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BACKGROUND: Immune checkpoint inhibitors (ICIs) have shown significant improvements in patients with advanced non– small cell 

lung cancer (NSCLC). One of the major issues with ICIs is determining the optimal treatment duration. METHODS: This multicenter, 

 retrospective study analyzed clinical outcomes in patients with NSCLC who completed 2 years of ICI therapy or were treated for 

more than 6 months and then discontinued ICIs without disease progression at 11 medical centers in Korea between August 2017 and 

December 2020. RESULTS: Ninety- six patients who completed 2 years of ICIs were reviewed. The median durations of treatment and 

follow- up were 24.0 and 33.9 months, respectively. The objective response rate (ORR) was 85.4%. The median progression- free survival 

(PFS) and overall survival (OS) periods were not reached. After completion, the PFS and OS rates were 81.1% and 96.4%, respectively, at 

12 months. Forty- three patients were identified who discontinued ICIs without disease progression: 26 (60.5%) for adverse events and 17 

(39.5%) for other causes. The median durations of treatment and follow- up were 10.5 and 21.2 months, respectively. The ORR was 90.7%. 

The median PFS and OS periods were not reached. After discontinuation, the PFS and OS rates were 71.0% and 90.0%, respectively, at 

12 months. CONCLUSIONS: A significantly high proportion of patients who completed 2 years of ICI therapy continued to experience 

long- term PFS. Even if ICIs are discontinued after 6 months in patients without disease progression, they may achieve a durable response 

and facilitate long- term survival. Cancer 2022;128:778-787. © 2021 The Authors. Cancer published by Wiley Periodicals LLC on behalf of 

American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, 

which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for com-

mercial purposes.

LAY SUMMARY: 

• The optimal treatment duration for immune checkpoint inhibitors (ICIs) remains to be determined.

• This study reports the long- term outcomes of patients with non– small cell lung cancer who completed 2 years of ICI therapy or 

achieved a durable response after the discontinuation of ICIs without disease progression in real- world practice.

• A significantly high proportion of patients who completed 2 years of ICIs continued to experience long- term progression- free 

survival.

• In addition, even if ICIs are discontinued after 6 months in patients without disease progression, they may achieve a durable response 

and facilitate long- term survival. 
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INTRODUCTION
Immune checkpoint inhibitors (ICIs) targeting pro-
grammed cell death protein 1 (PD- 1) or programmed cell 
death ligand 1 (PD- L1) have shown significant improve-
ments in progression- free survival (PFS), overall survival 
(OS), and objective response rates (ORRs) in comparison 
with platinum doublet chemotherapy in patients with 
advanced non– small cell lung cancer (NSCLC) without 
oncogenic driver mutations.1- 3

However, the optimal treatment duration of ICIs re-
mains to be determined. Previous clinical trials have gen-
erally evaluated the use of ICIs for up to 2 years or longer 
in responsive patients. Importantly, some patients per-
sistently respond over time even after discontinuation of 
this therapy, regardless of the reason for discontinuation. 
Several underlying hypotheses can be considered, includ-
ing the idea that, from a pharmacodynamic point of view, 
the receptor occupancy of PD- 1 molecules on circulation 
T cells continues for several months, and an adaptive im-
mune response through memory T cells within the tumor 
microenvironment has developed.4

Recently, long- term follow- up of clinical outcomes 
with ICIs for metastatic NSCLC has been reported, 
and some proportion of patients experience long- term 
OS benefits.5- 9 In the KEYNOTE- 010 trial, 79 of 690 
patients completed 2 years of pembrolizumab therapy, 
and their PFS rates 1 and 2 years after completion were 
72.5% (95% confidence interval [CI], 59.9%- 81.8%) 
and 57.7% (95% CI, 41.2%- 71.0%), respectively.6 Also, 
in the KEYNOTE- 024 trial, 39 patients completed 2 
years of pembrolizumab therapy, and the majority of the 
patients (82%) were still alive at the point of data cutoff at 
approximately 5 years.8 In contrast with these results, in 
the exploratory end point from the CheckMate 153 trial, 
which was a prospective trial associated with the optimal 
duration of ICI treatment, patients who were assessed 
after a 1- year fixed- duration course of nivolumab in terms 
of either partial response (PR) or stable disease (SD) were 
randomized to observation or continuous nivolumab. 
This study showed that the continuous group achieved 
favored results in terms of PFS (24.7 vs 9.4 months; haz-
ard ratio [HR], 0.56; 95% CI, 0.37- 0.84) and OS (not 
reached vs 28.8 months; HR, 0.62; 95% CI, 0.42- 0.92). 
These results suggest that treatment in patients who are 
responsive to ICIs should be continued for more than 1 
year.10 However, because of the small number of patients 
who completed the maximum number of cycles with 
nivolumab or pembrolizumab, the optimal treatment du-
ration of ICIs still remains to be elucidated.

