
ARTICLE

Clinical Studies

Impact of prior treatment with immune checkpoint inhibitors
on dacarbazine efficacy in metastatic melanoma
Sarah Bouchereau1, Louise Chaplain1,2, Magali Fort1, Alain Beauchet3, Thomas Sidibé4, Marie Chapalain1, Leire Gonzalez-Lara2,
Christine Longvert1,2, Astrid Blom1,2, Philippe Saiag1,2 and Elisa Funck-Brentano 1,2✉

© The Author(s), under exclusive licence to Springer Nature Limited 2021

BACKGROUND: Despite its low efficacy, chemotherapy with dacarbazine remains an option in metastatic melanoma patients after
failure of immune checkpoint inhibitors (ICI) ± targeted therapy. Some observations suggested an increased efficacy of
chemotherapy in melanoma or lung cancer patients previously treated with ICI; we aimed to evaluate the efficacy of dacarbazine in
a controlled-group study of patients pre-treated or not with ICI.
METHODS: We retrospectively collected data from all consecutive patients treated with dacarbazine for advanced cutaneous
melanoma without brain metastasis, in our skin cancer centre between June 2006 and September 2019. The primary endpoint was
progression-free survival (PFS); secondary endpoints were overall response rates (ORR), overall survival (OS) and safety of
dacarbazine.
RESULTS: Among 72 patients, 17 (23.6%) received dacarbazine after ICI and 55 (76.3%) without prior ICI. Despite less favourable
prognostic factors in patients ICI-pre-treated, median PFS was 4.27 months (range 0.89–43.69) in this group versus 2.04 months
(range 1.25–39.25) P= 0.03 in non-ICI-pre-treated patients; ORR were 35.3% and 12.7%, respectively. The median OS and the
occurrence of adverse events were similar in both groups.
CONCLUSION: Dacarbazine seems to offer a short-lived benefit in patients with progressive advanced disease despite ICI
(±targeted therapy), and could be an alternative before considering best supportive care.

British Journal of Cancer (2021) 125:948–954; https://doi.org/10.1038/s41416-021-01486-8

INTRODUCTION
New therapies such as immune checkpoint inhibitors (ICI) and
targeted therapy have considerably improved survival of patients
with advanced melanoma [1]. Targeted therapy, with BRAF and MEK
inhibitors, has the advantage of inducing rapid responses [2–4] while
ICI, with anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4; ipilimumab)
and anti-programmed cell death protein 1 (PD-1; nivolumab,
pembrolizumab) monoclonal antibodies (mAb) induces durable
responses [5–7]. As BRAF plus MEK inhibitors showed similar efficacy
in second and first lines whereas anti-PD-1 mAb efficacy is lower in
second line [8, 9], ICI are now being recommended as first-line
therapy in all patients with BRAF wild-type melanoma and in most
patients with BRAFV600-mutant melanoma [10]. However, a large
proportion of patients will progress: the 5-year overall survival (OS)
rates are 34%, 39% and 52% with targeted therapy [2], pembroli-
zumab alone [11] and nivolumab plus ipilimumab [6], respectively.
In the absence of clinical trials, few therapeutic options are offered

for patients failing these therapies. Despite low overall response
rates (ORR) (10–15%), dacarbazine may still be used, in the absence
of brain metastasis [12]. A few studies in melanoma or lung cancer
patients [13–15] have even suggested an improved efficacy of

salvage chemotherapy through a delayed effect of a prior treatment
with ICI, but control groups are lacking.
Our hypothesis was that prior ICI treatment could improve

efficacy of dacarbazine in advanced melanoma patients without
brain metastasis. Our aim was to compare PFS, OS and response
rates of dacarbazine with or without a previous treatment with ICI
in patients with advanced melanoma, and to compare the
tolerance of dacarbazine in both groups.

