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ABSTRACT

Introduction: Patients with oligometastatic NSCLC benefit
from locally ablative therapies (LAT); the role of adjuvant
systemic therapies, however, remains less clear. In a single-
arm, phase II clinical trial, we found that patients with oli-
gometastatic NSCLC treated with a year of pembrolizumab
after LAT had superior progression-free survival (PFS)
compared with a historical control cohort. Herein, we pre-
sent long-term follow-up on PFS and overall survival (OS).

Methods: From February 1, 2015, to September 30, 2017,
45 patients with synchronous or metachronous oligometa-
static (�4 metastatic sites) NSCLC treated with LAT to all
sites received adjuvant pembrolizumab every 21 days for
up to 16 cycles. The primary efficacy end point was PFS
from the start of pembrolizumab. Secondary end points
included OS and safety. Median duration of follow-up was
66 months, and data cutoff was December 1, 2022.

Results: A total of 45 patientswere enrolled and treatedwith
pembrolizumab after LAT (median age, 64 y [range, 46–82];
21 women [47%]; 31 with a solitary oligometastatic site
[69%]). At the data cutoff, 32 patients had progressive dis-
ease, 19 patients had died, and 13 patients had no evidence of
relapse. Median PFS was 19.7 months (95% confidence in-
terval: 7.6–31.7 mo); median OS was not reached (95%
confidence interval: 37.7 mo–not reached). OS at 5 years was
60.0% (SE, 7.4%).Metachronous oligometastatic diseasewas
associated with improved OS and PFS through Cox propor-
tional hazard models.

Conclusions: Pembrolizumab after LAT for oligometastatic
NSCLC results in promising PFS and OS with a tolerable
safety profile.
Copyright � 2024 by the International Association for the
Study of Lung Cancer. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction
Despite significant advances in therapy, NSCLC re-

mains a leading cause of cancer-related mortality.1 Oli-
gometastatic disease is defined by the presence of a
limited number of systemic metastatic disease sites and
is increasingly recognized as a common clinical occur-
rence in patients with NSCLC.2 For example, in early
stage NSCLC, it has been reported that of the patients
who have a relapse, 50% present with oligometastatic
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disease.3 It has been hypothesized that the biology of
oligometastatic disease is distinct from more widespread
metastatic spread and may represent a more indolent
form of metastatic cancer.4 Current care often includes
combining locally ablative therapies (LAT)—radio-
therapy, surgery, ablation—with systemic therapies.
Supporting this approach, multiple phase II randomized
trials have revealed that LAT after systemic therapies
improves progression-free survival (PFS) and overall
survival (OS) in patients with oligometastatic NSCLC
with confirmatory phase III trials underway.5–9 Unfor-
tunately, most patients who receive LAT to all sites of
disease still develop disease progression. Whether there
is a role for further consolidative systemic therapy after
LAT remains unclear.

Immune checkpoint blockade (ICB) has revolution-
ized the treatment of locally advanced and metastatic
NSCLC and has improved both PFS and OS across
numerous trials. In NSCLC, ICB was first introduced in
the second line after failure of platinum-based therapy10

and subsequently moved into the first line after addi-
tional studies revealed improvement in OS compared
with chemotherapy alone.11–13 More recently, ICB after
definitive chemoradiation (PACIFIC)14 and surgery
(IMPOWER010)15 has improved patient outcomes, sup-
porting a role for adjuvant ICB after local therapies.

We previously conducted a single-arm, phase II study
assessing the efficacy of pembrolizumab after LAT for
oligometastatic, with less than or equal to four meta-
static sites, NSCLC. Briefly, after LAT, adjuvant pem-
brolizumab for up to one year resulted in a median PFS
of 18.7 months, which was superior to a historical con-
trol cohort.16 Herein, we report long-term PFS and OS
outcomes, in which, we further explore whether certain
clinicopathologic features are associated with clinical
outcomes.
Materials and Methods
Study Design and Participants

The details of the study design and statistical
methods have previously been published.16 All patients
were enrolled at the University of Pennsylvania
Abramson Cancer Center. Patients with oligometastatic
NSCLC (�4 metastatic sites) who had completed LAT to
all sites of metastatic disease were enrolled. Patients
with oligometastatic disease at initial diagnosis (syn-
chronous) or who developed oligometastatic disease at
least six months after initial definitive therapy (meta-
chronous disease) were eligible. Other eligibility re-
quirements included Eastern Cooperative Oncology
Group performance status 0 to 1, the absence of auto-
immune or immunodeficiency diseases, no prior anti–
PD-1 or anti–PD-L1 therapies, and adequate organ
function. Patients were enrolled regardless of PD-L1
status or the number of prior therapies. The trial was
approved by the institutional review board at the Uni-
versity of Pennsylvania and was conducted per Good
Clinical Practice guidelines. All patients provided written
informed consent.

