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Abstract
While immune checkpoint inhibitors (ICI) can lead to 
sustained responses in metastatic renal cell carcinoma 
(mRCC), the optimal duration of therapy remains unknown. 
We aimed to examine treatment-free survival (TFS) in 
objective responders who discontinued ICI and to explore 
factors that may impact objective response rate (ORR) and 
TFS. MEDLINE/PubMed, Embase, and the Cochrane Library 
were searched for prospective studies reporting individual 
outcomes after ICI discontinuation in patients with mRCC. 
Pooled ORR and TFS were estimated using random-effects 
meta-analyses, and associations between ICI regimen 
type or treatment line and ORR or TFS were evaluated. 
Sixteen cohorts comprising 1833 patients treated with ICI 
were included. The pooled ORR was 43% (95% CI 33% to 
53%), and significant differences in summary estimates 
existed among patients who received ICI monotherapy 
(22%, 95% CI 18% to 26%), ICI plus a vascular endothelial 
growth factor (VEGF) pathway inhibitor (57%, 95% CI 48% 
to 65%), and dual ICI (40%, 95% CI 36% to 44%). Of 572 
responders who had available data, 327 stopped ICI, with 
86 (26%) continuing to respond off-treatment. Pooled TFS 
rates at 6 and 12 months were 35% (95% CI 20% to 50%) 
and 20% (95% CI 8% to 35%), respectively, and were 
highest for responders treated with dual ICI and lowest 
for those treated with ICI plus a VEGF pathway inhibitor. 
Thus, a subset of patients with mRCC who are treated 
with ICI-based therapy can have durable TFS after therapy 
discontinuation. Prospective clinical trials and biomarkers 
are needed to identify patients who can discontinue ICI 
therapy without compromising clinical outcomes.

Background
Kidney cancer is among the top ten most 
common cancers in both Europe and the USA, 
accounting for approximately 3.5% and 4.0% 
of all new cancer diagnoses, respectively.1 2 
The incidence rate of renal cell carcinoma 
(RCC), the most prevalent form of kidney 
cancer, has significantly increased over the 
past several years.3 Current treatment strat-
egies for metastatic RCC (mRCC) include 
cytoreductive nephrectomy and systemic 

therapies such as antiangiogenic vascular 
endothelial growth factor (VEGF) tyrosine 
kinase inhibitors, mTOR inhibitors and most 
recently, immune checkpoint inhibitors 
(ICI).4–6 ICI are monoclonal antibodies that 
target immune regulatory pathway proteins 
(eg, CTLA-4, PD-1, PD-L1) used by cancer 
cells to escape immunosurveillance, and their 
overall therapeutic effect is to unleash an 
effective T cell antitumor response.7 Either 
alone or in combination with other therapies, 
ICI have played an increasingly important 
role as first-line and subsequent-line agents 
for advanced RCC, especially in intermediate-
risk and poor-risk patients.5 8–10

However, as a relatively novel advance-
ment in mRCC treatment, ICI therapy still 
requires empirical optimization to minimize 
immune-related toxicity as well as determine 
ideal treatment duration and combinations 
with other therapies.5 11–13 Despite their effi-
cacy, ICI can cause rare but serious immune-
related adverse effects and are considerably 
more expensive than many other anticancer 
drug classes.14 15 Interestingly and in contrast 
to other systemic agents, ICI can potentially 
induce complete remission even after treat-
ment cessation, a phenomenon best studied 
in metastatic melanoma and non-small cell 
lung cancer.12 16 17 Preliminary evidence indi-
cates that a subset of patients with mRCC 
experience durable responses following ICI 
discontinuation and that intermittent ICI 
may be a feasible treatment approach.13 18 
Although these data suggest that extended 
duration of therapy may not be necessary for 
sustained clinical benefit, there are currently 
no specified criteria for ICI cessation in the 
absence of progressive disease or unaccept-
able toxicities. Pinpointing specific parame-
ters to guide ICI treatment duration in mRCC 
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could therefore help maximize beneficial outcomes while 
reducing adverse effects and financial burden.13 The 
objective of this analysis is to assess rates of treatment-
free survival (TFS) after ICI cessation in patients with 
mRCC who demonstrated partial or complete responses 
to ICI and to evaluate factors that may influence objective 
response rate (ORR) and TFS.

Methods
This systematic review and meta-analysis was performed 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses statement.19

Search strategy and study selection
MEDLINE/PubMed, Embase, and the Cochrane Library 
were queried from database inception to January 27, 
2021 using the following algorithm: (immunotherapy 
OR “immune checkpoint” OR nivolumab OR ipilimumab 
OR pembrolizumab OR avelumab OR atezolizumab OR 
durvalumab) AND (“renal cell carcinoma” OR RCC 
OR “kidney cancer”) AND (metastatic OR advanced) 
AND (stop OR stopped OR discontinuation OR discon-
tinue OR withdrawal OR withdrawn OR treatment 
free). In addition, reference lists of relevant review and 
study articles were manually searched for other studies. 
Two authors (AT, THT) independently screened titles, 
abstracts, and full-text publications for study eligibility, 
with any disagreements resolved by discussion.

Prospective studies fulfilling the following criteria 
were included: (1) involved patients ≥18 years old with 
advanced or mRCC who were treated with checkpoint 
blockade antibodies either as monotherapy or in combi-
nation with other therapies; (2) reported patient-level 
TFS after immunotherapy discontinuation for at least a 
subset of objective responders; and (3) written in English 
or included an English translation. TFS was defined as the 
period from therapy cessation until subsequent systemic 
therapy initiation, death, or censoring, whichever 
occurred first.20 Studies were excluded if they were case 
reports, cell culture or animal studies, reviews, systematic 
reviews or meta-analyses, comments/editorials, or confer-
ence abstracts. When the same population was described 
in separate publications, only the most recent article that 
met the inclusion criteria and had the largest sample size 
was included.

