
PRECISION MEDICINEoriginal
reports

Tumor Response Dynamics During First-Line
Pembrolizumab Therapy in Patients With
Advanced Non–Small-Cell Lung Cancer
Mizuki Nishino, MD, MPH1,2; Fangxin Hong, PhD3; Biagio Ricciuti, MD4; Hiroto Hatabu, MD, PhD1,2; and Mark M. Awad, MD, PhD4

abstract

PURPOSE The objectives of the study were to characterize the tumor burden dynamics on serial computed
tomography scans in patients with advanced non–small-cell lung cancer treated with first-line pembrolizumab
and to identify imaging markers for prolonged overall survival (OS).

MATERIALS AND METHODS Eighty-eight patients treated with first-line pembrolizumab monotherapy were
evaluated on serial computed tomography scans to characterize their quantitative tumor burden during therapy.
Tumor burden dynamics were studied for the association with OS.

RESULTS The overall response rate was 42% (37/88), with the median tumor burden changes at the best overall
response of −18.3% (range, −100.0% to +103.6%). Response rates were higher in men than in women
(P = .05) and in patients with higher programmed cell death ligand-1 expression levels (P = .02). Tumor burden
stayed below the baseline burden throughout therapy in 55 patients (63%). In an 8-week landmark analysis,
patients with tumor burden below the baseline burden during the first 8 weeks of therapy had longer OS
compared with patients who had ≥ 0% increase (median OS, 30.7 v 16.2 months; hazard ratio [HR] = 0.44;
P = .01). In the extended Cox models, patients whose tumor burden stayed below the baseline burden
throughout therapy had significantly reduced hazards of death (HR = 0.41, P = .003, univariate; HR = 0.35,
P = .02, multivariate). Only one patient (1.1%) experienced pseudoprogression with initial tumor increase and
subsequent tumor regression.

CONCLUSION In patients with advanced non–small-cell lung cancer treated with first-line single-agent pem-
brolizumab, tumor burden reduction below the baseline burden during therapy was an independent marker for
prolonged OS, which may serve as a practical guide for treatment decisions.

JCO Precis Oncol 5:501-509. © 2021 by American Society of Clinical Oncology

INTRODUCTION

With the recent remarkable advances in clinical ap-
plications of immune-checkpoint blockade for ad-
vanced cancer, programmed cell death-1 (PD-1) and
programmed cell death ligand-1 (PD-L1) inhibitors
have become a major treatment option for patients
with advanced non–small-cell lung cancer (NSCLC).1-7

Among the immune-checkpoint inhibitors (ICIs) for
advanced NSCLC, pembrolizumab (PD-1 inhibitor)
was the first agent that received approval as the first-
line monotherapy for NSCLC in 2016, for patients
whose tumors demonstrate≥ 50%PD-L1 expression.7

Pembrolizumab was later approved as the first-line
therapy in combination with platinum doublet che-
motherapy for advanced NSCLC, regardless of PD-L1
expression levels.8,9 The indication of the first-line
pembrolizumab monotherapy was further expanded
in 2019 and now includes unresectable stage III or
metastatic NSCLC with ≥ 1% PD-L1 expression but
without EGFR or ALK genomic aberrations.10 With

these recent developments, first-line pembrolizumab
therapy has clearly become one of the mainstays of
systemic therapy for patients with advanced NSCLC.

Objective response evaluations using serial computed
tomography (CT) imaging have been a topic of interest
in patients treated with ICI because of unique
mechanism of action of these agents. Several char-
acteristic patterns of immune-related response and
tumor burden dynamics have been described, in-
cluding pseudoprogression, hyperprogression, and
durable stability of tumor burden.2,11-19 Although PD-
L1 expression on tumor cells by immunohistochem-
istry is used as a baseline biomarker to predict tumor
response to PD-1 and PD-L1 inhibitor monotherapy in
patients with advanced NSCLC, it has limitations
particularly as a marker to guide treatment modifica-
tions during therapy. Practically, the decision to
change therapy is based on the assessment of tumor
burden changes on serial imaging, referring to the
criteria defined in RECIST guidelines.20-22 However,
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RECIST has a limited value to guide treatment decisions at
tumor progression, especially in patients treated with novel
therapies including molecular-targeting agents and ICI who
may be having therapeutic benefit beyond RECIST
progression.18,23-25