Treatment
Before the enrollment, patients completed LAT of any

type, including surgery, radiation therapy, and inter-
ventional radiology ablation. Chemotherapy, either in
combination with radiation or as an adjunct to other
forms of LAT, was allowed. Four to 12 weeks after LAT,
patients started intravenous pembrolizumab 200 mg
every 21 days for eight cycles. Patients without evidence
of disease progression after eight cycles of pem-
brolizumab were eligible for an additional eight cycles at
the discretion of the treating physician. PD-L1 staining
was performed on available archival tissue using the
22C3 assay (Dako).

Outcomes and Statistical Analyses
Detailed description of statistical analyses has pre-

viously been reported.16 The primary outcome, PFS, was
defined from the time of pembrolizumab treatment to
disease progression, death, or last patient contact. Sec-
ondary end points included OS, determined by date of
death or censored at last contact, and safety.

Median duration of follow-upwas 66months, and data
cutoff was December 1, 2022. Median PFS and OS were
estimated using the Kaplan-Meier method. Univariate and
multivariate Cox proportional hazard models were used
to estimate the hazard ratios and generate p values for
subgroup analysis. Statistical analyses were performed
using GraphPad software or SPSS software (IBM).

Results
As noted in our initial publication,16 51 eligible pa-

tientswere enrolled in the study fromFebruary 1, 2015, to
September 30, 2017. A total of 45 patients received
adjuvant pembrolizumab. Their baseline characteristics
have been reported.16 Patients received a median of 11
cycles of pembrolizumab, and 18 patients (40%) received
16 cycles of pembrolizumab (Supplementary Fig. 1).

At the data cutoff for this updated analysis
(December 1, 2022), the median duration of follow-up
was 65.8 months; 32 patients had progressive disease
(PD), 19 patients had died, and 13 patients had no evi-
dence of relapse (Supplementary Table 1). Median PFS
after the start of pembrolizumab was 19.7 months (95%
confidence interval [CI]: 10.8–28.5 mo) (Fig. 1A). Median
OS was not reached (NR) (95% CI: 37.7 mo–NR)
(Fig. 1B). Survival at 5 years was 60.0% (SE, 7.4%)
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Figure 1. PFS and OS. (A) PFS and (B) OS from the start of pembrolizumab therapy. Shaded areas represent the 95% CI. Data
cutoff was December 1, 2022. CI, confidence interval; NR, not reached; OS, overall survival; PFS, progression-free survival.
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Figure 2. OS following disease progression. OS of patients
following disease progression. Shaded areas represent the
95% CI. n ¼30. CI, confidence interval; NR, not reached; OS,
overall survival.

June 2024 Pembrolizumab for Oligometastatic NSCLC 3
(Fig. 1B). Of the patients with PD, 94% received further
therapy with seven patients receiving further ICI
(Supplementary Table 1). Salvage therapies and the
disease status of all patients are summarized in
Supplementary Table 1. Median OS after progression
was 39.7 months (95% CI: 13.1 mo–NR) (Fig. 2).

In our initial report, no clinicopathologic featureswere
significantly associated with PFS although metachronous
oligometastatic disease and positive PD-L1 status trended
with improved PFS.16 Herein, we performed updated
univariate analyses to assess whether metachronous dis-
ease, nodal status, the presence of central nervous system
(CNS) disease, the number of oligometastatic metastatic
sites, or PD-L1 status was significantly associated with
clinical outcomes as these features have been linked to
clinical outcomes in oligometastatic disease.17We found a
significant association between PFS and OS in patients
with metachronous versus synchronous oligometastatic
(OS hazard ratio [HR], 2.52 [95% CI: 1.03–6.18]; PFS HR,
3.09 [95% CI: 1.45–6.52]) (Table 1). We did not find an
association between survival outcomes and PD-L1 status;
however, PD-L1 data were only available for 24 patients.
The presence of CNS metastasis, nodal status, or the
number of oligometastatic lesions was not significantly
associated with PFS or OS (Table 1). Multivariate analyses
including metachronous versus synchronous oligometa-
static disease, nodal status, the presence of CNS metas-
tasis, and the number of oligometastatic lesions identified
a significant association between metachronous oligo-
metastatic NSCLC and PFS (HR, 3.09 [95% CI: 1.45–6.52])
and OS (HR, 2.82 [95% CI: 1.09–7.36]) (Supplementary
Table 2). In addition, there was a nonsignificant trend
for fewer metastatic lesions correlating with improved
outcomes (Supplementary Table 2). Finally, no adverse
events were observed aside from those previously
reported.16
Discussion
Our previous findings, to our knowledge, were the