PATIENTS AND METHODS
Design and population
We conducted a retrospective study in our skin cancer referral centre. From
the Pharmacy Department list of all consecutive patients treated with
dacarbazine from June 2006 to September 2019, we included patients who
had received ≥2 infusions of dacarbazine for an unresectable stage IIIC, IIID
or IV cutaneous (or unknown) melanoma (uveal and mucosal melanoma
excluded) according to American Joint Committee on Cancer (AJCC) 8th
edition [16]. Patients with brain metastases before or at first day of
dacarbazine were not included. Patients who received an adjuvant
treatment with interferon α could be included, but no with ICI or BRAF
plus MEK inhibitors.
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Characteristics of included patients, data of primary melanoma and of
dacarbazine tolerance were collected. Two groups of patients, according to
whether they had received prior ICI therapy (ipilimumab, nivolumab and/or
pembrolizumab) (ICI group) or not (non-ICI group, patients treated before the
era of immunotherapy) were defined. Response to dacarbazine was assessed
every 2 months by thoraco-abdominopelvic computerised tomography scans
(CT-scans), brain CT-scans or magnetic resonance imaging according to
Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1) and
classified in four categories: complete response (CR), partial response (PR),
stable disease (SD) or progressive disease (PD) [17]. Adverse events of
dacarbazine and ICI-induced adverse events were collected and graded
according to the Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0. Prior lines of treatment (and response data) with ICI (immune
RECIST [18]: PD confirmed with 2 consecutive CT-scan 4 weeks apart), BRAF
and/or MEK inhibitors (RECIST 1.1), radiotherapy or adjuvant therapy with
interferon α were also collected. According to French Law, this study abided
by standard medical practices and did not require a written informed
consent. However, consent was obtained orally from all patients. In addition,
patients gave written informed consent to participate in national French
prospective cohorts of advanced melanoma (MelBase: NTC028228202, RIC-
Mel: NCT03315468, MelanCohort). The study was conducted according to the
principles of the declaration of Helsinki[19].

Statistical analysis
The primary endpoint was PFS, defined as the time from the beginning of
treatment with dacarbazine to date of progression or death, whatever the
cause. Secondary endpoints were OS, ORR defined as the proportion of
patients who achieved a PR or CR as best overall response rate (BORR).
BORR was defined as the best response recorded from the start of the
treatment until the PD or death. Quantitative data were expressed as
mean ± standard deviation, median and range, qualitative data as
frequency and percentages. Comparisons of means were performed using
the Student’s t-test and the Wilcoxon rank sum test as appropriate.
Comparison of median was performed using the Mood’s Median test.
Comparisons of frequencies were performed using the Chi-square test and
the Fisher’s exact test as appropriate. Survival curves of PFS and OS were
estimated for each group, considered separately, using the Kaplan–Meier
method and compared statistically using the log rank test. For all tests, a
P-value <0.05 was considered significant. Statistical analyses were
performed using R software version 3.2.3 (http://www.r-project.org).

RESULTS
Characteristics of patients
Among 100 consecutive patients treated for advanced melanoma
with dacarbazine during the study period, 72 have been included
in this study (Fig. 1). Characteristics of patients at the first day of
dacarbazine are described in Table 1.
In the ICI group, 17 patients (23.6%) received dacarbazine after

one line (nine patients (52.9%): nivolumab or pembrolizumab
monotherapy (N= 7), nivolumab plus ipilumumab (N= 2)) or two

lines of ICI therapy (eight patients (47.1%): ipilimumab mono-
therapy and nivolumab or pembrolizumab (N= 7), nivolumab and
then rechallenge with pembrolizumab after failure of targeted
therapy (N= 1)). ICI were discontinued because of PD (N= 16) or
toxicity (N= 1).
In the non-ICI group, 55 patients (76.3%) received dacarbazine

without prior ICI therapy, in first-line in the majority of patients (N=
50; 90.9%), while it was in second (N= 5; 29.4%) or ≥third line (N=
12; 70.5%) in post-ICI patients (P < 0.0001) (Table 1). Prior treatments
received before dacarbazine in both groups are summarised in
Table 2. The median time from the Day 1 of the first-line therapy to
the Day 1 of dacarbazine was 12.5 months [2.8–48.1] in ICI group
versus 0.0 months [0.0–14.3] in non-ICI group (P < 0.0001).
Significantly more patients from the ICI group had LDH superior
to upper normal limit and ≥3 metastatic sites than from the non-ICI
group (35.3% versus 21.8%, P= 0.009 and 76.5% versus 40.0%, P=
0.03, respectively. The proportion of patients with other pejorative
prognostic factors was not statistically different in both groups
(Table 1). The median delay between the last dose of ICI and the first
dose of dacarbazine was 0.9 months [0.5–18.8]. To note, among 247
patients with advanced melanoma treated with ICI in our
centre over the study period, 6.9% (17/247) had subsequent
dacarbazine treatment.