Recently, several retrospective studies have reported 
that patients who discontinue ICIs without disease pro-
gression show long- lasting responses over time even after 
discontinuation of their therapy, regardless of the reason 
for the discontinuation, for several tumors.11- 17 However, 
there are limited real- world data for long- term outcomes 
in patients with NSCLC who have completed 2 years of 
ICI therapy or have achieved a durable response after dis-
continuation without disease progression.

On the basis of these issues, we investigated long- 
term outcomes in patients with NSCLC who completed 
2 years of ICI therapy or achieved a durable response after 
the discontinuation of ICIs without disease progression to 
obtain real- world data.

MATERIALS AND METHODS

Patients
This retrospective, multicenter study (including 11 ter-
tiary referral centers) was conducted by the lung cancer 
committee of the Korean Cancer Study Group. Patients 
with histologically confirmed advanced and/or metastatic 
NSCLC who completed 2 years of ICI therapy (pembroli-
zumab, nivolumab, or atezolizumab) or were treated for 
more than 6 months and then discontinued ICIs without 
disease progression between August 2017 and December 
2020 were identified, and their medical records were re-
viewed. The 2- year treatment cutoff was attributed to the 
reimbursement policy in Korea. This study was approved 
by the institutional review board of each institution as 
required, and the need for informed consent was waived 
because of the retrospective nature of this study.

Treatment and Outcome
Patients received ICIs according to the label after Food 
and Drug Administration approval. The following clinico-
pathologic characteristics were collected for all patients: age, 
sex, Eastern Cooperative Oncology Group performance 
status, smoking history, histology, brain metastasis, epi-
dermal growth factor receptor mutation status, anaplastic 
lymphoma kinase translocation status, PD- L1 immuno-
histochemistry status, type of ICI, treatment line of ICI, 
treatment for adverse events (AEs), and causes of discontin-
uation of ICIs. All patients were evaluated radiologically for 
the clinical outcomes of ORR, PFS, and OS according to 
the Response Evaluation Criteria in Solid Tumors (version 
1.1) through computed tomography or magnetic resonance 
imaging, and AEs were graded with the National Cancer 
Institute’s Common Terminology Criteria for Adverse 
Events (version 4.03) by the investigators.
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Statistical Analyses
The cutoff date for data collection was December 31, 2020. 
Descriptive statistics were used to summarize patient and 
tumor characteristics. Survival analyses were performed 
with the Kaplan- Meier method, and differences were ana-
lyzed with the log- rank test. HRs and corresponding 95% 
CIs were calculated with the Cox proportional hazards 
model. PFS was calculated from the start of ICI treatment 
to the point of either disease progression or death from any 
cause. OS was calculated from the start of ICI therapy to 
the point of death from any cause. All P values were 2- sided, 
and statistical significance was set at P < .05. Statistical anal-
ysis was performed with the Statistical Package for the Social 
Sciences software program (version 25; IBM Corporation, 
Armonk, New York).

RESULTS

Patient Characteristics
We retrospectively reviewed 139 patients with advanced 
NSCLC (including 96 patients who completed 2 years of 
ICI therapy and 43 patients who were treated for more 
than 6 months and then discontinued ICIs without dis-
ease progression) from 11 tertiary referral centers in the 
Republic of Korea. ICI treatment was initiated between 
August 2017 and December 2020. The baseline charac-
teristics of the patients at treatment initiation are sum-
marized in Table 1.