Data collection and quality assessment
Using a standardized form, two authors (AT, THT) inde-
pendently extracted the following data from each included 
study: lead author; publication year and journal; clin-
ical trial identifier and phase; immunotherapy regimen 
(specific immune checkpoint inhibitor and any other 
drug used in combination) and discontinuation criteria 
(online supplemental table S1); treatment arm sample 
size; patient characteristics (age, sex, performance status, 
prognostic risk group, nephrectomy, and systemic treat-
ment history); follow-up and immunotherapy treatment 

duration; and ORR. TFS data for individual patients were 
extracted from published swimmer plots using WebPlot-
Digitizer V.4.4.21

The same two authors independently evaluated 
the risk of bias in individual studies using a modified 
Newcastle-Ottawa Scale.22 Since intra-study compara-
bility was not relevant to this systematic review and meta-
analysis, each arm of an included study was assessed as 
an independent cohort as previously described,23 using 
the following six criteria: (1) cohort representative of 
patients with advanced/mRCC; (2) immunotherapy 
treatments documented in medical records; (3) outcome 
of interest demonstrated to be absent at start of study; (4) 
outcomes assessed using objective, predefined criteria; 
(5) adequate follow-up duration for outcomes to occur 
(≥12 months); and (6) adequate cohort follow-up (<10% 
lost to follow-up or description provided of patients lost 
to follow-up). Based on quality assessment standards 
employed in prior meta-analyses, studies meeting at least 
four of the above criteria were considered to be of higher 
quality.23 24 Discrepancies were resolved by consensus 
among all authors.

Data synthesis and analysis
Statistical analyses were performed using the meta25 and 
metafor26 packages in R V.4.0.3, and two-sided p<0.05 was 
considered statistically significant. For each study cohort, 
the proportion of patients with objective responses or with 
TFS at 6 and 12 months, along with the associated 95% 
CI, were calculated. The variance-stabilizing Freeman-
Tukey double-arcsine transformation27 was then applied 
to the observed proportions. To estimate summary effect 
sizes, individual effect sizes and sampling variances were 
pooled based on the inverse-variance method using a 
random-effects model (restricted maximum-likelihood 
approach) to assign weights. Study cohorts were strati-
fied by ICI regimen type and by treatment line to investi-
gate potential factors correlated with ORR and TFS, and 
a Wald-type test was conducted to determine whether 
differences between subgroups were significant.26

Heterogeneity between study cohorts was assessed using 
Cochran’s Q test and the I2 statistic, with I2 values greater 
than 75% suggesting a high degree of heterogeneity.28 
Outlying effect sizes were detected by identifying exter-
nally studentized residuals with absolute values greater 
than 2,29 and their influence on the summary proportions 
was evaluated using leave-one-out sensitivity analyses.26 
Visual inspection of funnel plots, the rank correlation 
test, and Egger’s regression test were used to examine 
publication bias.30–32

Results
Search results
Our systematic database search yielded 1685 records, 
of which 780 remained after duplicates were removed. 
An additional seven records were identified through 
manual review of reference lists. After screening titles 
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Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for study identification and 
selection.

and abstracts, a further 708 records were excluded due to 
language, publication type, retrospective study design, or 
topic. Of the 79 full-text articles assessed for eligibility, 67 
were excluded because they included duplicate cohorts 
from other studies or did not provide the data needed for 
this meta-analysis. Thus, 12 prospective studies published 
between 2017 and 2020 were included in the final quanti-
tative synthesis (figure 1). Four of these studies comprised 
independent cohorts (separate treatment arms) that are 
presented individually in our meta-analysis,33–36 so a total 
of 16 cohorts are analyzed in this review (table 1).

Study and patient characteristics
Standardized characteristics of the included patient 
cohorts are summarized in tables 1 and 2. Overall, 1833 

patients with mRCC treated with ICI were available for 
analysis. Among the selected cohorts, five included 
patients who received monotherapy,18 36–38 six included 
patients who received ICI plus a VEGF pathway inhibitor 
(VEGFi),33 34 39 40 and five included patients who received 
dual ICI.35 41–43 The median age ranged from 54 to 69 
years, and a majority of patients (75%) were men. Based 
on available data for functional status, 98% of patients had 
Eastern Cooperative Oncology Group 0‒1 or Karnofsky 
Performance Score ≥80. Surgical history was reported for 
93% of patients, and 86% had prior nephrectomy. ICI 
were used as first-line therapy in five cohorts,34 36 39 40 42 as 
refractory setting therapy in six cohorts,18 33 34 36–38 and as 
first-line or subsequent-line therapy in five cohorts.33 35 41 43 
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Table 1  Characteristics of included studies

Study (trial identifier)
Trial 
phase Treatment N

Median 
treatment 
duration 
(months)

Median 
follow-up 
(months)

Newcastle-Ottawa Scale 
score*

Amin et al33 (CheckMate 016) 1 Nivolumab +sunitinib 33 10.4 50 6

Amin et al33(CheckMate 016) 1 Nivolumab +pazopanib 20 3.5 27.1 6

Atkins et al39 (NCT02133742) 1b Pembrolizumab +axitinib 52 17.4 20.4 6

Choueiri et al40 (JAVELIN Renal 
101)

3 Avelumab +axitinib 442 – 19.3 6

Dudek et al34(BTCRC-GU14-003) 1b Pembrolizumab +bevacizumab 13 6 – 5

Dudek et al34(BTCRC-GU14-003) 2 Pembrolizumab +bevacizumab 48 10 28.3 6

Hammers et al35(CheckMate 016) 1 Nivolumab +ipilimumab 47 7.4 22.3 6

Hammers et al35(CheckMate 016) 1 Nivolumab +ipilimumab 47 6.0 22.3 6

McKayet al41 (OMNIVORE) 2 Nivolumab (+ipilimumab) 12 – – 4

Motzeret al37(CheckMate 025) 3 Nivolumab 410 23.6† 72 6

Motzeret al42 (CheckMate 214) 3 Nivolumab +ipilimumab 550 7.9 43.6 6

Naing et al43(IVY) 1b Nivolumab or 
pembrolizumab +pegilodecakin

38 – 22.7 6

Ornstein et al18(NCT03126331) 2 Nivolumab 5 – 11.0 4

Topalian et al38(CA209-003) 1 Nivolumab 34 7.4 63.9‡ 6

Vaishampayan et al36 (JAVELIN 
Solid Tumor)

1b Avelumab 62 9.6 26.2 6

Vaishampayan et al36 (JAVELIN 
Solid Tumor)

1b Avelumab 20 5.3 34.1 6

*Modified for a maximum score of 6, with studies scoring 4 or above considered higher quality.
†For responders only.
‡Minimum follow-up.