Progression-free survival
The median PFS was longer in the ICI group (4.27 months [95% CI
3.81–6.02]) than in the non-ICI group (2.04 months [95% CI
1.97–2.30], P= 0.03), (Fig. 2). The median number of dacarbazine
cycles performed was 6 [2–23] in the ICI group versus 3 [2–25] in
the non-ICI group (P= 0.13).

Secondary endpoints
Median OS was not significantly different in both groups:
10.40 months [95% CI 8.28–not reached] and 6.90 months
[95% CI 4.70–8.68], respectively, in the ICI group and non-ICI
group (P= 0.11), (Fig. 3). The ORR was 35.3% in the ICI group
versus 12.7% in the non-ICI group (P= 0.0007) (Table 3).
No difference was observed in the occurrence of adverse event

in both groups (Table 4). We did not find any factor associated
with a better PFS in the ICI group, such as the presence of severe
immune-related events (≥grade 3 CTCAE 5.0) (P= 0.80) or
objective response to ICI (P= 1) (data not shown).

DISCUSSION
Our study found a significantly better PFS from Day 1 of
dacarbazine treatment in advanced melanoma patients without

Non-ICI group
Patients who were not treated with

immune checkpoint inhibitors before
dacarbazine (N = 55)

ICI group
Patients who were treated with

immune checkpoint inhibitors before
dacarbazine (N = 17)

Patients included in the analyses (N = 72)

Metastatic melanoma patients
treated with dacarbazine (N = 100)

Exclusion criteria:
Brain metastasis (N = 13)
Only one infusion of dacarbazine (N = 7)
Mucosal melanoma subtype (N = 5)
Adjuvant therapy with dacarbazine (N = 2)
Lack of data (N = 1)

Fig. 1 Study flowchart. ICI immune checkpoint inhibitors.
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Table 1. Characteristics of primary melanoma and of patients at Day 1 of dacarbazine.

Total N= 72 ICI group
N= 17

Non-ICI group
N= 55

P-values

Breslow (mm, mean ± SD) 3.8 ± 3.6 5.0 ± 3.2 3.5 ± 3.7 0.19

Histological subtype

SSM 26 (36.1) 4 (23.5) 22 (40.0) SSM, nodular or LMM versus other
subtypes: 0.20Nodular melanoma 14 (19.4) 3 (17.6) 11 (20.0)

ACL 6 (8.3) 1 (5.9) 5 (9.1)

LMM 2 (2.8) 0 (0.0) 2 (3.6)

Unclassifiable 4 (5.6) 3 (17.6) 1 (1.8)

Unknown, no primitive 20 (27.8) 6 (35.3) 14 (25.5)

Age (years, mean ± SD) 68.7 ± 17.8 66.7 ± 13.4 69.3 ± 19.0 0.55

Patients of female gendre 19 (26.4) 6 (35.3) 13 (23.6) 0.36

Stage AJCC 8th edition

IIIC 3 (4.2) 0 (0.0) 3 (5.5) M1C versus other stages: 0.11

IIID 2 (2.8) 1 (5.9) 1 (1.8)

IV M1A 0 (0.0) 0 (0.0) 0 (0.0)

IV M1B 24 (33.3) 3 (17.6) 21 (38.2)

IV M1C 43 (59.7) 13 (76.5) 30 (54.5)

LDH plasma level

Normal 29 (40.3) 10 (58.8) 19 (34.5) Normal versus >ULN: 0.009

>ULN 18 (25.0) 6 (35.3) 12 (21.8)

Not reported 25 (34.7) 1 (5.9) 24 (43.6)

