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Abstract
Background Immune checkpoint inhibition (ICI) has changed the melanoma treatment spectrum. Few studies have examined 
the characteristics and long-term outcomes of patients achieving complete response (CR) under ICI.
Materials and methods We evaluated patients with unresectable stage IV melanoma treated with first-line ICI. The char-
acteristics of those achieving CR were compared with those not achieving CR. Progression-free survival (PFS) and overall 
survival (OS) were assessed. Late-onset toxicities, response to second-line treatment, the prognostic value of clinicopatho-
logic features, and blood markers were examined.
Results A total of 265 patients were included; 41 (15.5%) achieved CR, while 224 (84.5%) had progressive disease, sta-
ble disease, or partial response. At the therapy start, those who had CR were more likely to be older than 65 years of age 
(p = 0.013), have a platelet-to-lymphocyte ratio below 213 (p = 0.036), and have lower lactate dehydrogenase levels 
(p = 0.008) than those not achieving a CR. For those who discontinued therapy after CR, the median follow-up time after 
CR was 56 months (interquartile range [IQR] 52–58) and the median time from CR to therapy end was 10 months (IQR 
1–17). Five-year PFS after CR was 79% and 5-year OS was 83%. Most complete responders had a normalization of S100 
at the time of CR (p < 0.001). In simple Cox regression analysis, age below 77 years at CR (p = 0.04) was associated with 
better prognosis after CR. Eight patients received second-line ICI; disease control was seen in 63%. Late immune-related 
toxicities occurred in 25% of patients, most being cutaneous immune-related toxicities.
Conclusions Response, according to the Response Evaluation Criteria in Solid Tumors (RECIST) criteria, is, until now, the 
most important prognostic factor, and CR is a valid surrogate marker for long-term survival in patients treated with ICI. Our 
results highlight the importance of investigating the optimal therapy duration in complete responders.
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Key Points 

Response, according to the Response Evaluation Cri-
teria in Solid Tumors (RECIST) v1.1, is prognostic for 
long-term survival, and complete response (CR) is a 
valid surrogate marker in patients treated with immune 
checkpoint inhibition.

Higher CR rates were seen in patients older than 65 
years and in those with lower baseline LDH and platelet/
lymphocyte ratio.

Among complete responders, 5-year progression-free 
survival and overall survival after CR were 79% and 
83%, respectively.

Currently, the optimal duration of anti-PD-1-based ther-
apy in patients achieving complete response is unknown.

Better tools are needed to identify patients at higher risk 
of progression, despite achieving a complete response

1 Introduction

Anti-PD-1-based immunotherapy has improved survival in 
advanced melanoma patients. Therapeutic options in this 
setting include immune checkpoint inhibitors (ICI) and 
targeted therapy (TT) with BRAF and MEK inhibitors. 
One advantage of immunotherapy compared with TT is 
the sustained response off-treatment [1–4].

Prolonged treatment for up to 24 months affects the 
quality of life due to potential immune-related adverse 
events (irAEs) and psychological burden [5]. Longer 
therapy duration directly impacts the healthcare system 
through the direct therapy costs, the costs associated with 
managing irAEs, and the loss of working hours from the 
patients’ side. Therefore, there is a great need to determine 
the optimal duration of anti-PD-1-based therapy; however, 
there is currently no consensus on this matter.

Outside clinical trials, the standard total duration of ICI 
in advanced unresectable melanoma is 2 years if no pro-
gression or severe toxicities are documented. The standard 
therapy duration is based on the previous clinical trials 
for melanoma, where immunotherapy was given continu-
ously for up to 2 years. Shorter therapy courses have been 
associated with less response durability [6]. Other studies 
showed that the type of response is the most important 
prognostic factor for survival and that patients without CR 
should be treated longer [7–10]. This implies that the ideal 
therapy duration should depend on the type of response 

and that patients with complete response (CR), partial 
response (PR), or stable disease (SD) might need differ-
ent therapy durations. Moreover, this raises the question of 
whether additional markers, besides the type of response, 
could more accurately predict progression.