Table 2  Baseline patient characteristics

Study (trial identifier)
Median age 
(years) Male

ECOG 0‒1/KPS 
≥80

Prognostic 
model

Favorable/intermediate/
poor risk (%)

Prior 
nephrectomy

Prior systemic 
treatments (n)

Amin et al33 (CheckMate 016) 57 (38–75) 26 (79%) 33 (100%) MSKCC 48.5/48.5/3 33 (100%) ≥0

Amin et al33 (CheckMate 016) 56 (40–72) 18 (90%) 20 (100%) MSKCC 20/70/10 20 (100%) ≥1

Atkins et al39 (NCT02133742) 63 (57–
67.5)*

41 (79%) 52 (100%) IMDC 46/44/6 52 (100%) 0

Choueiri et al40 (JAVELIN Renal 101) 62 (29–83) 316 (72%) 442 (100%) IMDC 21.3/61.3/16.3 352 (80%) 0

Dudek et al34 (BTCRC-GU14-003) 55 (33–68) 11 (85%) 11 (85%) IMDC 38.5/23.1/38.5 11 (85%) ≥1

Dudek et al34 (BTCRC-GU14-003) 61 (42–84) 33 (69%) 45 (94%) IMDC 20.8/64.6/14.6 43 (90%) 0

Hammers et al35 (CheckMate 016) 54 (26–68) 43 (92%) 47 (100%) MSKCC 44.7/48.9/6.4 46 (98%) ≥0

Hammers et al35 2017 (CheckMate 016) 56 (20–76) 36 (77%) 47 (100%) MSKCC 44.7/48.9/6.4 46 (98%) ≥0

McKay et al41 (OMNIVORE) – – – IMDC 33.3/58.3/8.3 – 0‒2

Motzer et al37 2020 (CheckMate 025) 62 (23–88) 315 (77%) 386 (94%) MSKCC 35/49/16 364 (89%) 1‒2

Motzer et al42 (CheckMate 214) 62 (26–85) 413 (75%) – IMDC 22.7/60.7/16.5 453 (82%) ≥0

Naing et al43 (IVY) 66 (51–69)* 27 (71%) 38 (100%) IMDC 16/76/8 – ≥0

Ornstein et al18 (NCT03126331) 66 (57–72) 5 (100%) 5 (100%) IMDC 0/100/0 5 (100%) 1‒2

Topalian et al38 (CA209-003) 58 (35–74) 26 (77%) 34 (100%) – – 32 (94%) ≥1

Vaishampayan et al36 (JAVELIN Solid 
Tumor)

62 (36–85) 43 (69%) 62 (100%) IMDC 38.7/43.5/17.7 – 0

Vaishampayan et al36 (JAVELIN Solid 
Tumor)

69 (30–80) 15 (75%) 20 (100%) IMDC 25/65/10 – 1

Data are presented as median (range) or number of patients (%), unless otherwise stated.
*IQR.
ECOG, Eastern Cooperative Oncology Group; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; KPS, Karnofsky Performance Score; MSKCC, Memorial 
Sloan Kettering Cancer Center.
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Figure 2  Random-effects (RE) meta-analysis of objective response rate (ORR) in patients with metastatic renal cell carcinoma 
treated with immune checkpoint inhibitors (ICI) stratified by (A) ICI regimen type and (B) treatment line. Total: number of 
response-evaluable patients. VEGFi, vascular endothelial growth factor pathway inhibitor.

According to the modified Newcastle-Ottawa Scale, all 
studies were of high methodological quality (table 1).

ICI treatment and ORR
The weighted mean ORR for patients with mRCC who 
received ICI was 43% (95% CI 33% to 53%) (figure 2), 

and significant heterogeneity was present between cohorts 
(I2=91%, p<0.01). No outlying cohorts were detected; 
concordantly, sensitivity analysis performed by removing 
one cohort at a time indicated that the estimated summary 
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Table 3  Treatment-free survival after discontinuation of immune checkpoint inhibitors in patients with objective response

Study (trial identifier) Responders (n)
Responders who 
discontinued ICI (n)

Median TFS 
(months)

Ongoing response 
off-treatment (%)*

Amin et al33 (CheckMate 016) 18 12 9.4 25.0

Amin et al33 (CheckMate 016) 9 5 0.5 0.0

Atkins et al39 (NCT02133742) 38 16 0.8 43.8

Choueiri et al40 (JAVELIN Renal 101) 232 79 0.5 7.6

Dudek et al34 (BTCRC-GU14-003) 5 5 0.0 0.0

Dudek et al34 (BTCRC-GU14-003) 28 27 4.2 11.1

Hammers et al35 (CheckMate 016) 19 12 4.6 41.7

Hammers et al35 (CheckMate 016) 19 15 1.7 33.3

McKay et al41 (OMNIVORE) 10 10 6.5 70.0

Motzer et al37 (CheckMate 025) 94 86 1.7 16.3

Motzer et al42 (CheckMate 214) 59† 39 23.5 61.5

Naing et al43 (IVY) 14 6 11.8 83.3

Ornstein et al18 (NCT03126331) 5‡ 5 7.8 80.0

Topalian et al38 (CA209-003) 10 5§ 13.5 40.0

Vaishampayan et al36 (JAVELIN Solid Tumor) 10 3¶ 1.0 0.0

Vaishampayan et al36 (JAVELIN Solid Tumor) 2 2 3.3 50.0

*Of responders who discontinued ICI.
†Complete responders only.
‡Includes one patient with stable disease.
§Does not include patients who discontinued ICI following progressive disease, as study did not report whether subsequent systemic therapy was 
started.
¶Does not include patients who discontinued ICI following progressive disease, as study did not report events after progression.
ICI, immune checkpoint inhibitors; TFS, treatment-free survival in responders who discontinued ICI.

proportion was not significantly influenced by any single 
cohort (online supplemental figure S1A).