To supplement limitations of current strategy and better
guide treatment decisions during ICI therapy, longitudinal
tumor burden dynamics on serial CT scans during ICI
therapy have been previously studied in patients with ad-
vanced melanoma treated with pembrolizumab and in
advanced NSCLC who received PD-1 inhibitors after pre-
vious treatment and has shown to provide quantitative
markers for treatment benefit and prolonged survival.14,15,26

The purpose of the present study is to characterize the
tumor burden dynamics on serial CT scans during the first-
line pembrolizumab monotherapy for patients with ad-
vanced NSCLC and to identify markers for prolonged
survival that can provide objective guides for treating
physicians.

MATERIALS AND METHODS

Patients

The study cohort consisted of 88 patients with advanced
NSCLC treated with the first-line pembrolizumab mono-
therapy at our institution, who had baseline CT scans before
the initiation of therapy, demonstrating at least one mea-
surable lesion by RECIST1.1, and had at least one follow-up
CT scan during therapy available for review. The medical
records and imaging studies were retrospectively reviewed
in these patients who had consented to a correlative re-
search study approved by the institutional review board.

Tumor Measurements and Response Evaluations

Baseline and all follow-up CT scans during therapy were
retrospectively reviewed by a board-certified radiologist (M.N.)
to quantify tumor burden changes using RECIST1.1.20-22

Other imaging studies such as brain magnetic resonance
imaging and positron emission tomography-CT scans were
also reviewed to identify new lesions and assess nontarget
lesions.27 One observer performed the serial measurements
because high interobserver agreements of the RECIST1.1
measurements have been previously reported.28,29 Response
assessment categories were assigned at each follow-up scan,
and the best overall response (BOR) was assigned according
to RECIST1.1, using the BOR at or before RECIST-PD.
Maximal tumor shrinkage at BOR was obtained in refer-
ence to the baseline tumor burden. RECIST1.1 was used
because it has been the primary response criteria used for the
published trials of PD-1 inhibitors.2,7,30 However, to capture a
minority of patients with atypical responses, tumor mea-
surements using RECIST1.1 were continued on serial scans
beyond RECIST-PD while the patients are on therapy.14,16,18

Statistical Analysis

Comparison across groups was performed using a Fisher’s
exact test and chi-square test for categorical variables, chi-
square trend test for ordinal outcome, and a Kruskal-Wallis
test for continuous variables. Spider plots of the tumor
burden changes throughout therapy for all patients were
generated to visually demonstrate tumor burden dynamics
during therapy and evaluate the characteristics in this
cohort.14,15 Overall survival (OS) was estimated using the
method of Kaplan-Meier.

The 8-week conditional landmark analyses were performed
to assess relationships between OS and tumor burden
dynamics during the first 8 weeks of therapy. Extended Cox
models with time-dependent covariates were used to
evaluate associations between OS and tumor burden dy-
namics throughout therapy. Multivariable Cox models were
used to adjust for clinical variables and potential con-
founders. All P values are based on a two-sided hypothesis.
A P value of , .05 was considered to be significant.

CONTEXT

Key Objective
Approval of first-line pembrolizumab has brought another paradigm shift in treatment approaches for advanced non–small-

cell lung cancer (NSCLC). The present study characterized quantitative tumor burden dynamics in patients with advanced
NSCLC treated with first-line pembrolizumab monotherapy using serial computed tomography scans.

Knowledge Generated
Tumor burden staying below the baseline burden throughout therapy, noted in 55 patients (63%), was significantly associated

with prolonged overall survival and thus may serve as an objective marker for treatment benefit that can guide therapeutic
decisions. Pseudoprogression was noted in one patient (1.1%), confirming the rarity of the phenomenon when using
programmed cell death-1 inhibitor monotherapy for advanced NSCLC.

