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Abstract
Background: Immunotherapy and targeted therapy are currently two alterna-
tive backbones in the therapy of BRAF-mutated malignant melanoma. However, 
predictive biomarkers that would help with treatment selection are lacking.
Methods: This retrospective study investigated outcomes of anti-programmed 
death receptor-1 monotherapy and targeted therapy in the first-line setting in pa-
tients with metastatic BRAF-mutated melanoma, focusing on clinical and labora-
tory parameters associated with treatment outcome.
Results: Data from 174 patients were analysed. The median progression-free sur-
vival (PFS) was 17.0 months (95% CI; 8–39) and 12.5 months (95% CI; 9–14.2) for 
immunotherapy and targeted therapy, respectively. The 3-year PFS rate was 39% 
for immunotherapy and 25% for targeted therapy. The objective response rate was 
72% and 51% for targeted therapy and immunotherapy. The median overall (OS) 
survival for immunotherapy has not been reached and was 23.6 months (95% CI; 
16.1–38.2) for targeted therapy, with a 3-year survival rate of 63% and 40%, re-
spectively. In a univariate analysis, age < 70 years, a higher number of metastatic 
sites, elevated serum LDH and a neutrophil–lymphocyte ratio above the cut-off 
value were associated with inferior PFS regardless of the therapy received, but 
only serum LDH level and the presence of lung metastases remained significant 
predictors of PFS in a multivariate analysis.
Conclusions: Present real-world data document the high effectiveness of immu-
notherapy and targeted therapy. Although targeted therapy had higher response 
rates, immunotherapy improved PFS and OS. While the prognostic value of LDH 
was confirmed, the potential use of blood cell count-derived parameters to pre-
dict outcomes needs further investigation.

https://doi.org/10.1002/cam4.6982
www.wileyonlinelibrary.com/journal/cam4
mailto:
https://orcid.org/0000-0002-4126-0410
https://orcid.org/0009-0000-0875-8332
https://orcid.org/0000-0003-4961-0339
https://orcid.org/0000-0002-5474-6866
https://orcid.org/0000-0003-2105-625X
https://orcid.org/0000-0002-7919-9619
https://orcid.org/0000-0002-8177-2605
https://orcid.org/0009-0002-5557-6026
http://creativecommons.org/licenses/by/4.0/
mailto:jindrich.kopecky@fnhk.cz
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcam4.6982&domain=pdf&date_stamp=2024-03-16


2 of 17  |      KOPECKÝ et al.

1   |   INTRODUCTION

Systemic therapy for patients with BRAF-mutated mel-
anoma is currently based on two different approaches, 
either targeted therapy (BRAF and MEK inhibition) 
or immunotherapy (anti-programmed death receptor 
(PD)-1 therapy alone or combined with anti-cytotoxic T 
lymphocyte antigen (CTLA)-4 therapy), both in the ad-
juvant (except for combined immunotherapy) or meta-
static setting.

In light of recently published results from pro-
spective trials and based on numerous retrospective 
studies with advanced melanoma, the perspective on 
the choice of targeted therapy and immunotherapy 
is becoming more apparent but still not well defined. 
Based on the results from a sequential prospective ran-
domised phase II Secombit trial,1 a phase III DreamSeq 
trial2,3 and RELATIVITY-047,4 there is a tendency to 
favour immunotherapy combination in the first line. 
These results align with previous signals from other tri-
als and subsequent analyses of subgroups with BRAF-
mutated patients.5,6 Nevertheless, these clinical trials 
compare doublet immunotherapeutic agents to BRAF/
MEK inhibitors. Because in most of these prospective 
and retrospective studies, the efficacy of the very same 
drugs in the second-line therapy was worse, it is es-
sential to maximise the clinical benefit of the first-line 
therapy to delay the need for patient transition to the 
second-line. However, given the lower response rate, 
it is uncertain whether first-line anti-PD1 monother-
apy is superior to BRAF/MEK inhibition as there are 
patients who are unsuitable for combination ipilim-
umab–nivolumab or relatlimab–nivolumab. Another 
unmet need is the lack of predictive biomarkers that 
could help us guide the best treatment option in real-
world practice.

We performed a retrospective analysis of patients 
with BRAF-mutated metastatic melanoma treated with 
BRAF/MEK inhibition therapy or anti-PD-1 monotherapy 
(nivolumab or pembrolizumab). Our study aimed to eval-
uate the efficacy, that is, progression-free survival (PFS), 
overall survival (OS) and objective response rate (ORR) of 
anti-PD-1 monotherapy and BRAF/MEK inhibition ther-
apy in patients with BRAF-mutated metastatic melanoma. 
We also searched for potential prognostic parameters that 
could aid in choosing the optimal treatment modality in 
the real-world setting.

