancer (NSCLC). The 
publication of KEYNOTE-189 redefined first-line treatment 
with combination chemotherapy and pembrolizumab 
as a new standard-of-care in an unselected population, 
KEYNOTE-042 expanded the United States Food & Drug 
Administration (FDA)’s approval for first-line pembrolizumab 
monotherapy, and KEYNOTE-001 showed the most robust 
five-year overall survival (OS) results ever seen in advanced 
NSCLC, specifically among patients with high programmed 
cell death ligand 1 (PD-L1) expression (Table 1) (1-4). As we 
have suggested previously, KEYNOTE trials have benefited 
from being carefully tailored with preplanned analyses with 

PD-L1 immunohistochemistry (IHC) tumor proportion 
score (TPS) cutoffs using the 22C3 pharmDx assay (Agilent 
Technologies, Carpinteria, CA, USA) (5,6). Yet while these 
trials suggest that PD-L1 TPS ≥50% remains the most 
reliable biomarker for durable response with pembrolizumab, 
what to do with PD-L1 TPS scores less than 50% continues 
to be challenging. Does a 1% difference really change clinical 
outcome?

KEYNOTE-042 attempted to answer this question 
in the case of pembrolizumab monotherapy compared 
to standard chemotherapy (2). Randomizing over 1,200 
patients with PD-L1 TPS ≥1% in 213 medical centers in 32 
countries around the world, it is one of the largest studies 
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Table 1 Overall survival median by PD-L1 22C3 assay cutoffs 

Trial
Overall survival (m, 95% CI)

FU (m)
TPS ≥50% TPS 1–49% TPS <1%

KN-001 (tx naïve) 35.4 (20.3–63.5) 19.5 (10.7–26.3) 60.0

KN-024 30.0 (18.3–NR) 25.2

KN-042 20.0 (15.4–24.9) 13.4 (10.7–18.2) 12.8

KN-189 NR (>20.4) 21.8 (17.7–25.9) 17.2 (13.8–22.8) 18.7

CI, confidence interval; FU, median follow-up; KN, KEYNOTE; m, month(s); NR, not reached; PD-L1, programmed cell death ligand 1; 
TPS, tumor proportion score; tx, treatment.
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of pembrolizumab to date. Its primary endpoint was OS 
with planned analyses of three groups based on PD-L1 
TPS, including ≥50%, ≥20%, and ≥1% cutoffs, requiring 
a split alpha and P value of 0.0122, 0.0120, and 0.0124 to 
meet statistical one-sided significance. Remarkably, the 
study met all of these endpoints—for the ≥50% group, OS 
median was 20.0 months [95% confidence interval (CI), 
15.4–24.9 months] with a hazard ratio for death (HR) of 
0.69 (95% CI, 0.56–0.85); for ≥20%, OS was 17.7 months 
(95% CI, 15.3–24.9 months) with a HR of 0.77 (95% CI, 
0.64–0.92); and for ≥1%, OS was 16.7 months (95% CI, 
13.9–19.7 months) with a HR of 0.81 (95% CI, 0.71–0.93). 
This is impressive, but it should be noted that patients with 
a PD-L1 TPS ≥50% contributed to the favorable profile 
of each evaluated group. The 299 participants treated with 
single-agent pembrolizumab with a PD-L1 TPS ≥50% 
comprised 72.4% of the 413 patients in the ≥20% group 
and 46.9% of the 637 patients in the ≥1% group. 

As an exploratory endpoint, only those with a PD-L1 
TPS 1–49% were evaluated for OS, including 338 treated 
with pembrolizumab and 337 treated with chemotherapy. 
OS was 13.4 months (95% CI, 10.7–18.2 months)  
with pembrolizumab versus 12.1 months with chemotherapy 
(95% CI, 11.0–14.0), which did not meet statistical 
significance with a HR of 0.92 (95% CI, 0.77–1.11). 
Further, progression-free survival (PFS) was not significantly 
different at any TPS cutoff. While PD-L1 TPS ≥50% 
did perform better than ≥20% and ≥1%, median PFS 
was 7.1 months (95% CI, 5.9-9.0 months) versus  
6.4 months (95% CI, 6.1–6.9 months) with a HR of 0.81 (95% 
CI, 0.67–0.99; P=0.0170), which did not meet its prespecified 
P value. PFS was not evaluated in the 1–49%, ≥20%, or ≥1% 
groups as a result. Overall response rate was similarly not 
statistically significant between any arms in any population. 

The discordance of these secondary and exploratory 
endpoints is problematic to KEYNOTE-042’s narrative, 
particularly with respect to the PD-L1 TPS 1–49% 
group, which received the FDA’s PD-L1 expansion 
for pembrolizumab monotherapy. It is unlikely that 
the chemotherapy arm overperformed with an OS of  
12.1 months, which tracks with what we would expect for 
the comparator regimens (7,8). So did pembrolizumab 
underperform? Based on KEYNOTE-001, we would expect 
an OS median of around 18 months in treatment naïve 
patients with a PD-L1 TPS 1–49%, and KEYNOTE-042 
fell short of this mark by over 6 months. For PD-L1 TPS 
≥50%, KEYNOTE-024 had an OS of 30.0 months (95% 
CI, 18.3–not reached), similar to the KEYNOTE-001’s 

OS in treatment-naïve patients of 35.4 months (95% CI, 
20.3–63.5 months), both of which are close to a year longer 
than KEYNOTE-042’s OS median of 20.0 months (95% 
CI, 15.4–24.9 months) (4,9). 