Relevance
The study provided a unique threshold on the basis of tumor burden dynamics for monitoring of first-line pembrolizumab

monotherapy in patients with advanced NSCLC, which can be further validated in prospective cohorts as a practical
imaging marker for treatment benefit and survival.
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RESULTS

Tumor Response Characteristics in First-Line

Pembrolizumab Therapy

Table 1 summarizes the demographics and clinicopatho-
logic characteristics of 88 patients with advanced NSCLC
treated with first-line single-agent pembrolizumab. Among
the 88 patients, the median age was 67 years, 46 patients
(52%) were male, 82 (93%) were current or former
smokers, and 69 (78%) had adenocarcinoma. A median
follow-up time was 26.4 months for the study patient
population.

Median tumor burden change in reference to baseline at
the BOR as −18.3% (range, −100.0% to +103.6%) (Fig 1).
Response rate was 42% (37/88), and all responders had

partial response (PR) as their BOR. One patient
had −100% tumor shrinkage for the target lesions but had
persistent nontarget lesions, resulting in PR as BOR. BOR
in the remaining patients was stable disease in 33 patients
(37.5%) and was progressive disease (PD) in 18 patients
(20.5%).

Clinical characteristics of 37 responders and 51 nonre-
sponders are also shown in Table 1. Male patients were
more likely to respond to therapy than female patients
(response rate, 52% [24/46] v 31% (13/42), respectively;
P = .05). Other clinical characteristics including age, race,
smoking history, histology, and performance status showed
no significant differences between responders and non-
responders. PD-L1 expression levels were available in 84

TABLE 1. Demographics and Clinicopathologic Characteristics of the 88 Patients
Characteristic All Patients (N = 88) Responder (n = 37) Nonresponder (n = 51) P

Age, y

Median (range) 67 (46-92) 66 (46-92) 68 (47-91) .78

Sex

Male 46 24 22 .05

Female 42 13 29

Race

White 76 30 46 .34

Black 4 4 0

Asian 5 1 4

Other 3 2 1

Smoking

Never 6 2 4 1.00

Former/current 82 35 47

Histology

Adenocarcinoma 69 27 42 .27

Squamous 12 6 6

Other 7 4 3

ECOG PS

0 or 1 73 30 43 .77

≥ 2 15 7 8

PD-L1 expressiona

≥ 90% 34 19 15 .02b

, 90%, ≥ 50% 40 14 26

1%-49% 10 2 8

Unknown 4 2 2

Mutational load (mutations/Mb)a

≥ 10 31 13 18 .80

, 10 36 14 22

Unknown 21 10 11

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed cell death ligand-1.
aPatients with missing data are excluded if any.
bChi-square trend test for 84 patients with available PD-L1 expression data. P = .06 for chi-square test.
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patients. In these patients, higher levels of PD-L1 ex-
pression were associated with higher response rates (56%
[19/34] in ≥ 90% group, 35% [14/40] in 50%-90% group,
and 20% (2/10) in , 50% group; P = .02). The tumor
mutational load (number of mutations/Mb) was available in
67 patients, with the median mutational load of 9.89. In the

67 patients, the mutational load was not associated with
response rates either as a continuous variable (P = .19) or
in groups dichotomized at the mutation load of 10 on the
basis of the median value in this cohort (P = .80).

Tumor Burden Dynamics and the Association With OS

Tumor burden dynamics during the first-line therapy using
single-agent pembrolizumab are demonstrated in a spider
plot (Fig 2). Tumor burden stayed below the baseline
burden throughout therapy in 55 patients (63%). Twelve of
the 55 patients experienced PD by RECIST1.1 during
therapy though their tumor burden stayed below the
baseline burden because RECIST-PD can be reached
with ≥ 20% and ≥ 5 mm increase compared with the nadir
(the smallest tumor burden since therapy initiation) even if
the tumor burden remains below the baseline burden.