For the 96 patients who completed 2 years of ICIs, 
the median age was 65 years (range, 38- 87 years). Sixty- 
nine patients (71.9%) had a history of smoking, 90 pa-
tients (93.8%) had a good Eastern Cooperative Oncology 
Group performance status (defined as 0 or 1 point), 65 
patients (67.7%) had nonsquamous cell carcinoma, 27 
patients (28.1%) had brain metastasis, and most pa-
tients (97.9%) had high PD- L1 expression (≥50%). 
ICIs were administered as a first- line treatment to 10 pa-
tients (10.4%), as a second- line treatment to 61 patients 
(63.5%), and as a later line of treatment to 25 patients 
(26.1%). Sixty- one patients were treated with pembroli-
zumab, 29 patients were treated with nivolumab, 4 pa-
tients were treated with atezolizumab, and 2 patients 
were treated with other medications (1 patient with 
quavonlimab and 1 patient with pembrolizumab and 
quavonlimab).

Among the 43 patients who achieved a durable re-
sponse but discontinued ICIs without disease progression, 
the median age was 69.5 years (range, 43- 86 years). Thirty- 
seven patients (86.0%) had a history of smoking, 40 pa-
tients (93.0%) had a good Eastern Cooperative Oncology 
Group performance status (0 or 1 point), 24 patients 

(55.8%) had nonsquamous cell carcinoma, 8 patients 
(18.6%) had brain metastasis, and most patients (88.4%) 
had high PD- L1 expression (≥50%). ICIs were admin-
istered as a first- line treatment to 6 patients (14.0%), as 
a second- line treatment to 30 patients (69.8%), and as a 
later line of treatment to 7 patients (16.2%). Twenty- four 
patients were treated with pembrolizumab, 14 patients 
were treated with nivolumab, 3 patients were treated with 
atezolizumab, and 2 patients were treated with pembroli-
zumab plus cytotoxic chemotherapy.

TABLE 1. Baseline Characteristics of Patients

Patient Characteristic
Completed 2 y of 

ICIs (n = 96)
Discontinued ICIs 

Early (n = 43)

Age, median (range), y 65 (38- 87) 69.5 (43- 86)
Age ≥ 65 y, No. (%) 49 (51.0) 30 (69.8)
Sex, No. (%)

Male 82 (85.4) 40 (93.0)
Female 14 (14.6) 3 (7.0)

ECOG PS, No. (%)
0 19 (19.8) 12 (27.9)
1 71 (74.0) 28 (65.1)
≥2 6 (6.2) 3 (7.0)

Smoking history, No. (%)
Current or former 69 (71.9) 37 (86.0)
Never 27 (28.1) 5 (11.6)
Unknown 0 (0.0) 1 (2.3)

Histology, No. (%)
Squamous 20 (20.8) 12 (27.9)
Nonsquamous 65 (67.7) 24 (55.8)
Other 9 (9.4) 7 (16.3)
Unknown 2 (2.1) 0 (0.0)

Brain metastasis, No. (%) 27 (28.1) 8 (18.6)
EGFR mutation status, 

No. (%)
Mutant 4 (4.2) 2 (4.7)
Wild type 92 (95.8) 40 (93.0)
Unknown 0 (0.0) 1 (2.3)

ALK translocation present, 
No. (%)
Yes 2 (2.1) 0 (0.0)
No 94 (97.9) 41 (95.3)
Unknown 0 (0.0) 2 (4.3)

PD- L1 status, No. (%)
≥50% 94 (97.9) 38 (88.4)
1%- 49% 2 (2.1) 3 (7.0)
<1% 0 (0.0) 2 (4.7)

Type of immune check-
point inhibitor, No. (%)
Pembrolizumab 61 (63.5) 24 (55.8)
Nivolumab 29 (30.2) 14 (32.6)
Atezolizumab 4 (4.2) 3 (7.0)
Pembrolizumab + 

chemotherapy
0 (0.0) 2 (4.7)

Other 2 (2.1) 0 (0.0)
Lines of therapy for ICIs, 

No. (%)
1 10 (10.4) 6 (14.0)
2 61 (63.5) 30 (69.8)
≥3 25 (26.1) 7 (16.2)

Abbreviations: ALK, anaplastic lymphoma kinase; ECOG, Eastern 
Cooperative Oncology Group; EGFR, epidermal growth factor receptor; ICI, 
immune checkpoint inhibitor; PD- L1, programmed cell death ligand 1; PS, 
performance status.