Around 15–25% of patients receiving ICI achieve a CR. 
A pooled analysis of data from stage III and IV melanoma 
patients treated with first-line nivolumab or nivolumab 
plus ipilimumab in the CheckMate 066, CheckMate 067, 
and CheckMate 069 studies showed that 19% of patients 
achieved CR under nivolumab and 23% under combined 
immunotherapy [11]. Another publication showed that 
16% of patients with advanced melanoma treated with 
pembrolizumab achieved a CR and 87.6% exhibited ongo-
ing responses 30 months after achieving CR [12].

The long-term outcomes of patients with CR treated 
outside clinical trials have not been systematically evalu-
ated, although some publications have addressed this topic 
[8, 13–15]. Predictors of progression in complete respond-
ers have not been broadly examined. Likewise, biomark-
ers to identify drug-related toxicities associated with pro-
longed treatment in these patients are missing. Indeed, 
shorter therapy duration that induces the same type of 
response could potentially minimize these toxicities [16].

In this study, we assess the characteristics and long-term 
survival outcomes of a real-world cohort of patients who 
achieved CR under ICI. We also analyzed potential prognos-
tic biomarkers and immune-related toxicities.

2  Methods

2.1  Study Design and Population

This retrospective, monocentric study includes unresectable 
stage IV melanoma patients who received ICI (anti-PD1 
monotherapy or combination therapy with anti-PD-1 and 
anti-CTLA-4) as first-line systemic therapy. Patients were 
treated at the Dermato-Oncology Center of the University 
of Tuebingen between 2014 and 2018. Additional eligibility 
criteria were (1) patients who provided informed consent to 
be enrolled in the Central Malignant Melanoma Registry 
(CMMR); (2) age above 18 years; (3) patients achieving 
CR, PR, SD, or progressive disease (PD) under ICI as the 
best overall response (BOR); and (4) minimum follow-up 
(FUP) of 2 months after BOR. The exclusion criteria were 
(1) patients treated in an adjuvant setting; (2) patients treated 
with anti-CTLA-4 monotherapy as first-line therapy; (3) 
participation in a clinical trial; (4) patients receiving fewer 
than two cycles of therapy and not achieving CR or PR; and 
(5) diagnosis of uveal melanoma (electronic supplementary 
material [ESM] Fig. 1). Staging was based on the 8th edition 
of the American Joint Committee on Cancer (AJCC) staging 
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system [17]. The response was assessed using the Response 
Evaluation Criteria in Solid Tumours (RECIST) version 1.1 
[18] approximately 3 months after starting therapy and every 
3 months thereafter. The severity of irAEs was documented 
using the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.03.

2.2  Statistical Analysis

Descriptive statistics were reported with median and 
interquartile range (IQR) for continuous variables, and 
counts (n) and percentages (%) for categorical variables. 
Patient characteristics of those who achieved CR were 
documented at the time of treatment start and compared 
with those who had PD, SD, or PR. The difference in CR 
rates between the groups was evaluated using the Chi-
square test. The Mann–Whitney U test was used to com-
pare differences in the continuous variables between the 
two groups.

Age, sex, body mass index (BMI), BRAF variants, 
histologic subtype, presence of brain or liver metasta-
ses, type of ICI received, reason for treatment discon-
tinuation, diagnosis of irAEs, and blood markers were 
documented and evaluated for their prognostic value. 
Blood markers included lactate dehydrogenase (LDH), 
serum protein S100, serum neutrophil-to-lymphocyte 
ratio (NLR), and serum platelet-to-lymphocyte ratio 
(PLR). Blood biomarkers were documented at therapy 
start (T0), at CR (T1), and at the time of progress when 
applicable (T2). Their relative change was calculated to 
assess their prognostic significance and investigate their 
variation over time. Using the median, upper, and lower 
quartiles or the reference value of our center, we evalu-
ated continuous variables as continuous and categorical. 
For PLR, the optimal cut-off was determined using the 
Youden index.