On the basis of the visual inspection of the spider plot,
tumor burden below the baseline burden (, 0% increase)
was further studied for the association with prolonged OS,
using an 8-week landmark analysis and extended Cox
models, as previously published.14,15 The 8-week landmark
time point was chosen because it has been previously used
as the landmark time point for survival markers in advanced
NSCLC patients treated with PD-1 inhibitors and with other
molecular targeting agents.14,31-33 After excluding three
patients with survival time shorter than 8 weeks, 85 patients
were studied in the landmark analysis. Among them, 34
patients had first disease assessment after 8 weeks. First
analysis including these 34 patients in the group whose
tumor burden stayed below the baseline burden during the
first 8 weeks of therapy, which was shown to have longer OS
compared with 19 patients who had ≥ 0% increase in
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FIG 1. Waterfall plot of the maximal tumor burden changes relative to the baseline burden. One patient (#) experienced an initial tumor increase
meeting the criteria for PD followed by tumor shrinkage of ≥ 30% decrease compared with the baseline (pseudoprogression). One patient achieved a
100% decrease of the target lesions (*); however, the nontarget lesions did not disappear completely and thus had partial response as the best overall
response. One patient had +103.6% increase of tumor burden at best overall response (>) that is beyond the maximum value of the y axis in the
graph. BOR, best overall response.
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FIG 2. Spider plot of tumor burden changes during the first-line
pembrolizumabmonotherapy. The spider plot visually presents the
tumor burden dynamics in 88 patients treated with the first-line
pembrolizumab monotherapy. Fifty-five patients whose tumor
burden stayed below the baseline burden (, 1.0 or , 0% in-
crease) had longer survival compared with others who had ≥ 0%
increase in tumor burden in the subsequent analyses. One patient
demonstrated an initial tumor burden increase meeting the criteria
for RECIST progression followed by tumor shrinkage, representing
pseudoprogression with subsequent tumor response (black line
indicated by a black arrow).
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tumor burden by 8 weeks of therapy (median OS, 30.7 v
16.2 months; hazard ratio [HR] = 0.44; P = .01) (Fig 3).
Second analysis, excluding the 34 patients without re-
sponse assessment in the first 8 weeks and thus including a
subset of 54 patients who had first tumor measurement
within 8 weeks, provided a similar result (median OS not
reached v 16.2 months, HR = 0.37, P = .01).

The extended Cox models with time-dependent covariates
included all 88 patients, who were initially classified in
the , 0% increase group. Any patient who experienced
≥ 0% increase in tumor burden was reclassified into
the≥ 0% increase group at that time during therapy. Patients
whose tumor burden stayed below the baseline burden
(, 0% increase) throughout therapy had significantly re-
duced hazards of death compared with those who experi-
enced tumor burden increase ≥ 0% from baseline burden at
any time point during therapy (HR = 0.41, P = .003) for the
univariate analyses. Multivariate analyses were performed
accounting for other significant variables in univariate ana-
lyses, including age, Eastern Cooperative Oncology Group
performance status, and PD-L1 expression levels. The tumor
burden staying below baseline (, 0% increase) during
therapy remained as a significant predictor of prolonged OS
(HR = 0.35, P = .02), after adjusting for these variables
(age. 70, HR = 1.95,P = .05, Eastern Cooperative Oncology
Group performance status ≥ 2, HR = 1.87, P = .12, PD-L1
expression levels, 50%-90%, HR = 0.94, P = .88 ≥ .90%,
HR = 0.49, P = .13, in reference to , 50%), indicating that
tumor burden staying below the baseline burden is an in-
dependent predictor of prolonged OS during the first-line
pembrolizumab therapy for patients with advanced NSCLC.

Incidence of Pseudoprogression

Of the 88 patients, one patient experienced an initial in-
crease of tumor burden ≥ 20% and ≥ 5 mm from the
baseline meeting the criteria for PD, which was followed by
tumor burden decrease below the threshold for RECIST-PR
(≥ 30% decrease compared with the baseline) noted on
more than two consecutive scans, demonstrating pseu-
doprogression (Fig 4).