When stratifying by ICI regimen type, the pooled 
ORR differed significantly across subgroups (p<0.001) 
(figure  2A). Specifically, the weighted mean ORR was 
highest for patients treated with ICI plus VEGFi (57%, 
95% CI 48% to 65%) and lowest for patients treated 
with ICI monotherapy (22%, 95% CI 18% to 26%). For 
patients treated with dual ICI, the pooled ORR was 40% 
(95% CI 36% to 44%). The extent of heterogeneity within 
subgroups was also lower (I2 <55% in all subgroups) than 
that within the overall pool, indicating that differences 
in the type of ICI regimen could partially account for the 
variability in observed ORR across all cohorts.

By contrast, stratifying by ICI treatment line did not 
result in significantly different pooled ORR across 
subgroups (p=0.20), and within-subgroup heterogeneity 
remained moderate to high (figure 2B). These findings 
suggest a lack of relationship between treatment line and 
ORR in patients with mRCC receiving ICI.

ICI treatment and TFS rate
To better characterize outcomes in objective responders 
after ICI discontinuation, data from a total of 572 
complete or partial responders were further analyzed 
(table 3). Of these patients, 327 had documented cessa-
tion of ICI therapy, with median TFS ranging from 0.0 
to 23.5 months. Strikingly, 26% of the 327 responders 

who discontinued ICI demonstrated ongoing response 
off-treatment.

At 6 and 12 months, the weighted mean TFS rates 
for responders who stopped ICI were 35% (95% CI 
20% to 50%) (figure 3) and 20% (95% CI 8% to 35%) 
(figure 4), respectively, with considerable heterogeneity 
present between cohorts (I2=85%, p<0.01 for 6-month 
and 12-month TFS rates). Of note, two cohorts did not 
have sufficient follow-up to calculate 12-month TFS rates 
and were therefore excluded from that analysis.18 41 One 
cohort was identified as an outlier with respect to both 
6-month and 12-month TFS rates,40 although the esti-
mated summary proportion did not change significantly 
when this cohort was removed (online supplemental 
figure S1B; online supplemental figure S1C). Analysis of 
12-month TFS rates detected an additional outlier42 whose 
removal likewise did not significantly affect the estimated 
summary proportion (online supplemental figure S1C).

Stratifying by ICI regimen type resulted in significantly 
different TFS rates across subgroups at both 6 (p=0.01) 
and 12 months (p<0.001) (figure  3A; figure  4A). In 
particular, patients treated with dual ICI had the highest 
weighted mean TFS rates at 6 (57%, 95% CI 41% to 73%) 
and 12 (50%, 95% CI 32% to 68%) months, and patients 
treated with ICI plus VEGFi had the lowest weighted mean 
TFS rates at 6 (20%, 95% CI 2% to 45%) and 12 months 
(5%, 95% CI 0% to 17%). Meanwhile, the pooled TFS 
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Figure 3  Random-effects (RE) meta-analysis of 6-month treatment-free survival (TFS) rate in patients with metastatic renal cell 
carcinoma treated with immune checkpoint inhibitors (ICI) stratified by (A) ICI regimen type and (B) treatment line. Total: number 
of responders who discontinued ICI. VEGFi, vascular endothelial growth factor pathway inhibitor.

rates for patients treated with ICI monotherapy were 30% 
(95% CI 21% to 41%) at 6 months and 21% (95% CI 12% 
to 31%) at 12 months. Whereas TFS rates did not exhibit 
significant within-subgroup variability for patients who 
received ICI monotherapy or dual immunotherapy, TFS 

rates for patients who received ICI plus VEGFi showed 
moderate-to-high heterogeneity (figure 3A; figure 4A).

Although subgroup analysis revealed significant differ-
ences in pooled TFS rates based on ICI treatment line 
at 6 months (p=0.02) (figure 3B), pooled TFS rates were 
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Figure 4  Random-effects (RE) meta-analysis of 12-month treatment-free survival (TFS) rate in patients with metastatic renal 
cell carcinoma treated with immune checkpoint inhibitors (ICI) stratified by (A) ICI regimen type and (B) treatment line. Total: 
number of responders who discontinued ICI. VEGFi, vascular endothelial growth factor pathway inhibitor.

comparable in the first-line, any-line, and refractory 
settings at 12 months (p=0.13) (figure 4B). Pooled TFS 
rates at both time points were highest for cohorts that 
included patients who received ICI in any treatment line 
(53%, 95% CI 38% to 67% at 6 months; 37%, 95% CI 
22% to 53% at 12 months). At 6 months, pooled TFS rates 

for patients receiving first-line and refractory setting ICI 
were 23% (95% CI 1% to 55%) and 29% (95% CI 20% 
to 39%), respectively, which decreased to 13% (95% CI 
0% to 42%) and 15% (95% CI 1% to 36%) at 12 months. 
However, in contrast to the other subgroups, significant 
heterogeneity was present in the first-line ICI subgroup 
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(I2=92% at 6 months and 91% at 12 months) (figure 3B; 
figure  4B), suggesting that additional potential sources 
of systematic variation exist between cohorts in that 
subgroup. Collectively, these results indicate that ICI 
regimen type has a more consistent effect than treatment 
line on TFS in objective responders with mRCC.

Publication bias
Funnel plots were constructed to estimate the extent of 
publication bias in our pooled analyses (online supple-
mental figure 2). For ORR, neither the rank correlation 
test (p=0.50) nor Egger’s regression test (p=0.20) for 
funnel plot asymmetry showed strong evidence of publi-
cation bias. Similarly, for TFS rates at 6 and 12 months, 
the rank correlation test (p=0.89 for 6-month TFS rate; 
p=0.96 for 12-month TFS rate) and Egger’s regression test 
(p=0.90 for 6-month TFS rate; p=0.80 for 12-month TFS 
rate) did not reveal the presence of publication bias.

Discussion
In this systematic review and meta-analysis of mRCC clin-
ical trials, TFS after ICI discontinuation in patients who 
demonstrated a partial or complete response was quanti-
fied. Three key findings emerge from these data. First, a 
relatively high percentage (26%) of patients who discon-
tinue therapy after obtaining a response to ICI therapy 
exhibit sustained responses off therapy. Second, the TFS 
can be fairly durable with 6-month and 12-month mean 
TFS rates of 35% and 20%, respectively (figure 3; figure 4). 
Finally, 6-month and 12-month mean TFS rates were 
higher for patients treated with dual ICI therapy (57% 
and 50%, respectively) than for those treated with ICI 
and VEGF-directed therapy (20% and 5%, respectively).