ECOG performance status

0 47 (65.3) 9 (52.9) 38 (69.1) ECOG > 1 versus ≤1: 0.47

1 13 (18.1) 4 (23.5) 9 (16.4)

≥2 12 (16.7) 4 (23.5) 8 (14.5)

Number of metastases distant sites

0 5 (6.9) 1 (5.9) 4 (7.3) ≥3 versus <3 sites: 0.03

1 15 (20.8) 1 (5.9) 14 (25.5)

2 17 (23.6) 2 (11.7) 15 (27.0)

≥3 35 (48.6) 13 (76.5) 22 (40.0)

Distant metastases site

Cutaneous or muscular 21 (29.2) 7 (41.2) 14 (25.5)

Node 27 (37.5) 12 (70.6) 15 (27.3)

Lung 55 (76.4) 13 (76.5) 42 (76.4)

Liver 31 (43.1) 8 (47.1) 23 (41.8)

Gastro-intestinal 20 (27.8) 8 (47.1) 12 (21.8)

Bone 17 (23.6) 5 (29.4) 12 (21.8)

Mutational status

BRAFV600 10 (13.9) 6 (35.3) 4 (7.3)

NRASQ61 10 (13.9) 5 (29.4) 5 (9.1)

Wild-type 14 (19.4) 5 (29.4) 9 (16.4)

Not reported 38 (52.2) 1 (5.9) 37 (67.3)a

Dacarbazine line therapy

First 50 (69.4) 0 (0.0) 50 (90.9) First line versus other lines:
<0.0001Second 9 (12.5) 5 (29.4) 4 (7.3)

Third and more 13 (18.1) 12 (70.6) 1 (1.8)

Delay between Day 1 of dacarbazine and Day 1 of
first-line therapy (months, median [range])

0 [0–48] 12.5 [2.8–48.1] 0 [0–14.3] <0.0001

Unless specified, data are numbers (percentage).
SSM superficial spreading melanoma, ACL acral lentiginous melanoma, LMM lentigo maligna melanoma, SD standard deviation, LDH lactate dehydrogenase,
ULN upper limit of normal, ECOG Eastern Cooperative Oncology Group.
aNot performed (before targeted therapy area).
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brain metastasis previously treated with ICI, as compared to
control patients not previously treated with ICI. The ORR was also
significantly higher in the ICI group despite a higher proportion of
patients with poor prognostic factors (high plasma LDH level,
number of metastatic sites) in ICI-pre-treated patients. Thus, a
positive impact of ICI pre-treatment on anti-tumour efficacy of
dacarbazine suggests an immune-related anti-tumour response of
dacarbazine, which would be enhanced by a delayed effect of the
immune therapy.

In clinical practice, chemotherapy is offered, despite the lack of
evidence-based data in the literature, to patients with no other
therapeutic options, still alive after a previous treatment with ICI
(±BRAF plus MEK inhibitors), discontinued because of PD or
toxicity.
In non-small cell lung cancer, Park et al. found in a controlled

study better ORR in 73 patients receiving chemotherapy
administered after anti-PD-1 or anti-PD-L1 mAb as compared to
chemotherapy administered previously (53.4% versus 34.9%,
respectively, P= 0.03) [12]. In melanoma, a study including 18
advanced melanoma patients treated with chemotherapy (includ-
ing 10 with dacarbazine) after a previous treatment with ICI found
a median OS of 12 months and a median PFS of 5.4 months. These
figures are better than survivals usually reported with dacarbazine
in this population of patients [15]. Also, a non-comparative
German study found a disease control rate (=rate of CR+PR+SD)
in 58 patients treated between 2007 and 2017 with chemotherapy
(mostly dacarbazine) after ICI near 25%, this rate was superior to
the one expected classically with dacarbazine [14]. In a non-
comparative retrospective multicenter study, 463 metastatic
melanoma patients treated with chemotherapy (including dacar-
bazine for 25%) after failing ICI were analysed, with a median PFS
of 2.7 months and a median OS of 7.1 months. These results seem
poorer than ours and may be explained by a higher delay
between the last dose of ICI and the first dose of chemotherapy:
1.9 months versus 0.9 months in our study, and by unfavorable
baseline patient characteristics (with 58% of ECOG > 1) [20]. It is
important to note that in the non-ICI group, 43.6% of patients did
not have reported LDH level recorded (versus 5.9% in the ICI
group); thus, the significance of the observed difference may be
questionable. However, a number ≥3 metastatic sites, another
major prognostic factor, was also significantly more frequent in
the ICI group than in the non-ICI group, without any missing data,
suggesting that the significant result with higher LDH is likely to
be admissible.
However, these series of reported cases lack a control group.