2   |   MATERIALS AND METHODS

Consecutive treatment-naive patients with BRAF-
mutated metastatic melanoma who started treat-
ment between October 2012 and October 2021 in the 
University Hospital Hradec Kralove, University Hospital 
Olomouc, University Hospital Královské Vinohrady in 
Prague, County Hospital České Budějovice and Masaryk 
Memorial Cancer Institute were included in this retro-
spective study. All patients were indicated for therapy 
either with anti-PD1 therapy (nivolumab or pembroli-
zumab) or BRAF/MEK inhibition therapy (dabrafenib/
trametinib, vemurafenib/cobimetinib or encorafenib/
binimetinib).

The principal inclusion criteria included (1) metastatic 
melanoma (excluding uveal melanoma) with measurable 
disease (according to the RECIST v1.1 criteria); (2) BRAF 
V600 mutation; (3) no previous systemic treatment for 
advanced disease (patients with prior adjuvant treatment 
were included if completed more than 6 months before 
the therapy for metastatic disease); and (4) indication for 
treatment with nivolumab, pembrolizumab, dabrafenib/
trametinib, vemurafenib/cobimetinib and encorafenib/
binimetinib in standard dose schedule. Patients were ex-
cluded from analysis if (1) treated in a clinical trial, (2) 
were without baseline clinical data or (3) had a missing 
evaluation of radiologic results.

The study was conducted according to the principles of 
the Declaration of Helsinki and with the approval of the 
local ethic committee.

2.1  |  Variables and radiologic 
assessments

We collected the laboratory data from the patient's medi-
cal record before the treatment initiation and 12 weeks 
after the start of therapy. The following parameters were 
of interest: white blood cell count (WBC), platelets count 
(PLT), absolute lymphocyte count (ALC), absolute neutro-
phil count (ANC) and absolute monocyte count (AMC). 
The patient characteristics were also collected (age, sex, 
adjuvant treatment, site of metastases, number of affected 
organs/sites, primary histology and serum lactate dehy-
drogenase (LDH) levels).

BCDR assessed included neutrophil–lymphocyte ratio 
(NLR), platelet–lymphocyte ratio (PLR), lymphocyte–monocyte 
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ratio (LMR), systemic inflammation index (SII) and derived 
neutrophil to lymphocyte ratio (dNLR). NLR was calculated 
as NLR = ANC/ALC, PLR = PLT/ALC, LMR = ALC/AMC, 
SII = ANC × PLT/ALC and dNLR = ANC/(WBC-ANC).

Tumour extent was assessed at baseline and then every 
12 to 16 weeks. The response was classified according to 
the Response Evaluation Criteria in Solid Tumours v1.1 
(RECIST). Objective response rate (ORR) was defined as 
complete response (CR) together with partial response 
(PR), and disease control rate (DCR) was defined as CR, 
PR together with stable disease (SD).

Progression-free survival (PFS) was defined as an 
interval from the first treatment cycle to the first ev-
idence of radiological/clinical disease progression or 
death from any cause. In patients treated with im-
munotherapy, the treatment continued after the first 
progression documented by imaging methods. A 
confirmation imaging method was performed within 
4–8 weeks to rule out pseudoprogression. In case of 
confirmed disease progression, the date of the first 
imaging method demonstrating disease progression 
was used for the PFS calculation. PFS1 and PFS2 were 
used in the analysis of patients with sequential ther-
apy. The definition of PFS1 was the same as for PFS. 
PFS2 was defined as the time from the initiation of 
the second-line therapy to objective tumour progres-
sion on next-line treatment or death from any cause. 
Overall survival (OS) was defined as an interval from 
the beginning of therapy to death (event) or the last 
follow-up (censored). The cut-off date for the analysis 
was 4 February 2022.

2.2  |  Statistical analysis

Descriptive statistics were used to summarise patient and 
treatment characteristics. The comparison of parameters 
between patients with anti-PD1 or BRAF/MEK inhibi-
tors was performed with the chi-square, Fisher's exact and 
Mann–Whitney tests. The continuous data were dichot-
omised if feasible and meaningful.