Late-onset irAEs were defined as irAEs occurring 
6 months after treatment started. Response to second-line 
treatment was also documented.

Survival analysis was performed using endpoints of PD 
for PFS and death for OS, and patients were censored at 
the last FUP date. The median survival and 5-year survival 
rates were calculated using the Kaplan–Meier estimator, and 
hazard ratios (HRs) were estimated using the simple Cox 
proportional hazards model.

All statistical analyses and data visualization were per-
formed using R (survival, survminer, and swimplot) version 
4.1. Reported p values were two-sided and a p value < 0.05 
was considered statistically significant.

3  Results

3.1  Patient and Disease Characteristics

Our study included 265 patients; 41 (15.5%) achieved a CR, 
while 224 (84.5%) had PD, SD or PR. The entire cohort had 
a median age of 67 years (IQR 56–77) at the therapy start, 
and 62% were male; 60% received anti-PD-1 monotherapy, 
while 40% received combination immunotherapy as first-line 
systemic therapy. At the therapy start, the median LDH was 
217 U/L (IQR 185–275) and the median S100 was 0.1 μg/L 
(IQR 0.06–0.22) [ESM Table 1].

Among those achieving CR and discontinuing therapy 
thereafter (n = 40), most (70%) were men and the median 
age at CR was 74 (IQR 66–77). Of these patients, 31 (77.5%) 
had cutaneous melanoma, 8 (20%) had occult melanoma, 
and 1 (2.5%) had mucosal melanoma. Twenty-six (65%) 
patients received anti-PD-1 monotherapy (15% nivolumab, 
50% pembrolizumab), while 14 (35%) patients received ipili-
mumab plus nivolumab.

The median treatment duration was 22 months (IQR 
17–24), the median time from therapy start to CR was 
6 months (95% confidence interval [CI] 4–8), and the 
median time from CR to therapy stop was 10 months (IQR 
1–17). Five (12%) patients were treated for <6 months, 
2 (5%) between 6 and 12 months, 5 (12%) between 12 
and 18 months, 20 (50%) between 18 and 24 months, 
and 8 (20%) for more than 24 months. The reasons for 
therapy discontinuation were PD (n = 1, 2.5%), severe 
irAEs (n = 8, 20%), patient/physician decision (n = 17, 
42.5%), and therapy discontinuation 2 years after therapy 
start without evidence of PD (n = 14, 35%). Of these 14 
patients, 8 received therapy for more than 2 years and 6 
received therapy for 2 years (ESM Table 2). In one patient, 
therapy is ongoing without evidence of PD.

After achieving CR, PD occurred in 8 (20%) patients 
within 5 years after CR. Only one patient had disease pro-
gression after CR while still receiving therapy, whereas 
the other seven had disease progression after therapy ces-
sation. One more patient (patient 31) had PD 5 years after 
achieving CR. Three patients died during the FUP period 
after PD.

3.2  Survival Analysis of Complete Responders

In patients achieving CR and discontinuing therapy there-
after (n = 40), the median FUP (mFUP) time after CR 
was 56 months (95% CI 52–58), and 47 months (95% CI 
38–51) after treatment discontinuation (Fig. 1a, b). Median 
progression-free survival (mPFS) and median overall sur-
vival (mOS) after CR were not reached (NR) [95% CI 
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NR–NR]. The median time to PD after CR was 17 months 
(95% CI 10–24). After CR, the 5-year PFS rate was 79% 
(95% CI 62–89%) and the 5-year OS rate was 83% (95% 
CI 60–93%) (Fig. 1c, d).

Among those achieving a CR, we saw that patients with 
CR within 3 months of therapy start did not develop PD, 
suggesting that a shorter time to CR since therapy start 
could potentially be associated with a more favorable 
prognosis (ESM Fig. 1a). However, these differences were 
not statistically significant, and the number of patients was 
small to draw any definitive conclusions.