As a possible explanation for pembrolizumab’s lackluster 
KEYNOTE-042 performance, the authors note that unlike 
KEYNOTE-001 and KEYNOTE-024, KEYNOTE-042 
enrolled a higher proportion of patients in east Asia 
(29% vs. 0/13%) (2,4,9). Regional characteristics of 
KEYNOTE-042 support that for both the pembrolizumab 
and chemotherapy groups, east Asian patients comprised 
the largest number of participants in each of the TPS 
categories (29–31%). While this population is known for 
a greater prevalence of epidermal growth factor receptor 
(EGFR) mutations, EGFR and ALK testing were required, 
so it cannot be argued that there was an enrichment for 
patients with poor predictive markers (10-12). Further, 
while some small, retrospective analyses have suggested 
increased toxicity with checkpoint inhibition in east Asian 
populations, there were few dose-limiting toxicities in 
KEYNOTE-042, and toxicity has not been associated worse 
OS (13,14). Yet one other consideration for KEYNOTE-
042’s results as they relate to an east Asian population is 
PD-L1 expression. PD-L1 was assessed at two central 
laboratories, one for China and one for the rest of the 
world. While it is unlikely there were significant differences 
in how the PD-L1 22C3 assay was interpreted, there has 
been one study that has suggested that PD-L1 performs 
differently in east Asian NSCLC patients, noting that 
a TPS cutoff of 50% does not associate with significant 
differences in OS and that a low proportion of east Asian 
smokers may explain the discrepancy (15). KEYNOTE-042 
has more than double the proportion of never-smokers at 
22% compared to 11% in KEYNOTE-001 and 3.2% in 
the pembrolizumab arm of KEYNOTE-024. As smoking 
has been associated with durable benefit in both nivolumab 
and pembrolizumab studies (4,16), this is the most likely 
explanation for KEYNOTE-042’s underperformance. 

The KEYNOTE-042 authors also suggest  that 
differences in crossover could have resulted in OS 
differences. In KEYNOTE-024, 64% of participants in 
the chemotherapy arm ultimately received pembrolizumab, 
while crossover was not permitted in KEYNOTE-042. 
The authors suggest that in KEYNOTE-042 regions, there 
is less availability of and access to therapy, leading only 
20% of the chemotherapy group to receive subsequent 
immunotherapy. While this would likely favor the 
pembrolizumab group, suboptimal treatment may extend 
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to other types of modulating therapies like palliative 
radiation, which has been shown to benefit survival with 
pembrolizumab (17). 

S o ,  d o e s  K E Y N O T E - 0 4 2  c o n v i n c e  u s  t h a t 
pembrolizumab monotherapy in patients with PD-L1 
TPS 1–49% is a comparable alternative to KEYNOTE-
189’s combination? We’d say not. Although cross-trial 
comparisons are frowned upon, KEYNOTE-189’s OS 
median of 21.8 months is comfortably beyond the upper 
confidence limit of KEYNOTE-042’s OS. But what should 
not be missed in KEYNOTE-042’s PD-L1 TPS 1–49% 
group is the notable difference in confidence intervals 
between the chemotherapy and pembrolizumab arms. The 
chemotherapy group had an interval of 11.0–14.0 months 
while pembrolizumab’s was 10.7–18.2 months. Undoubtedly, 
there are individuals benefiting from pembrolizumab in this 
group. And while we ultimately hope to develop biomarkers 
to help us find these individuals among the PD-L1 TPS 
1–49% group, we simply aren’t there yet. 

In this sense, KEYNOTE-042 enabled FDA approval of 
pembrolizumab at any positive level of PD-L1 expression. 
Even though pembrolizumab alone might not be as 
good as pembrolizumab with chemotherapy, in light of 
KEYNOTE-042’s robust safety data with only 9% of 
patients experiencing an event leading to discontinuation 
of treatment and very few treatment-related deaths, there 
is an acceptable risk for a potentially real benefit. While 
the trial did not include patients with borderline ECOGs 
or those who refuse chemotherapy, these patients exist, and 
they are the ones that often slip through the cracks without 
ever receiving treatment. So, while 13.4 months may not 
beat 21.8 months, it more than doubles the 6 months that 
you would expect for someone without any appropriate 
treatment. Thus, while KEYNOTE-042 has not convinced 
us that pembrolizumab monotherapy is more appropriate 
than a combination of chemotherapy with pembrolizumab 
in patients with a PD-L1 TPS 1–49%, it has given us the 
ability to access this agent for those who may otherwise not 
get treatment. 
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