Recently, Hadash-Bengad et al. found better outcomes in 35
metastatic melanoma patients receiving chemotherapy (including
dacarbazine) when they were pre-treated with ICI, with a median
PFS of 5.2 months versus 2.5 months, squaring with our results.
Also, they focused on a chemotherapy-responsive patient, and
analyzed his immune cell population: they showed an increased
proportion of CD8+ cells, with elevated PD-1 and CD69
expression, during chemotherapy, as compared to ICI treatment
time, suggesting immune-activation [21].
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Fig. 2 Progression-free survival of dacarbazine in metastatic melanoma patients pre-treated with immune checkpoint inhibitors (ICI group) or
not (non-ICI group).

Table 2. Prior treatments received before dacarbazine in both groups.

Total
N= 72

ICI group
N= 17

Non-ICI
group
N= 55

Adjuvant therapy

Interferon α 12 (16.7) 5 (29.4) 7 (12.7)

Systemic metastatic therapy

Targeted therapy

BRAF+MEK
inhibitors

7 (9.7) 5 (29.4)a 2 (3.6)

BRAF inhibitor
monotherapy

2 (2.8) 1 (5.9) 1 (1.8)

MEK inhibitor
monotherapy

4 (5.6) 2 (11.8) 2 (3.6)

ICI

Nivolumab 9 (12.5) 9 (52.9) 0 (0.0)

Pembrolizumab 7 (9.7) 7 (41.2) 0 (0.0)

Ipilimumab 7 (9.7) 7 (41.2) 0 (0.0)

Nivolumab+
ipilimumab

2 (2.8) 2 (11.8) 0 (0.0)

Radiotherapy

Hypofractionated 16 (22.2) 11 (64.7) 5 (9.1)

Palliative 6 (8.3) 1 (5.9) 5 (9.1)

Delay between
radiotherapy and J1
Dacarbazine (months,
median [range])

9,52
[2.01–24.73]

8.42
[2.01–20.45]

11.13
[3.03–24.73]

Unless specified, data are numbers (percentage).
ICI immune checkpoint inhibitors.
aTwo patients received two lines of BRAF plus MEK inhibitors.
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To our knowledge, our study is the first to compare chemother-
apy efficacy, focusing on dacarbazine, in melanoma metastatic
patients according to prior ICI use. In our study, the median PFS of
2.0 months found in the non-ICI group, with a majority treated as
first line, was similar to the PFS reported with first-line dacarbazine in
clinical trials [12, 22].
We cannot exclude that improved PFS observed in the ICI group

is the consequence of an “immortal time bias”: [23] patients in our
ICI group had a much longer follow-up from Day 1 of the first-line
therapy to Day 1 of dacarbazine than those of the non-ICI group
(P < 0.0001), because we selected patients still alive when they
received dacarbazine. Indeed, a proportion of patients died before
they could be included in this study: over the study period, among
patients treated with ICI, with an estimated PD risk of 2/3 risk, only
6.9% were included on this study. Evolution kinetic profiles of
patients could also be different between the two groups: patients
from the ICI group had a much longer course from the diagnosis of
metastatic disease than patients from the non-ICI group. We can
assume that despite higher proportions of poor prognostic factors,
patients from the ICI group had a slower progression profile that
could explain better outcomes. Gaudy-Marqueste et al. reported that
kinetics index, calculated from changes in total metastatic volume
during the first three months of disease progression (before any
treatment), is the best prognostic indicator in metastatic melanoma
[24]. This value was not quantifiable in our study, due to its
retrospective nature (no CT-scan three months before the first
infusion of dacarbazine in first-line-treated patients). Thus, differ-
ences observed in evolution kinetic profiles in the two groups might
explain the significant difference observed in PFS. However, we
would also have expected a better OS if patients with slow kinetics