No relation was found between total treatment duration 
(p = 0.754) or treatment duration after CR (p = 0.398) 
and survival. Furthermore, the type of immunotherapy, 
i.e. monotherapy versus combination therapy, was not 
significantly associated with response durability after 
CR (p = 0.551) and after therapy cessation (p = 0.663) 
[ESM Fig. 1b, c]. In the simple Cox regression analysis 
performed for the different clinicopathologic variables 
evaluated at the time of CR, age below 77 years (the upper 
quartile of the cohort) at CR was associated with a better 
PFS after CR (HR 0.24, 95% CI 0.06–0.95; p = 0.043) 
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Fig. 1  a Patient FUP using the reverse Kaplan–Meier method of 
those who achieved a CR under ICI. Time is calculated since CR. 
The mFUP time after CR was 56 months (95% CI 52–58). b Patient 
FUP using the reverse Kaplan–Meier method after treatment discon-
tinuation. mFUP time after treatment discontinuation was 47 months 
(95% CI 38–51). c Five-year PFS analysis of patients (n = 40) who 
achieved a CR under ICI and subsequently discontinued therapy. The 
Kaplan–Meier curve is displayed, and time is calculated since achiev-

ing CR. The 5-year PFS was 79% (95% CI 62–89%). d Five-year PFS 
analysis of patients (n = 40) who achieved a CR under ICI and subse-
quently discontinued therapy. The Kaplan–Meier curve is displayed, 
and time is calculated since treatment discontinuation. ICI immune 
checkpoint inhibition, CR complete response, FUP follow-up, mFUP 
median follow-up, CI confidence interval, PFS progression-free sur-
vival
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Table 1  Patients and disease characteristics of patients with stage IV melanoma who achieved a complete response compared with those with 
progressive disease, stable disease or partial response

BMI body mass index, CR complete response, IQR interquartile range, LDH lactate dehydrogenase, mut mutant, NLR neutrophil-to-lymphocyte 
ratio, PD-1 programmed death-1, PLR platelet-to-lymphocyte ratio, wt wild-type
a Values are reported as counts (n) and percentages (%) for discrete values, and as median and IQR for continuous values. For comparisons 
between categorical variables, Pearson’s Chi-square test was used, and for comparisons between continuous and categorical values, the Mann–
Whitney U test was used
b The Chi-square test was used and tested only for patients with information about this certain characteristic; the percentages do not include the 
patients for whom information was not available. Significant values are reported in bold

Complete responders [n =  41]a Non-complete responders [n =  224]a CR rate (%) p  valueb

Age, years
 Median (IQR) 73 (65–77) 66 (55–77) 0.13

Age at therapy start, years
 ≤ 65 11 (27) 107 (48) 9.3 0.013
 > 65 30 (73) 117 (52) 20.4

Sex
 Female 12 (29) 88 (39) 12 0.224
 Male 29 (71) 136 (61) 17.6

First-line systemic therapy
 Anti-PD-1 monotherapy 27 (66) 132 (59) 17 0.405
 Combination immunotherapy 14 (34) 92 (41) 13.2

Brain metastases at therapy start
 Metastases 6 (15) 57 (25) 9.5 0.135
 No metastases 35 (85) 167 (75) 17.3

Liver metastases at therapy start
 Metastases 7 (17) 76 (34) 8.4 0.032
 No metastases 34 (83) 148 (66) 18.7
BRAF mutation
 BRAF mut 12 (31) 58 (30) 17.1 0.898
 BRAF wt 27 (69) 137 (70) 16.4
 Missing (n) 2 29

LDH at therapy start (U/L)
 Median (IQR) 197 (172–226) 221 (189–279) 0.008
 Missing (n) 1 20

LDH at therapy start (U/L)
 ≤ 250 32 (80) 134 (66) 19.3 0.076
 > 250 8 (20) 70 (34) 10.3
 Missing (n) 1 20