Over the last few years, the treatment paradigm of 
mRCC has been revolutionized with the introduction 
of ICI-based therapy. One of the key features of such 
regiments is the potential for durable responses beyond 
that which was seen with VEGF-directed monotherapy. 
However, a critical unanswered question with ICI treat-
ment is the duration of therapy necessary to achieve and 
sustain a response. This question has resulted in new 
investigations into the consideration of TFS in inter-
preting ICI-based clinical trials and even using TFS as a 
trial endpoint.20

The findings presented herein lend support to consid-
eration of discontinuing ICI therapy even in the absence 
of disease progression or excessive toxicity. Indeed, this 
idea is already incorporated into certain clinical trials 
such as the KEYNOTE-426 trial (axitinib/pembrolizumab 
vs sunitinib in mRCC), in which patients discontinued 
pembrolizumab after 35 3-week cycles (approximately 2 
years).44 Importantly, a subsequent analysis of patients in 
this trial who completed 2 years of therapy demonstrated 
that a high proportion had ongoing clinical benefit.45 
Although these patients remained on axitinib, the data 
do highlight the feasibility of earlier discontinuation of 
ICI therapy.

An interesting result in the present analysis is the 
apparent inverse relationship between ORR and TFS 
in patients treated with ICI-based combinations. The 
pooled ORR was higher in ICI plus VEGFi versus ICI plus 
ICI (57% vs 40%). However, the pooled 6-month and 
12-month TFS rates were lower for patients treated with 
ICI plus VEGFi (20% and 5%) than for those treated with 
dual ICI (57% and 50%). In addition to supporting the 
notion of prolonged responses off therapy, these data 
reflect clinical trial data that indicate a higher ORR in 
patients treated with ICI/VEGFi combinations compared 
with dual ICI.44 46 47 However, the rationale for using dual 
ICI therapy despite a lower initial response rate is the 
potential for the durable responses seen with ICI/ICI and 
not yet fully appreciated in ICI/VEGFi combinations.48 49

This analysis has a number of limitations. Prospective 
ICI-based clinical trials in mRCC that did not include 
TFS data were unable to be included in the present anal-
ysis.44 50–52 In addition, there was significant heterogeneity 
in clinical trial design among the included trials, requiring 
caution when interpreting these results. We suspect the 
increased heterogeneity in the TFS rates of patients 
treated with ICI/VEGFi compared with those treated with 
single-agent or dual ICI is related to the heterogeneity of 
specific therapies in each ICI regimen type. In particular, 
both the ICI/ICI and monotherapy subgroups encom-
passed only two different treatment regimens. Meanwhile, 
the ICI/VEGFi subgroup included five different regimens 
that nonetheless had similar mechanisms of action. Since 
patient-level TFS was digitally extracted from published 
swimmer plots, data extraction accuracy was limited by 
figure resolution. Importantly, the data presented in our 
analysis primarily originated from patients who achieved 
a response to ICI-based therapy. Data for patients who 
discontinued therapy with a best response of stable 
disease remain largely unavailable. Likewise, the reason 
for treatment discontinuation at an individual level was 
not available for all trials and perhaps clinical outcomes 
are different in patients who discontinue therapy due to 
adverse events compared with those who discontinue for 
other reasons.53

Despite these limitations, the data herein have key 
implications for clinical care and research as they demon-
strate that treatment response to ICI can continue 
beyond treatment discontinuation. Financial and phys-
ical toxicity are critical considerations for patients under-
going chronic anticancer therapy. The use of ICI-based 
therapy until disease progression or intolerable toxicity 
likely causes unnecessary harm to a subset of patients who 
do not require indefinite therapy.

Fortunately, trials are underway in mRCC and other 
malignancies to investigate the duration of ICI therapy 
required for optimal long-term clinical benefit.54–56 A 
primary challenge in these trials is the need to identify 
predictive factors for patients who can discontinue treat-
ment prior to disease progression or toxicity. Further 
exploration of treatment response parameters, blood-
based biomarkers, and novel imaging techniques are 
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all urgently required to properly select patients for ICI 
discontinuation.

Conclusion
A subset of patients with mRCC who are treated with ICI-
based therapy can have durable TFS after therapy discon-
tinuation. Prospective clinical trials and biomarkers are 
needed to identify patients who can discontinue ICI 
therapy without compromising clinical outcomes.

Contributors  AT and MCO designed the project. AT and THT performed the 
database search, study selection, data extraction and quality assessment. AT 
analysed the data. All authors contributed to manuscript writing and revision.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  AT and THT have no relevant financial or non-financial 
interests to disclose. MCO receives research funding from Bristol-Myers Squibb 
(BMS) and Pfizer; consulting/advisory fees from BMS, Pfizer, Merck, Exelixis, Eisai, 
and Aveo.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Alice Tzeng http://​orcid.​org/​0000-​0001-​7316-​6923
Moshe C Ornstein http://​orcid.​org/​0000-​0003-​0184-​3467

References
	 1	 Ferlay J, Colombet M, Soerjomataram I, et al. Cancer incidence and 

mortality patterns in Europe: estimates for 40 countries and 25 major 
cancers in 2018. Eur J Cancer 2018;103:356–87.

	 2	 Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2021. CA 
Cancer J Clin 2021;71:7–33.

	 3	 Palumbo C, Pecoraro A, Knipper S, et al. Contemporary age-
adjusted incidence and mortality rates of renal cell carcinoma: 
analysis according to gender, race, stage, grade, and histology. Eur 
Urol Focus 2021;7:644-652.

	 4	 Choueiri TK, Motzer RJ. Systemic therapy for metastatic renal-cell 
carcinoma. N Engl J Med 2017;376:354–66.

	 5	 Dutcher JP, Flippot R, Fallah J, et al. On the shoulders of giants: the 
evolution of renal cell carcinoma treatment—cytokines, targeted 
therapy, and immunotherapy. American Society of Clinical Oncology 
Educational Book 2020;40:418–35.