were selected, but median OS was not significantly different in the
two groups. Finally, we cannot rule out that the absence of
significant difference might be due to the low number of patients,
particularly in the group of patients pre-treated with ICI. Never-
theless, a possible difference in kinetic profiles between both groups
cannot explain the best ORR rate observed in ICI-pre-treated
patients. Ideally, prospective randomised data would be needed to
answer to these questions. Moreover, the longer PFS observed in the
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Number of subjects
ICI group: 17 16 13 8 5 3 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

Non-ICI group: 55 44 30 18 14 10 9 7 6 6 6 6 4 4 2 1 1 1 1 1 0

Fig. 3 Overall survival of dacarbazine in metastatic melanoma patients pre-treated with immune checkpoint inhibitors (ICI group) or not
(non-ICI group).

Table 3. Response to dacarbazine in both groups.

ICI group
N= 17

Non-ICI group
N= 55

P-values

Best response

Complete response 1 (5.9) 2 (3.6)

Partial response 5 (29.4) 5 (9.1)

Stable disease 7 (41.2) 7 (12.7)

Progressive disease 4 (23.5) 41 (74.5)

Overall response rate

(complete+ partial
responses)

6 (35.3) 7 (12.7) 0.0007

Unless specified, data are numbers (percentage).
ICI immune checkpoint inhibitors.

Table 4. Most common adverse events of dacarbazine in both groups.

Total
N= 72

ICI group
N= 17 (23.6)

Non-ICI group
N= 55 (76.3)

P-values
(All grades)

Anemia

All grades 19 (26.4) 7 (41.2) 12 (21.8) 0.13

Grades 3/4 3 (4.2) 1 (5.9) 2 (3.6)

Lymphopenia

All grades 17 (23.6) 6 (35.3) 11 (20.0) 0.21

Grades 3 5 (6.9) 3 (17.6) 2 (3.6)

Neutropenia

All grades 16 (22.2) 5 (29.4) 11 (20.0) 0.51

Grades 3/4 7 (9.7) 4 (23.5) 3 (5.5)

Thrombocytopenia

All grades 19 (26.4) 5 (29.4) 14 (25.5) 0.76

Grades 3/4 1 (1.4) 0 (0.0) 1 (1.8)

Fatigue

All grades 27 (37.5) 9 (52.9) 18 (32.7) 0.42

Grades 3/4 8 (11.1) 2 (11.8) 6 (10.9)

Nausea

All grades 17 (23.6) 5 (29.4) 12 (21.8) 0.53

Grades 3/4 0 (0.0) 0 (0.0) 0 (0.0)

Vomiting

All grades 12 (16.7) 5 (29.4) 7 (12.7) 0.14

Grades 3/4 0 (0.0) 0 (0.0) 0 (0.0)

Cholestasis

All grades 12 (16.7) 5 (29.4) 7 (12.7) 0.14

Grades 3/4 5 (6.9) 1 (5.9) 4 (7.3)

Diarrhoea

All grades 5 (6.9) 2 (11.8) 3 (5.5) 0.58

Grades 3/4 0 (0.0) 0 (0.0) 0 (0.0)

Unless specified, data are numbers (percentage).
ICI immune checkpoint inhibitors.
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ICI group in our study may be biased by the low number of patients
in this group, and should be confirmed in a larger study.
We can hypothesise that the ORR and increased PFS observed