S100 at therapy start (μg/L)
 Median (IQR) 0.1 (0.06–0.16) 0.1 (0.06–0.24) 0.6
 Missing (n) 3 21

S100 at therapy start (μg/L)
 ≤ 0.1 18 (47) 102 (50) 15 0.745
 > 0.1 20 (53) 101 (50) 16.5
 Missing (n) 3 21

BMI, kg/m2

 Median (IQR) 25.7 (22.6–28.5) 26.3 (23.5–29.7) 0.4
 Missing (n) 2 47

PLR at therapy start
 Median (IQR) 165 (132–211) 195 (145–251) 0.095
 Missing (n) 9 53

PLR at therapy start
 ≤ 213 25 (78) 100 (58) 20 0.036
 > 213 7 (22) 71 (42) 8.9
 Missing (n) 9 53

NLR at therapy start
 Median (IQR) 3.2 (2.2–4.2) 3.6 (2.5–5.3) 0.2
 Missing (n) 9 53
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and after treatment discontinuation (HR 0.17, 95% CI 
0.04–0.73; p = 0.022).

Of the 40 patients who discontinued therapy after CR, 
11 had a fluorodeoxyglucose-positron emission tomogra-
phy/computed tomography (FDG-PET/CT) scan to vali-
date CR, among whom 2 (18%) had PD during FUP.

3.3  Comparison between Complete Responders 
and Non‑Complete Responders

Patients who achieved a CR had a median age of 73 years 
(IQR 65–77), while those who did not achieve CR had a 
median age of 66 years (IQR 55–77). Complete responders 
were more likely to be over 65 years of age (Chi-square 
test, p = 0.013) and less likely to have liver metastasis 
(Chi-square test, p = 0.032). At treatment start, the median 
LDH in complete responders was lower than in non-com-
plete responders (Mann–Whitney U test, p = 0.008), and 
the baseline PLR was more likely to be below 213 (Chi-
square test, p = 0.036). The presence of brain metastases 
was not significantly different between those who had CR 
and those who did not (p = 0.135) (Table 1).

When comparing the OS of patients with CR and 
patients with PR, SD and PD, a statistically significant 
difference was observed between all subgroups (Fig. 2a). 
Of note, PFS and OS in patients with PR and CR differed 
significantly. Patients with PR had a 5-year PFS and OS 
since therapy initiation of 27% (95% CI 18–38%) and 50% 
(95% CI 38–61%), respectively, while those achieving CR 

had a 5-year PFS and 5-year OS of 78% (95% CI 61–88%) 
and 92% (95% CI 77–97%), respectively (Fig. 2a, b). The 
mPFS and mOS in patients with PR were 21 months (IQR 
16–31) and 55 months (IQR 35–NR), respectively, while 
both were NR in those having CR.

3.4  Blood Biomarkers

Using the Wilcoxon signed-rank test for matched pairs, we 
saw a statistically significant decrease in serum S100 (Wil-
coxon matched-pairs signed rank test, p = 0.043) from T0 
(therapy start) to T1 (time of CR) (Fig. 3a). At the time 
of CR, there was serum S100 normalization (Fisher test, 
p < 0.001). Moreover, although not statistically significant, 
a decrease in serum LDH (median difference = −3, mean 
difference T1–T0 = −44), PLR and NLR, and an increase 
in relative lymphocyte count from T0 (therapy start) to T1 
(time of CR) was seen (Fig. 3a–g). We subsequently com-
pared the S100 and LDH values at the time of CR (T1) and 
at the time of progression (T2) when these were available 
at both time points (n = 7). We saw a significant increase in 
S100 (p = 0.015) (Fig. 3c), and, although not significant, an 
increase in LDH was also seen (Fig. 3d).