	 6	 Kotecha RR, Motzer RJ, Voss MH. Towards individualized therapy for 
metastatic renal cell carcinoma. Nat Rev Clin Oncol 2019;16:621–33.

	 7	 Huang JJ, Hsieh JJ. The therapeutic landscape of renal cell 
carcinoma: from the dark age to the golden age. Semin Nephrol 
2020;40:28–41.

	 8	 George S, Rini BI, Hammers HJ. Emerging role of combination 
immunotherapy in the first-line treatment of advanced renal cell 
carcinoma: a review. JAMA Oncol 2019;5:411–21.

	 9	 Bossé D, Ong M. Evolution in upfront treatment strategies for 
metastatic RCC. Nat Rev Urol 2020;17:73–4.

	10	 Monteiro FSM, Soares A, Debiasi M, et al. First-Line treatment 
of metastatic renal cell carcinoma in the immuno-oncology era: 
systematic review and network meta-analysis. Clin Genitourin Cancer 
2020;18:244–51.

	11	 Sheng IY, Ornstein MC. Ipilimumab and nivolumab as first-line 
treatment of patients with renal cell carcinoma: the evidence to date. 
Cancer Manag Res 2020;12:4871–81.

	12	 Robert C, Marabelle A, Herrscher H, et al. Immunotherapy 
discontinuation - how, and when? Data from melanoma as a 
paradigm. Nat Rev Clin Oncol 2020;17:707–15.

	13	 Singla N, Freifeld Y, Ghandour RA, et al. Rational approaches to 
treatment duration with immunotherapy in metastatic renal cell 
carcinoma. Eur Urol Focus 2020;6:31–3.

	14	 Reinhorn D, Sarfaty M, Leshno M, et al. A cost-effectiveness 
analysis of nivolumab and ipilimumab versus sunitinib in first-line 
intermediate- to poor-risk advanced renal cell carcinoma. Oncologist 
2019;24:366–71.

	15	 Das S, Johnson DB. Immune-related adverse events and anti-tumor 
efficacy of immune checkpoint inhibitors. J Immunother Cancer 
2019;7:306.

	16	 Smith A, Shaghayegh G, Menzies AM, et al. Duration of 
immunotherapy – should we continue AD infinitum? intern. Med. J 
2020;50:865–8.

	17	 Friedlaender A, Kim C, Addeo A. Rethinking the optimal duration 
of immune checkpoint inhibitors in non-small cell lung cancer 
throughout the COVID-19 pandemic. Front Oncol 2020;10:862.

	18	 Ornstein MC, Wood LS, Hobbs BP, et al. A phase II trial of 
intermittent nivolumab in patients with metastatic renal cell 
carcinoma (mRCC) who have received prior anti-angiogenic therapy. 
J Immunother Cancer 2019;7:127.

	19	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. BMJ 
2009;339:b2535.

	20	 Regan MM, Werner L, Rao S, et al. Treatment-free survival: a novel 
outcome measure of the effects of immune checkpoint inhibition-a 
pooled analysis of patients with advanced melanoma. J Clin Oncol 
2019;37:3350–8.

	21	 Rohatgi A. WebPlotDigitizer, 2020. Available: https://​automeris.​io/​
WebPlotDigitizer

	22	 Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa scale 
(NOS) for assessing the quality of nonrandomised studies in meta-
analyses. Ottawa: Ottawa Hospital Research Institute, 2011.

	23	 Khan F, Rahman A, Carrier M, et al. Long term risk of symptomatic 
recurrent venous thromboembolism after discontinuation 
of anticoagulant treatment for first unprovoked venous 
thromboembolism event: systematic review and meta-analysis. BMJ 
2019;366:l4363.

	24	 Douketis J, Tosetto A, Marcucci M, et al. Risk of recurrence after 
venous thromboembolism in men and women: patient level meta-
analysis. BMJ 2011;342:d813.

	25	 Balduzzi S, Rücker G, Schwarzer G. How to perform a meta-analysis 
with R: a practical tutorial. Evid Based Ment Health 2019;22:153–60.

	26	 Viechtbauer W. Conducting meta-analyses in R with the metafor 
package. J Stat Softw 2010;36:1–48.

	27	 Freeman MF, Tukey JW. Transformations related to the angular 
and the square root. The Annals of Mathematical Statistics 
1950;21:607–11.

	28	 Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring 
inconsistency in meta-analyses. BMJ 2003;327:557–60.

	29	 Tabachnik B, Fidell L. Using multivariate statistics. 6th edn. Boston: 
Allynand Bacon, 2013.

	30	 Anzures-Cabrera J, Higgins JPT. Graphical displays for meta-
analysis: an overview with suggestions for practice. Res Synth 
Methods 2010;1:66–80.

	31	 Begg CB, Mazumdar M. Operating characteristics of a RANK 
correlation test for publication bias. Biometrics 1994;50:1088–101.

	32	 Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis 
detected by a simple, graphical test. BMJ 1997;315:629–34.

	33	 Amin A, Plimack ER, Ernstoff MS, et al. Safety and efficacy of 
nivolumab in combination with sunitinib or pazopanib in advanced 
or metastatic renal cell carcinoma: the CheckMate 016 study. J 
Immunother Cancer 2018;6:109.

	34	 Dudek AZ, Liu LC, Gupta S, et al. Phase Ib/II clinical trial of 
pembrolizumab with bevacizumab for metastatic renal cell 
carcinoma: BTCRC-GU14-003. J Clin Oncol 2020;38:1138–45.

	35	 Hammers HJ, Plimack ER, Infante JR, et al. Safety and efficacy 
of nivolumab in combination with ipilimumab in metastatic 
renal cell carcinoma: the CheckMate 016 study. J Clin Oncol 
2017;35:3851–8.