DISCUSSION

Tumor burden dynamics in advanced NSCLC patients
treated with the first-line pembrolizumab monotherapy
were characterized in the present study using the quan-
titative assessments on serial CT scans. Tumor burden
staying below the baseline burden (, 0% increase) during
therapy was associated with longer OS, indicating that it can
serve as a marker for treatment benefit and prolonged
survival in these patients. The results can help to provide an
objective guide when to continue therapy and when to
consider alternative or additional therapy in patients un-
dergoing the first-line pembrolizumab monotherapy.

The overall response rate was 42% by RECIST and was
similar to the response rate of a phase III trial of the first-line
pembrolizumab monotherapy for advanced NSCLC, which
showed 44.8% response rate in patients with≥ 50%PD-L1
expression.7 Most patients (74/88, 84%) in the present
cohort had the PD-L1 expression level of ≥ 50%, repre-
senting a relatively well-selected cohort using PD-L1 ex-
pression level as a biomarker. The median tumor burden
change was −18.3% at best response, reflecting the rel-
atively high response rate and confirming that the PD-L1
expression level-based selection can contribute to generate
a good degree of tumor shrinkage from pembrolizumab
therapy. Men were more likely to have response than
women; however, the significance was marginal (P = .05).
Smoking history was not associated with response rates,
likely because most patients in the cohort were smokers
(82/88, 93%).

Higher PD-L1 expression levels were associated with higher
response rates, as expected and in concordance with the
results in the published trials of first-line pembrolizumab
therapy.7,10 On the other hand, the tumor mutational load
was not associated with response to therapy; however, the
mutational load data were not available in all patients in this
retrospective cohort, and thus, the association is tested in a
subcohort of patients (n = 67; 76%) who had their tumor
mutational load evaluated.

The spider plot was generated on the basis of the quan-
titative evaluation on serial CT scans to visually demonstrate
tumor burden dynamics during therapy as in the previous
studies,14,15,26 providing further insights for immune-related
response patterns for the cohort. On the basis of the visual
inspection of the spider plot, it was hypothesized that the
patients whose tumor burden stayed below the baseline
burden (, 0% increase), which accounted for about two
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FIG 3. Kaplan-Meier estimates of OS of patients dichotomized by
tumor burden changes at the 8 weeks as the landmark time point.
Of 85 patients who were eligible for the 8-week landmark analysis,
66 patients whose tumor burden stayed below the baseline
burden (, 0% increase) during the first 8 weeks of therapy had
longer OS compared with 19 patients who had ≥ 0% increase in
tumor burden by 8 weeks of therapy (median OS: 30.7 v 16.2
months, HR = 0.44, P = .01). HR, hazard ratio; OS, overall
survival.
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thirds of the cohort, may experience prolonged treatment
benefit and have longer OS. Using the 8-week landmark
analysis, tumor burden below the baseline burden (, 0%
increase) in the first 8 weeks of therapy was shown to be
associated with longer OS (HR = 0.44, P = .01), indi-
cating that the threshold can be used as an early
marker for prolonged survival. Moreover, tumor burden
remaining below the baseline burden throughout therapy
was also associated with longer OS in the extended Cox
models with a time varying covariate, using all the CT time
point measurements during therapy, in univariate anal-
ysis (HR = 0.41, P = .003) as well as in multivariate
analyses (HR = 0.35, P = .02) after adjusting for other
significant variables and potential confounders. The re-
sults propose a practical marker for prolonged OS for
patients undergoing first-line pembrolizumab therapy for
their advanced NSCLC, indicating that patients whose
tumor burden staying below the baseline burden can
safely continue therapy with expected survival benefit.
Importantly, 12 of the 55 patients whose tumor burden
stayed below the baseline throughout therapy met the
criteria for RECIST-PD during therapy because RECIST-
PD can be reached by ≥ 20% and ≥ 5 mm increase
compared with the nadir, regardless of whether the tumor
burden is below or above the baseline burden. The re-
sults of the present study may contribute to address the
limitations of RECIST in terms of guiding treatment op-
tions at the time of RECIST-PD.