Besides this, we saw that among patients with CR who 
later had PD, there were patients (n = 3) who had high base-
line NLR (above 7), PLR (above 340), and a low baseline 
relative lymphocyte count. The other patients who pro-
gressed (n = 4) and did not have a low baseline relative 
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Fig. 2  a The 5-year OS analysis of patients according to the response. 
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culated since treatment initiation. OS overall survival, PFS progres-
sion-free survival, RECIST Response Evaluation Criteria in Solid 
Tumors, CR complete response, PR partial response, SD stable dis-
ease, PD progressive disease
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Fig. 3  a–g Dot plots showing 
the variation of blood biomark-
ers (LDH, S100, PLR, NLR, 
and relative lymphocyte count) 
in patients who achieved a CR 
from baseline value at the time 
of therapy start (T0) to the time 
of complete response (T1) and 
time of progression (T2). Each 
line represents one patient, and 
the plots show only patients 
whose values were reported at 
both time points. LDH lactate 
dehydrogenase, PLR platelet-
to-lymphocyte ratio, NLR 
neutrophil-to-lymphocyte ratio, 
CR complete response
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lymphocyte count did exhibit a decrease in the relative num-
ber of lymphocytes and an increase in NLR (Fig. 3a–g).

3.5  Rechallenge with Second‑Line Immune 
Checkpoint Inhibitors

Rechallenge with ICIs was offered to the eight patients 
with PD after CR; seven (87.5%) patients received anti-
PD-1-based immunotherapy and one patient received ipili-
mumab. Disease control (CR, PR, or SD) was observed in 
five (63%) patients, while three (37%) patients experienced 
PD (Fig. 4a).

3.6  Immune‑Related Adverse Events

Overall, 28 of 40 (70%) patients had an irAE, 15 (37.5%) 
were cutaneous, and 15 (37.5%) were endocrinological; 8 
patients had hepatitis, 7 had gastroenterological irAEs, 5 
had respiratory irAEs, and 2 had neurological irAEs. Toxici-
ties that led to therapy discontinuation were as follows: one 
patient was diagnosed with neuritis, one with meningitis, 
one with pneumonitis, two with colitis, one with hypophysi-
tis, and one patient with pancreatitis.

Late-onset toxicities occurred in 10 (25%) patients. Nine 
were diagnosed during treatment, while one developed tox-
icity after the therapy was stopped. Drug-related adverse 
events included cutaneous toxicities (n  =  7), hepatitis 
(n = 1), arthritis (n = 1), neuritis (n = 1), and pancreati-
tis (n = 1). The cutaneous late-onset toxicities identified 
were bullous pemphigoid (n = 2), vitiligo (n = 2), Grover’s 
disease (n = 1), rhagade formation (n = 1), and mucositis 
(n = 1) (Table 2 and Fig. 4b). Four late-onset cutaneous 
toxicities were identified at or before the time of CR.

4  Discussion

In our study, with an mFUP of 56 months after CR, patients 
with CR, according to RECIST 1.1, displayed a survival 
benefit sustained at the landmark analysis of 5 years. There-
fore, we can assume that CR is a surrogate marker for long-
term survival in our cohort. Most patients (80%) experienced 
a durable response after treatment cessation, and neither the 
overall therapy duration nor the therapy duration after CR 
were related to survival. These data suggest that in most 
cases, it is reasonable to discontinue treatment after a CR.

In patients who achieved CR, the median time from ther-
apy start to CR was 6 months, which coincides with the 
second radiological assessment. Patients with CR within 
3 months of therapy initiation (n = 5) did not develop PD, 
suggesting that an early CR could be more favorable than 
CR achieved later in the course of therapy; however, the 

number of patients was low, therefore no definitive conclu-
sions could be drawn.

Robert et  al. showed that CR was more common in 
patients over 65 years of age, and other studies have demon-
strated that older age might be associated with response [12, 
19]. In mouse experiments, young mice had more T regula-
tory cells than older mice injected with the same tumors 
[19]. Moreover, older age has been linked to increased tumor 
mutation burden and a proinflammatory gut microbiome 
[20]. In our study, patients achieving CR were more likely to 
be older than 65 years of age, but patients older than 77 years 
of age (upper quantile) had a worse survival outcome than 
younger patients who also achieved CR. Our findings are in 
line with the meta-analysis of Wu et al., which shows that 
although people over 65 years of age had a more significant 
benefit from immunotherapy, no difference in survival was 
seen for those over 75 years of age [21].