	36	 Vaishampayan U, Schöffski P, Ravaud A, et al. Avelumab 
monotherapy as first-line or second-line treatment in patients with 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 20, 2025
 

h
ttp

://jitc.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
1 O

cto
b

er 2021. 
10.1136/jitc-2021-003473 o

n
 

J Im
m

u
n

o
th

er C
an

cer: first p
u

b
lish

ed
 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7316-6923
http://orcid.org/0000-0003-0184-3467
http://dx.doi.org/10.1016/j.ejca.2018.07.005
http://dx.doi.org/10.3322/caac.21654
http://dx.doi.org/10.3322/caac.21654
http://dx.doi.org/10.1016/j.euf.2020.05.003
http://dx.doi.org/10.1016/j.euf.2020.05.003
http://dx.doi.org/10.1056/NEJMra1601333
http://dx.doi.org/10.1038/s41571-019-0209-1
http://dx.doi.org/10.1016/j.semnephrol.2019.12.004
http://dx.doi.org/10.1001/jamaoncol.2018.4604
http://dx.doi.org/10.1038/s41585-019-0271-6
http://dx.doi.org/10.1016/j.clgc.2020.02.012
http://dx.doi.org/10.2147/CMAR.S202017
http://dx.doi.org/10.1038/s41571-020-0399-6
http://dx.doi.org/10.1016/j.euf.2019.10.010
http://dx.doi.org/10.1634/theoncologist.2018-0656
http://dx.doi.org/10.1186/s40425-019-0805-8
http://dx.doi.org/10.3389/fonc.2020.00862
http://dx.doi.org/10.1186/s40425-019-0615-z
http://dx.doi.org/10.1136/bmj.b2535
http://dx.doi.org/10.1200/JCO.19.00345
https://automeris.io/WebPlotDigitizer
https://automeris.io/WebPlotDigitizer
http://dx.doi.org/10.1136/bmj.l4363
http://dx.doi.org/10.1136/bmj.d813
http://dx.doi.org/10.1136/ebmental-2019-300117
http://dx.doi.org/10.1214/aoms/1177729756
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1002/jrsm.6
http://dx.doi.org/10.1002/jrsm.6
http://www.ncbi.nlm.nih.gov/pubmed/7786990
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1186/s40425-018-0420-0
http://dx.doi.org/10.1186/s40425-018-0420-0
http://dx.doi.org/10.1200/JCO.19.02394
http://dx.doi.org/10.1200/JCO.2016.72.1985
http://jitc.bmj.com/


11Tzeng A, et al. J Immunother Cancer 2021;9:e003473. doi:10.1136/jitc-2021-003473

Open access

metastatic renal cell carcinoma: phase Ib results from the JAVELIN 
solid tumor trial. J Immunother Cancer 2019;7:275.

	37	 Motzer RJ, Escudier B, George S, et al. Nivolumab versus everolimus 
in patients with advanced renal cell carcinoma: updated results 
with long-term follow-up of the randomized, open-label, phase 3 
CheckMate 025 trial. Cancer 2020;126:4156–67.

	38	 Topalian SL, Hodi FS, Brahmer JR, et al. Five-Year survival and 
correlates among patients with advanced melanoma, renal cell 
carcinoma, or non-small cell lung cancer treated with nivolumab. 
JAMA Oncol 2019;5:1411–20.

	39	 Atkins MB, Plimack ER, Puzanov I, et al. Axitinib in combination with 
pembrolizumab in patients with advanced renal cell cancer: a non-
randomised, open-label, dose-finding, and dose-expansion phase 
1B trial. Lancet Oncol 2018;19:405–15.

	40	 Choueiri TK, Motzer RJ, Rini BI, et al. Updated efficacy results from 
the JAVELIN renal 101 trial: first-line avelumab plus axitinib versus 
sunitinib in patients with advanced renal cell carcinoma. Ann Oncol 
2020;31:1030–9.

	41	 McKay RR, McGregor BA, Xie W, et al. Optimized management 
of nivolumab and ipilimumab in advanced renal cell carcinoma: 
a response-based phase II study (OMNIVORE). J Clin Oncol 
2020;38:4240–8.

	42	 Motzer RJ, Escudier B, McDermott DF, et al. Survival outcomes and 
independent response assessment with nivolumab plus ipilimumab 
versus sunitinib in patients with advanced renal cell carcinoma: 
42-month follow-up of a randomized phase 3 clinical trial. J 
Immunother Cancer 2020;8:e000891.

	43	 Naing A, Wong DJ, Infante JR, et al. Pegilodecakin combined with 
pembrolizumab or nivolumab for patients with advanced solid 
tumours (IVY): a multicentre, multicohort, open-label, phase 1B trial. 
Lancet Oncol 2019;20:1544–55.

	44	 Rini BI, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib versus 
sunitinib for advanced renal-cell carcinoma. N Engl J Med Overseas 
Ed 2019;380:1116–27.

	45	 Plimack ER, Powles T, Bedke J. Outcomes for patients in the 
pembrolizumab+axitinib arm with advanced renal cell carcinoma 
(RCC) who completed two years of treatment in the phase III 
KEYNOTE-426 study. J. Clin. Oncol 2021;39:327–27.

	46	 Motzer R, Alekseev B, Rha S-Y, et al. Lenvatinib plus pembrolizumab 
or everolimus for advanced renal cell carcinoma. N Engl J Med 
2021;384:1289–300.

	47	 Choueiri TK, Powles T, Burotto M. Nivolumab plus cabozantinib 
versus sunitinib for advanced renal-cell carcinoma. New England 
Journal of Medicine 2021;384:829–41.

	48	 Albiges L, Tannir NM, Burotto M, et al. Nivolumab plus ipilimumab 
versus sunitinib for first-line treatment of advanced renal cell 
carcinoma: extended 4-year follow-up of the phase III CheckMate 
214 trial. ESMO Open 2020;5:e001079.

	49	 Rini BI, Plimack ER, Stus V. Pembrolizumab (pembro) plus axitinib 
(axi) versus sunitinib as first-line therapy for advanced clear cell 
renal cell carcinoma (ccRCC): results from 42-month follow-up of 
KEYNOTE-426. J. Clin. Oncol 2021;39:4500–00.

	50	 McDermott DF, Huseni MA, Atkins MB, et al. Clinical activity 
and molecular correlates of response to atezolizumab alone or 
in combination with bevacizumab versus sunitinib in renal cell 
carcinoma. Nat Med 2018;24:749–57.