first to describe the potential role of ICB after LAT for
oligometastatic NSCLC. These updated PFS and OS re-
sults again point to the potential benefit of con-
solidative ICB for oligometastatic NSCLC definitively
treated with LAT. Although difficult to compare out-
comes across trials, both the PFS and OS of our patient
cohort are longer compared with prior long-term
follow-up of patients who received LAT alone for oli-
gometastatic disease.6 Moreover, OS after progression
was similar to previous reports6 suggesting that pem-
brolizumab after LAT did not merely delay time to
progression. Adjuvant ICB improves patient outcomes
after definitive chemoradiation (PACIFIC)14 and sur-
gery (IMPOWER010)15; our findings further support
consolidative ICB when given to patients with NSCLC in
a minimal disease state.



Table 1. Univariate Analysis of Progression-Free Survival and Overall Survival

Clinicopathologic Parameter
No. of
Patients

Progression-Free Survival Overall Survival

HR (95% CI) p Value HR (95% CI) p Value

Metastases
Metachronous 31 1 [Reference] 0.002 1 [Reference] 0.04
Synchronous 14 3.19 (1.51–6.64) 2.52 (1.03–6.18)
CNS metastases
No 29 1 [Reference] 0.15 1 [Reference] 0.3
Yes 16 1.70 (0.80–3.46) 1.60 (0.64–3.86)
No. of metastatic lesions
1 31 1 [Reference] 0.12 1 [Reference] 0.04
>1 14 1.79 (0.84–3.66) 2.48 (1.00–6.02)
Nodal status
N0, N1 29 1 [Reference] 0.58 1 [Reference] 0.63
N2, N3 16 1.23 (0.58–2.48) 1.25 (0.47–3.12)
PD-L1 status
Positive (�1%) 11 1 [Reference] 1 [Reference]
Negative (<1%) 13 1.58 (0.62–4.31) 0.35 0.96 (0.18–5.18) 0.96
Unknown 21 1.71 (0.71–4.53) 0.25 3.93 (1.26–17.21) 0.03

CI, confidence interval; CNS, central nervous system; HR, hazard ratio; PD-L1, programmed death-ligand 1.
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An important question in the management of oligo-
metastatic disease is identifying specific patients who
would benefit from further therapies as oligometastatic
NSCLC includes a mix of diverse phenotypes with
different underlying biology.2 In addition, a recent meta-
analysis of oligometastatic NSCLC found that LAT
benefited patients across different oligometastatic sub-
types, albeit to varying degrees.18 Consistent with prior
reports,17 we found that patients with synchronous
metastatic disease had inferior outcomes compared with
those with metachronous disease. Furthermore, patients
with fewer metastatic lesions had nonsignificant trends
for improved clinical outcomes. Whether consolidative
ICB affects patient outcomes differently across the sub-
types of oligometastatic NSCLC is not known, and the
addition of stratification based on subtype should be
considered in future trials.

These results are subject to numerous limitations.
First, and most notably, this single-arm study is unable
to formally reveal an improvement in PFS or OS using
pembrolizumab after LAT compared with LAT alone.
Although our study compares favorably to published
reports, a potential explanation for the clinical outcomes
observed could be due to the intrinsically favorable
prognosis of the patient population specific to this study.
To truly reveal the benefit of adjuvant pembrolizumab, a
randomized, phase III clinical trial comparing LAT com-
bined with pembrolizumab versus LAT alone would be
necessary. Second, oligometastatic NSCLC is a heteroge-
neous disease with the most recent European consensus
definition describing nine subtypes,2 making compari-
sons across trials difficult. Finally, our trial opened in
2015 before first-line immunotherapy was the standard
of care for patients with locally advanced and metastatic
NSCLC, and we investigated a unique patient population
that was naive to anti–PD-(L)1 therapies. In current
practice, many patients with oligometastatic disease
would have received anti–PD-(L)1 therapies earlier in
their disease course; thus, the exact role of pem-
brolizumab in these patients as part of retreatment post-
LAT is unclear given contemporary patient treatment
practices.

In summary, pembrolizumab after LAT resulted in
impressive PFS and OS compared with reports in the
literature, with an acceptable toxicity profile. This
approach warrants further investigation with a ran-
domized clinical trial.
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