Besides age, our data showed that elevated serum LDH, 
higher PLR, and liver metastases at the time of treatment 
start were associated with lower CR rates. LDH depicts the 
tumor burden, is an already known prognostic marker asso-
ciated with worse therapy outcomes, and is incorporated 
into the M category of the AJCC classification of melanoma 
[22–24]. PLR is a marker of systemic inflammation. NLR, 
PLR, and C-reactive protein have been associated with a 
worse prognosis in cancer, including melanoma [25–28]. In 
our cohort, patients with liver metastases were less likely 
to have a CR under ICI, which aligns with other working 
groups showing that different metastatic sites impact ther-
apy outcomes differently. Lee et al. reviewed that the liver 
microenvironment causes local immunosuppression due to 
its different types of antigen-presenting cells leading to an 
unconventional T-cell tolerance, showing that the tumor 
microenvironment plays a role in melanoma progression [29, 
30]. Finally, Pires da Silva et al. showed that liver melanoma 
metastases had the lowest response rate, and melanoma 
patients having liver metastases had low objective response 
rates and worse survival outcomes [31].

In our study, the majority of patients were men, and this 
overrepresentation is probably due to a selection bias that 
cannot be overcome due to the retrospective nature of this 
study.

In our analysis, 20% of patients developed PD—14% 
received combination ICI and 6% received monotherapy. 
In Checkmate 066, 067, and 069, up to 30% of patients 
receiving nivolumab had PD after CR [12]. Therefore, it is 
critical to find other tools and biomarkers besides response, 
according to RECIST 1.1, to identify those at risk of pro-
gression [32]. It is also important to compare how well the 
various imaging systems (RECIST, mRECIST, irRC, and 
iRECIST) identify complete responders in melanoma. Com-
bining these with PET/CT (PET Response Criteria in Solid 
Tumors [PERCIST] and immunotherapy-modified PERCIST 
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[imPERCIST]), which assesses the tumors metabolically, or 
performing a pathological assessment of the radiographic 
remnants, may increase accuracy in predicting long-term 

survival [33–36]. Dimitriou et al. used PET/CT to evaluate 
patients with PR according to RECIST 1.1. In this analy-
sis, the authors showed that patients with PR according to 

a

b
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RECIST 1.1 and complete metabolic response in PET/CT 
had a better outcome [34]. Ellebaek et al. also demonstrated 
that in patients with CR or PR, according to RECIST 1.1, 
the presence of FDG-avid lesions at the time of therapy dis-
continuation was an independent predictor of unfavorable 
survival [36].

The PET STOP trial (NCT04462406) is currently evalu-
ating the use of PET/CT and biopsy of the tumor lesions 
to decide on the optimal therapy duration. Specifically, 
patients in this study with a negative FDG-PET/CT scan or 
a negative biopsy from an avid FDG-PET/CT lesion will dis-
continue anti-PD-1 therapy (Table 3). Trials evaluating the 
optimal treatment duration, lower doses of ICI, and the ideal 
interval between doses in different solid cancers, including 
melanoma, are ongoing [37–39]. These are expected to shed 
light on the topic (Table 3).

Furthermore, as we see that 20% of the patients with CR 
progress after therapy discontinuation, monitoring them to 

detect minimal residual disease and progression is essential. 
Our study shows that serum S100 varied greatly from baseline 
level to time of CR and time of PD, making S100 a good moni-
toring marker for serial FUP after therapy discontinuation. We 
showed a significant decrease in S100 at the time of CR and a 
significant increase when PD was documented. In the future, 
the use of technics such as liquid biopsy for the detection of 
circulating tumor DNA (ctDNA), cell-free DNA (cfDNA), cir-
culating tumor cells (CTCs), microRNAs, extracellular vesi-
cles, antibodies against tumor antigens, and tumor-educated 
platelets (TEP) could help clinicians when deciding to stop or 
start therapy [40–46].