	51	 Rini BI, Powles T, Atkins MB, et al. Atezolizumab plus bevacizumab 
versus sunitinib in patients with previously untreated metastatic renal 
cell carcinoma (IMmotion151): a multicentre, open-label, phase 3, 
randomised controlled trial. The Lancet 2019;393:2404–15.

	52	 Choueiri TK, Larkin J, Oya M, et al. Preliminary results for avelumab 
plus axitinib as first-line therapy in patients with advanced clear-cell 
renal-cell carcinoma (JAVELIN renal 100): an open-label, dose-finding 
and dose-expansion, phase 1B trial. Lancet Oncol 2018;19:451–60.

	53	 Schadendorf D, Wolchok JD, Hodi FS, et al. Efficacy and safety 
outcomes in patients with advanced melanoma who discontinued 
treatment with nivolumab and ipilimumab because of adverse events: 
a pooled analysis of randomized phase II and III trials. J Clin Oncol 
2017;35:3807–14.

	54	 Ornstein MC. Intermittent therapy in metastatic renal cell carcinoma 
patients treated with ipilimumab and nivolumab, 2017. Available: 
https://​ClinicalTrials.​gov/​show/​NCT03126331

	55	 Zhang T. Immunotherapy with nivolumab and ipilimumab followed 
by nivolumab or nivolumab with cabozantinib for patients with 
advanced kidney cancer, the PDIGREE study, 2019. Available: 
https://​ClinicalTrials.​gov/​show/​NCT03793166

	56	 Takeuchi A, Eto M. JCOG1905: a randomized controlled phase III 
trial on continued or paused PD-1 pathway blockade for patients 
with advanced renal cell carcinoma secondary JCOG1905: a 
randomized controlled phase III trial on continued or paused PD-1 
pathway blockade for patients with advanced renal cell carcinoma, 
2020. Available: https://​rctportal.​niph.​go.​jp/​en/​detail?​trial_​id=​
jRCT1031200071

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 20, 2025
 

h
ttp

://jitc.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
1 O

cto
b

er 2021. 
10.1136/jitc-2021-003473 o

n
 

J Im
m

u
n

o
th

er C
an

cer: first p
u

b
lish

ed
 as 

http://dx.doi.org/10.1186/s40425-019-0746-2
http://dx.doi.org/10.1002/cncr.33033
http://dx.doi.org/10.1001/jamaoncol.2019.2187
http://dx.doi.org/10.1016/S1470-2045(18)30081-0
http://dx.doi.org/10.1016/j.annonc.2020.04.010
http://dx.doi.org/10.1200/JCO.20.02295
http://dx.doi.org/10.1136/jitc-2020-000891
http://dx.doi.org/10.1136/jitc-2020-000891
http://dx.doi.org/10.1016/S1470-2045(19)30514-5
http://dx.doi.org/10.1056/NEJMoa1816714
http://dx.doi.org/10.1056/NEJMoa1816714
http://dx.doi.org/10.1056/NEJMoa2035716
http://dx.doi.org/10.1136/esmoopen-2020-001079
http://dx.doi.org/10.1038/s41591-018-0053-3
http://dx.doi.org/10.1016/S0140-6736(19)30723-8
http://dx.doi.org/10.1016/S1470-2045(18)30107-4
http://dx.doi.org/10.1200/JCO.2017.73.2289
https://ClinicalTrials.gov/show/NCT03126331
https://ClinicalTrials.gov/show/NCT03793166
https://rctportal.niph.go.jp/en/detail?trial_id=jRCT1031200071
https://rctportal.niph.go.jp/en/detail?trial_id=jRCT1031200071
http://jitc.bmj.com/


Supplementary Table S1 Immunotherapy discontinuation criteria 

Study (trial identifier) Immunotherapy discontinuation criteria 

Amin 2018 (1) (CheckMate 016) PD, unacceptable toxicity, consent withdrawal, clinical judgment 

Amin 2018 (2) (CheckMate 016) PD, unacceptable toxicity, consent withdrawal, clinical judgment 

Atkins 2018 (NCT02133742) PD, CR, unacceptable toxicity, consent withdrawal 

Choueiri 2020 (JAVELIN Renal 101) PD, unacceptable toxicity, consent withdrawal, loss to follow-up, death 

Dudek 2020 (1) (BTCRC-GU14-003) PD, unacceptable toxicity, consent withdrawal, death 

Dudek 2020 (2) (BTCRC-GU14-003) PD, unacceptable toxicity, consent withdrawal, death 

Hammers (1) 2017 (CheckMate 016) PD, unacceptable toxicity, consent withdrawal, clinical judgment 

Hammers (2) 2017 (CheckMate 016) PD, unacceptable toxicity, consent withdrawal, clinical judgment 

McKay 2020 (OMNIVORE) PR, CR, PD, unacceptable toxicity, consent withdrawal 

Motzer 2020 (CheckMate 025) PD, unacceptable toxicity, consent withdrawal 

Motzer 2020 (CheckMate 214) 

PD, unacceptable toxicity, consent withdrawal, end of 2-year treatment 

(amendment) 

Naing 2019 (IVY) PD, unacceptable toxicity, consent withdrawal, study end 

Ornstein 2019 (NCT03126331) PD, unacceptable toxicity, consent withdrawal 

Topalian 2019 (CA209-003) PD, CR, unacceptable toxicity, consent withdrawal 

Vaishampayan 2019 (1) (JAVELIN 

Solid Tumor) 

PD, unacceptable toxicity, consent withdrawal, death 

Vaishampayan 2019 (2) (JAVELIN 

Solid Tumor) 

PD, unacceptable toxicity, consent withdrawal, death 

CR, complete response; PD, progressive disease; PR, partial response. 
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Supplementary Figure S1 Forest plots depicting the results of leave-one-out sensitivity analysis, 

in which the summary proportion ((A) ORR; (B) TFS rate at 6 months; (C) TFS rate at 12 

months) was estimated after iterative removal of each indicated study cohort. 
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Supplementary Figure S2 Funnel plots with pseudo 95% confidence limits for (A) ORR; (B) 

TFS rate at 6 months; (C) TFS rate at 12 months. 
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