When to Stop Immunotherapy in NSCLC/Kim et al

781Cancer  February 15, 2022

Treatment Outcomes in Patients Who 
Completed 2 Years of ICI Therapy
The median duration of follow- up after treatment initia-
tion was 33.9 months (range, 24.2- 40.8 months). Among 
the 96 patients who completed 2 years of ICI therapy, 
85.4% (82 of 96) experienced a response according to 
investigator assessments (Fig. 1A). The best- response dis-
tribution was as follows: a complete response (CR) in 6 
patients (6.3%), a PR in 76 patients (79.2%), and SD in 
14 patients (14.6%).

The median OS was not reached, and the estimated 
OS rate at 12 months from the discontinuation of ICIs 
was 96.4% (Fig. 2A). At the data cutoff, 94 of the 96 
patients (97.9%) were still alive. The median PFS was not 
reached, and the estimated PFS rate at 12 months from 
the discontinuation of ICIs was 81.1% (Fig. 2B). At the 
data cutoff, 84 of the 96 patients (87.5%) were still alive 
without disease progression. The median PFS according 
to the response was not reached for CR and PR and was 
not reached for SD. Patients obtaining an ORR had sig-
nificantly longer PFS than those who achieved SD (P = 
.044; Fig. 2C). From discontinuation, the PFS and OS 
rates according to the response at 12 months were 83.7% 
and 97.4%, respectively, for CR and PR and 63.0% and 
90.0%, respectively, for SD. The median PFS according 
to the line of treatment was not reached for first- line ther-
apy, second- line therapy, or a later line of therapy (P = 
.407; Fig. 2D). There were no significant differences in 
PFS according to the line of treatment (P = .407), type of 
ICI (P = .465), or PD- L1 status (P = .616). Also, there 
were no significant differences in OS according to the 
ORR (P = .076), line of treatment (P = .786), type of 
ICI (P = .954), or PD- L1 status (P = .824).

Treatment Outcomes in Patients Who 
Discontinued ICIs Without Disease Progression
We analyzed 43 patients with NSCLC who were treated 
for more than 6 months but discontinued ICIs without 
disease progression. The most common causes of discon-
tinuation were AEs (60.5%), which were followed by 
patient refusal (n = 6; 14.0%), follow- up loss (n = 7; 
16.3%), and financial burden (n = 4; 9.3%). The median 
treatment duration was 10.5 months, and the median 
follow- up duration was 21.2 months. Overall, 90.7% 
of the patients (39 of 43) experienced a response, with 
a best- response distribution of CR in 2 patients (4.7%), 
PR in 37 patients (86.0%), and SD in 4 patients (9.3%; 
Fig. 1B). Meanwhile, the best response during ICI treat-
ment in patients who developed PD was CR in 0 patients 
(0 of 2; 0%), PR in 8 patients (8 of 37; 21.6%), and SD 

in 2 patients (2 of 4; 50%). Two patients achieving CR 
were treated with pembrolizumab as a second- line treat-
ment for 12 and 16 months, respectively, and experienced 
a durable response even after the discontinuation of ICIs 
without disease progression until the data cutoff at ap-
proximately 2 years (Table 2).