Regarding safety, up to 37.5% of patients with CR presented 
cutaneous toxicities. Previous publications have shown that 
cutaneous toxicities are associated with improved survival out-
comes [47]. Melanoma-associated vitiligo is associated with 
a good prognosis and shows increased melanoma-specific 
CD8+ T cells and a high interferon-γ signature, while anti-skin 
immunoglobulin (Ig) G has been associated with favorable 
outcomes [48–51]. Specifically, in a prospective observational 
study of patients developing vitiligo under pembrolizumab, 
Hua et al. showed that 18% achieved a CR and 53% achieved 
a PR [52]. Late-onset toxicity was documented in 25% of 
patients; in most, the irAEs were mild, in line with previous 
publications [53].

The advantages of our study include its long FUP time of up 
to 5 years after CR and the inclusion of patients receiving treat-
ment outside of clinical trials, which have restricted the inclu-
sion and exclusion criteria. We focused on the subgroup of 
patients achieving CR to shed light on the long-term outcomes 
of this patient subgroup. We included only patients receiving 
first-line anti-PD-1 monotherapy or combined immunotherapy, 
as prior treatment lines can influence response durability.

Fig. 4  a Patient swimmer plot showing the time patients achieved a 
CR under first-line immunotherapy. The type of ICI, therapy dura-
tion, off-treatment duration, response to rechallenge with second-line 
immunotherapy, disease progression, and death as events are also 
depicted. Type of treatment includes PD-1 inhibitor monotherapy 
(PD-1 inhibitor), CTLA-4 inhibitor monotherapy (CTLA-4 inhibi-
tor), and combined CTLA-4 and PD-1 inhibitor (CombiIT). b Patient 
swimmer plot showing the late-onset irAEs related to first-line immu-
notherapy. The time of onset and late-occurring immune-related tox-
icities are depicted. Type of treatment includes PD-1 inhibitor mono-
therapy (PD-1 inhibitor), CTLA-4 inhibitor monotherapy (CTLA-4 
inhibitor), and combined CTLA-4 and PD-1 inhibitor (CombiIT). 
CR complete response, PR partial response, SD stable disease, PD 
progressive disease, CombiIT combination immunotherapy, irAEs 
immune-related adverse events, ICI immune checkpoint inhibition, 
PD-1 programmed death-1, CTLA-4 cytotoxic T-lymphocyte-associ-
ated protein 4

◂

Table 2  Late-onset immune-related adverse events appearing after 6 months of therapy initiation

CR complete response
a These immune-related adverse events led to therapy discontinuation

ID Toxicity Type Start after therapy 
(months)

Start after CR 
(months)

Grade

51 Rhagades Cutaneous 20 −17 1
42 Bullous pemphigoid Cutaneous 11 −4 2
43 Arthritis and mucositis Arthritis and cutaneous 18 0 1
48 Vitiligo Cutaneous 21 0 1
39 Pancreatitisa Pancreatic 17 5 4
12 Neuritisa Neurological 15 12 4
20 Grover’s disease Cutaneous 15 12 2
26 Hepatitis Hepatobiliary 14 12 2
53 Bullous pemphigoid Cutaneous 25 16 2
23 Vitiligo Cutaneous 24 22 1
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The study’s limitations include its single-center retrospec-
tive design and CR being assessed using only RECIST 1.1 
criteria.

5  Conclusions

CR using RECIST 1.1 is a surrogate marker for long-term 
survival in patients receiving ICI. CR rates seem to be higher 
in patients older than 65 years of age and those with lower 
LDH and PLR before therapy started. The optimal therapy 
duration after achieving CR is unclear and needs to be inves-
tigated. Among complete responders, tools are still needed 
to identify patients at higher risk of PD.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40257- 023- 00775-7.
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