The threshold of tumor burden staying below the baseline
burden (, 0% increase) was based on the inspection of the
spider plot of the present first-line cohort and was different
from the previous studies that used the similar approach in
advanced melanoma patients treated with pembrolizumab
and in previously treated advanced NSCLC patients treated
with PD-1 inhibitors (nivolumab in 88% and pem-
brolizumab 12%), which used the threshold of , 20%
increase from baseline as a marker for prolonged
survival.14,15 Different thresholds are expected in different
cohorts of patients in different clinical settings (ie, tumor
types, agents, or lines of therapy). For the present cohort
treated with first-line pembrolizumab, patients were better
selected on the basis of the PD-L1 expression levels and
demonstrated more uniform trends of their tumor burden
dynamics, with higher proportion of patients receiving
therapeutic benefits. The threshold of , 20% increase
from baseline was also examined in the present cohort as a
comparison, which was not significant in the 8-week
landmark analysis (HR, 0.75; P = .48), although signifi-
cant in the extended Cox model (HR, 0.51; P = .04) for
prolonged OS, confirming that the threshold below the
baseline burden (, 0% increase) is a better predictive
marker for OS in this cohort receiving first-line
pembrolizumab.

Pseudoprogression was noted in one of 88 patients (1.1%),
who experienced initial tumor burden increase beyond

A B C

FED

FIG 4. A 62-year-old man with lung adenocarcinoma treated with first-line pembrolizumab. Baseline computed
tomography before starting pembrolizumab showed a right lower lobe lung mass contiguous from the hilum,
measuring 5.3 cm (A, arrow). On the initial follow-up scan at 1.5 months of therapy, the tumor measured 6.4 cm
(B, arrow), demonstrating 21% increase compared with the baseline and meeting the criteria for progressive
disease by RECIST1.1. However, the subsequent scans demonstrated tumor shrinkage (C at 4.5 months and D
at 12 months as representative scans), later achieving ≥ 30% decrease compared with the baseline at 14
months of therapy (E) when it measured 3.2 cm (40% decrease since the baseline). Further decrease was noted
on the consecutive follow-up scans at 16 months (F), confirming response. The tumor burden continued to
remain small on the subsequent follow-up scans, and the patient remained progression-free at 21 months of
therapy. Asterisks demonstrate postobstructive atelectasis that is not included in the tumor burden
measurement.
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RECIST-PD threshold followed by subsequent tumor bur-
den decrease below the threshold of RECIST-PR (≥ 30%
decrease compared with the baseline) documented on
multiple follow-up scans. The result further confirms that
pseudoprogression is a very rare event, especially in ad-
vanced NSCLC patients treated with PD-1 inhibitor mon-
otherapy, including the first-line pembrolizumb.14-17,30,34

The observation also support the choice of RECIST1.1 as
the method to characterize tumor burden for this cohort
rather than other modified criteria proposed for immune-
related response evaluations11,26,28,35-37 because the
growing evidence of extremely low incidence of pseudo-
progression indicates the minimal impact of modified as-
sessment for the setting of PD-1 inhibitor monotherapy for
NSCLC.

The limitation of this study includes a retrospective design
with patients treated at a single institution. Tumor muta-
tional load is an important marker but was not available in
all patients in this cohort and thus could not be included as
a variable in the Cox model. However, other variables

including the PD-L1 expression levels were tested in the
model, which represent the practical markers routinely
used in the clinical settings. Imaging markers for survival
benefit described in this study need to be validated in
larger, multicenter prospective cohorts. Further evaluation
using the similar approach can be performed in different
subsets of patients, such as those who are treated with first-
line pembrolizumab in combination with cytotoxic che-
motherapy, to characterize the tumor burden dynamics
and determine the optimal threshold for a prognostic maker
on serial scans in specific subsets of ICI therapy for ad-
vanced NSCLC.

In conclusion, tumor burden staying below the baseline
burden during first-line pembrolizumab monotherapy was
an independent marker for prolonged OS in patients with
advanced NSCLC and may serve as a practical marker for
treatment guidance in these patients, if validated in pro-
spective cohorts. Pseudoprogression was noted in only one
patient (1.1%), confirming the exceedingly low rate of the
phenomenon in NSCLC patients treated with PD-1 inhibitor.
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