The median OS was not reached (Fig. 3A), and the 
estimated OS rate 12 months after the discontinuation of 
ICIs was 90.0%. At the data cutoff, 39 of the 43 patients 
(90.7%) were alive. The median PFS was not reached 
(Fig. 3B), and the estimated PFS rate 12 months after 
the discontinuation of ICIs was 71.0%. At the data cut-
off, 33 of the 43 patients (76.7%) remained alive without 
progression. The median PFS according to the response 
to treatment was not reached for CR and PR and was 
not reached for SD (P = .499; Fig. 3C); moreover, the 
median OS according to the response to treatment was 
not reached for CR and PR and was not reached for SD 
(P = .019; Fig. 3D). The median PFS according to the 
cause of treatment discontinuation was not reached for 
AEs and was not reached for other causes (P = .124;  
Fig. 3E). The median PFS according to the duration of 
treatment was 20.7 months (95% CI, 15.7- 25.7 months) 
for more than 6 but less than 12 months, was not reached 
for more than 12 but less than 18 months, and was 
not reached for more than 18 but less than 24 months  
(P =  .040; Fig. 3F). However, from the discontinuation 
of ICIs, the median PFS according to the response was 
not reached for CR and PR and was not reached for SD 
(P = .145; Fig. 4A); moreover, the median OS according 
to the response was not reached for CR and PR and was 
not reached for SD (P = .008; Fig. 4B). From the dis-
continuation of ICIs, the median PFS according to the 
cause of treatment discontinuation was not reached for 
toxicity and was not reached for other causes (P = .670; 
Fig. 4C); moreover, the median OS according to the cause 
of treatment discontinuation was not reached for toxicity 
and was not reached for other causes (P = .801; Fig. 4D). 
There were no significant differences in PFS according to 
the response to treatment (P = .499), cause of treatment 
discontinuation (P = .124), type of ICI (P = .701), line of 
treatment (P = .834), or PD- L1 status (P = .594). Also, 
there was no significant difference in OS according to the 
line of treatment (P = .504), type of ICI (P = .814), PD- 
L1 status (P = .145), or duration of treatment (P = .963).

Among the 26 patients who discontinued ICI treat-
ment on account of AEs, treatment- related grade 3 to 5 
AEs occurred in 13 (50%), including 1 patient who died 
of pneumonitis; the recorded AEs included pneumonitis 
(n = 4), skin toxicity (n = 3), colitis (n = 1), hepatitis 
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Figure 1. Swimmer plots indicating the duration of ICI treatment and follow- up, progression- free survival, and overall survival for 
patients who (A) completed 2 years of ICI therapy and (B) discontinued ICIs without disease progression. The light red bars indicate 
the duration of ICI treatment, the light teal bars indicate the follow- up duration, and the light yellow bars indicate the time from the 
discontinuation of ICIs to disease progression. CR indicates complete response; ICI, immune checkpoint inhibitor; PD, progressive 
disease; PR, partial response; SD, stable disease.
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(n = 1), hypophysitis (n = 1), and others (n = 3). No 
new safety signals have been identified since prior results. 
Overall, 92.3% of the patients (24 of 26) experienced a 
response, and the best- response distribution was CR in 2 
patients (7.7%), PR in 22 patients (84.6%), and SD in 2 
patients (7.7%); 30.8% of the patients (8 of 26) had AEs 
between 1 and 2 years.

DISCUSSION
ICIs have demonstrated clinically meaningful improve-
ments in patients with advanced NSCLC without onco-
genic driver mutations. However, one of the major issues 
with ICIs involves determining the treatment duration. 
In general, oncologists prefer to continue ICIs until pro-
gression or toxicity occurs to maximize the efficacy of 
ICIs. However, whether prolonged ICI treatment leads 
to longer survival times is still unknown. Furthermore, 
high costs and inconvenience related to the long- term use 

of ICIs remain major issues. Therefore, the principle of 
determining the treatment duration is the best balance of 
benefits and risks.

In this study, among 96 patients who completed 2 
years of ICIs with long- term follow- up, the median PFS 
and OS were not reached, whereas after ICI discontinua-
tion, the PFS and OS rates were 81.1% and 96.4% at 12 
months; this indicated that a significantly high propor-
tion of patients who completed 2 years of ICI treatment 
experienced long- term PFS. In the KEYNOTE- 010 trial, 
the 1- year PFS and OS rates after the completion of 2 
years of pembrolizumab therapy were 72.5% (95% CI, 
59.9%- 81.8%) and 98.7% (95% CI, 91.1%- 99.8%), re-
spectively. Also, in the KEYNOTE- 024 trial, at the data 
cutoff, the majority of the patients (82%) who completed 
2 years of pembrolizumab therapy remained alive approx-
imately 5 years later. Because most of the patients who 
discontinued ICIs after 2 years of treatment experienced 

Figure 2. Kaplan- Meier curves of a survival analysis of patients who completed 2 years of ICI therapy: (A) OS, (B) PFS, (C) PFS 
according to the response to treatment, and (D) PFS according to the line of treatment. CR indicates complete response; ICI, 
immune checkpoint inhibitor; OS, overall survival; PFS, progression- free survival; PR, partial response; SD, stable disease.
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disease progression within the first 12 months, continu-
ation of ICI treatment might be beneficial as previously 
observed in the CheckMate 153 study.