represent a delayed effect of ICI mAB, but all patients except one,
who withdraw ICI for toxicity, had switched to dacarbazine after
experiencing PD on previous immune therapy, what goes against
this hypothesis. Patients treated with ICI had a PD confirmed with
2 successive CT-scan 4 weeks apart before initiating dacarbazine,
therefore the best PFS observed cannot be explained by pseudo-
progression due to ICI. To note, 12 patients (70.6%) from the ICI
group were treated with radiotherapy to enhance the efficacy of ICI
[25, 26], and 10 patients in the non-ICI group (18.2%) also received
radiotherapy several months before the first dose of dacarbazine
(Table 2). In the ICI group the median delay between the last dose of
ICI and the first dose of dacarbazine was 0.9 months [0.5–18.8]. We
can hypothesise that ICI were still active when dacarbazine was
introduced, the half-life of ICI being 25 days (nivolumab), 22 days
(pembrolizumab) and 15 days (ipilimumab) resulting in an elimina-
tion time of 4.1 months, 3.6 months and 2.5 months, respectively.
The mechanisms linking chemotherapy with the immune system

have been widely studied over the past decade. Chemotherapy is
able to induce immunogenic cell death, which induces an expression
of tumour antigens and the release of danger-associated molecular
patterns in the tumour microenvironment, during cell death [27].
Therefore, the action of the immune system is essential to its
effectiveness [28]. These discoveries have led to therapeutic
advances: in patients with non-small cell lung cancer, the combina-
tion of platinum-containing chemotherapy and pembrolizumab is
now used in first-line therapy, for certain histological subtypes [29]. It
seems that this combination reduces the risk of hyperprogression
but also benefits from a synergistic effect between chemotherapy
and immunotherapy [30]. Other studies showed a benefit with the
concomitant association of chemotherapy and immunotherapy in
urothelial carcinomas and in head and neck cancers [31–33].
Concomitant combination of chemotherapy and immunotherapy

has been rarely studied in first-line unresectable advanced
melanoma. Indeed, hyperprogression seems to be infrequent in
melanoma (around 10%) [34], the classical low efficacy of
chemotherapy in melanoma patients may make it more difficult
to highlight a synergistic effect. However, a phase 2 trial studying
ipilimumab plus fotemustine combination on 86 advanced mela-
noma, including 20 patients with brain metastases, showed a
disease control rate of 46.5% [35]. To our knowledge, the
combination of chemotherapy and anti-PD-1 has never been
studied in first-line metastatic melanoma.
Vera Aguilera et al. found, in a retrospective study about 60

patients with metastatic melanoma treated with chemo-
immunotherapy after PD-1 inhibitor failure, a clinical outcomes
improvement, compared to patients who received ICI or che-
motherapy alone [36]. Nevertheless, combination of chemotherapy
with immunotherapy should increase toxicity. In our study, as in the
Vera Aguilera et al. study, we have not reported more severe
adverse events in patients treated with the sequential treatment
with ICI mAb followed by dacarbazine compared to patients treated
with dacarbazine without a prior ICI therapy. To note, in our study,
no hospitalisation for a severe adverse event with dacarbazine was
observed in both groups. No randomised controlled trials have been
conducted comparing a systemic therapy with placebo or best
supportive care in metastatic cutaneous melanoma [37]. Thus, due
to its acceptable tolerance profile, dacarbazine does not seem to
affect quality of life, and can be offered to patients as an alternative
to best supportive care when no clinical trial is available for ICI-
resistant melanoma patients.

CONCLUSION
Our study shows, in a controlled setting, a modest but significant
improvement of PFS and ORR in patients treated with dacarbazine

after a previous treatment with ICI in comparison to the same
chemotherapy regimen, without prior immunotherapy with ICI.
These results confirm that dacarbazine, without any alternative
available therapy, is still part of the therapeutic arsenal in order to
treat patients with advanced melanoma after the failure of
immune checkpoint blockers (±BRAF plus MEK inhibitors in
BRAFV600-mutant melanoma), and could be offered before best
supportive care in these late-stage melanoma patients. Moreover,
this study highlights the hypothesis that ICI could enhance the
efficacy of chemotherapy, which has been shown in other cancers
but never in melanoma, classically resistant to chemotherapy. Our
results have to be confirmed in larger studies, and prospective
studies are required to clarify the mechanisms involved in the
enhancement of chemotherapy efficacy thanks to the previous
immunotherapy; the best sequence to achieve optimal anti-
tumour effects remains to be studied.
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