It is notable that, among 43 patients with NSCLC 
treated for more than 6 months with subsequent discon-
tinuation of ICIs without disease progression, the median 
PFS and OS were not reached. From ICI discontinua-
tion, the PFS and OS rates were 71.0% and 90.7%, re-
spectively, at 12 months. When we consider that 90.7% 
of the patients achieved a response in this cohort, these 
results suggest that once the patients achieved a durable 
response at more than 6 months, a substantial number 
of them experienced long- term PFS despite discontinu-
ing ICIs. Intriguingly, 60.4% of the patients who discon-
tinued ICIs experienced immune- related AEs. Recently, 
a post hoc analysis of CheckMate 227 revealed that ap-
proximately half of the responders who had treatment- 
related AEs leading to discontinuation maintained their 
responses for more than 3 years after treatment discon-
tinuation. Similarly, in a post hoc analysis of CheckMate 
9LA, it was found that 56% of responders who had a 
treatment- related AE leading to discontinuation main-
tained their responses for more than 1 year after treatment 
discontinuation.18,19

By subgroup analysis, we found that the risk of dis-
ease progression after the completion of 2 years of ICI 
therapy was significantly associated with ORR. The me-
dian PFS was significantly longer for CR and PR than 
SD (P = .044; Fig. 2C). This finding was also observed 
in a cohort of patients who discontinued treatment with-
out disease progression. The median OS was significantly 
longer for CR and PR than SD (P = .019; Fig. 3D). Our 
results are consistent with previous pooled analyses of  
4- year survival rates with nivolumab and the KEYNOTE 
001 trial,5,7 which demonstrated that patients with CR 
and PR experienced long- term survival. In addition, pa-
tients who were treated for less than 12 months had sig-
nificantly shorter PFS (26.3 months; 95% CI, 20.9- 31.7  
months) than those who were treated for more than 
12 months (38.1 months; 95% CI, 33.9- 42.3 months;  
P =  .011), and this was consistent with the CheckMate 
153 results. Therefore, we suggest that more than 1 year 
of treatment in patients who are responsive to ICIs should 
be continued, especially if patients experience mild AEs. 
Also, we compared the characteristics of patients who had 
disease progression and patients who did not have dis-
ease progression. However, we did not find any signifi-
cant difference between the 2 groups in baseline patients 
characteristics (Supporting Table 1). This study has sev-
eral limitations. First, this was a retrospective study with T
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a small sample size, which led to bias. Second, only Asian 
patients with NSCLC were analyzed in this study, and this 
limits its generalizability because of differences in molec-
ular profiles and clinical features between Western and 

Eastern patients with NSCLC. Third, although immu-
notherapy monotherapy and immunotherapy plus che-
motherapy received US Food and Drug Administration 
approval for the frontline treatment of advanced NSCLC 

Figure 3. Kaplan- Meier curves of a survival analysis of patients who discontinued ICIs without disease progression: (A) OS, (B) PFS, 
(C) PFS according to the response to treatment, (D) OS according to the response to treatment, (E) PFS according to the cause 
of treatment discontinuation, and (F) PFS according to the duration of treatment. CI indicates confidence interval; CR, complete 
response; ICI, immune checkpoint inhibitor; OS, overall survival; PFS, progression- free survival; PR, partial response; SD, stable 
disease.
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in 2021, the majority of the patients in this study were 
treated at a second or later line because of the reimburse-
ment policy in Korea; this limits its applicability to today’s 
practice with a shifting standard of care. Nevertheless, to 
the best of our knowledge, this study is the largest data 
set to date to specifically address the outcomes of patients 
with advanced NSCLC who have completed 2 years of 
ICI therapy or have achieved a durable response but have 
discontinued ICIs without disease progression in real- 
world practice.

In conclusion, in these real- world data, we found 
that a significantly high proportion of patients who com-
pleted 2 years of ICIs continued to experience long- term 
PFS. Even if ICIs are discontinued after 6 months in 

patients without disease progression, they may achieve a 
durable response and facilitate long- term survival.
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