Cox proportional hazards models for univariate and 
multivariate analyses were used to investigate associations 
of selected clinical variables with survival (PFS and ORR) 
and adjusted for baseline characteristics (therapy, gender, 
age, presence of synchronous metastatic disease, LDH 
and individual blood cell count-derived ratios). All pa-
rameters with a p-value <0.1 following univariate analysis 
were entered into the multivariate model. Results were 
presented as hazard ratios (HR) with 95% confidence in-
tervals (CIs). The Kaplan–Meier method with Rothman's 
95% confidence intervals (CI) was used to estimate OS and 
PFS survival curves.

A survival receiver operating characteristic (ROC) 
analysis was adopted to identify potential cut-offs 
that optimally stratify patients into risk groups. 
Optimal thresholds for blood cell count-derived ratios 
were determined based on literature reviews7–13 and 
our previous work, where we used those cut-offs and 
verified their applicability.14 The cut-off  values were 
set as follows: NLR 3, PLR 160, LMR 2, SII 800 and 
dNLR 1,9, respectively. Differences were considered 
statistically significant when the p-value was <0.05. 
The statistical analysis was performed by MedCalc® 
Statistical Software version 20.110 (MedCalc Software 
Ltd, Ostend, Belgium; https://​www.​medca​lc.​org; 
2022).

3   |   RESULTS

3.1  |  Patient characteristics

Among 227 patients harbouring BRAF mutation in the 
database and treated with targeted therapy or immuno-
therapy (Figure  1), 174 who fulfilled inclusion criteria 
were included in the OS, PFS, ORR analysis and univari-
ate and multivariate analyses. Sixty-five patients were 
treated with anti-PD1 (7 patients received pembroli-
zumab and 58 nivolumab), and 109 patients with BRAF 
V600E/K were treated with BRAF/MEK inhibitors (9 pa-
tients received vemurafenib/cobimetinib, 13 encorafenib/
binimetinib and 87 dabrafenib/trametinib). The median 
age of all patients was 66 years (range 24–91), and the 
performance status at the time of therapy was ECOG 0 
or 1. Twenty-four patients were pretreated with adjuvant 
therapy (7 patients before immunotherapy and 17 before 
BRAF/MEK inhibition). Thirteen patients had interferon 
alfa2b (4 in nivolumab and 9 in targeted therapy group), 
six nivolumab (all before BRAF/MEK inhibition), two 
patients had combination dabrafenib/trametinib (all be-
fore anti-PD-1 monotherapy), one patient had vaccine 
therapy before BRAF/MEK inhibition, and the patient 
with adjuvant chemotherapy was treated with anti-PD-1 
monotherapy after progression. One patient had adjuvant 
radiotherapy before palliative therapy with BRAF/MEK 
inhibition.

Fifty-eight patients received subsequent systemic ther-
apy, including 37 patients with a sequence of anti-PD-1 
therapy and combined BRAF MEK inhibitors or vice 
versa (Figure 1). When comparing baseline characteristics 
(Table 1), there was a significant difference in the number 
of involved metastatic sites, with a higher rate in patients 
treated with targeted therapy.

We did not observe any new toxicity signals for im-
munotherapy and targeted therapy. Twenty-two patients 
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stopped therapy due to toxicity; 11 are still alive (7 in the 
immunotherapy arm and 6 in the BRAF/MEK inhibition 
arm).

Eleven patients with anti-PD-1 monotherapy had to 
stop therapy due to toxicity grade 3 and higher (4× pneu-
monitis, 2× hepatitis, renal toxicity, colitis and diabetes 

F I G U R E  1   Patient enrolment.

Patients with metastatic
melanoma and BRAF

mutation (n = 227)

Patients treated with first-line anti-PD-1 immunotherapy
or BRAF/MEK targeted therapy (n = 174)

Patients treated with first-line BRAF/MEK
targeted therapy (n = 26)

Patients treated with first-line anti-PD-1
immunotherapy (n = 11)

-  Patients treated with first-line
 chemotherapy (n = 10)

- Patients treated with first-line
 anti-CTLA-4 immunotherapy (n = 7)

-  Patients treated with BRAF targeted
 monotherapy (n = 36)

-  Patients treated with only one line of therapy (n = 116)

Patients receiving two lines of therapy (n = 58)

Patients evaluable for OS and PFS analysis (n = 37)

-  Patients treated with second-line
 chemotherapy (n = 14)

- Patients treated with second-line
 anti-CTLA-4 immunotherapy (n = 3)

-  Patients treated with combined second-line
 immunotherapy (n = 4)
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T A B L E  1   Baseline clinical and demographic characteristics.

Immunotherapy Targeted therapy p-value

n = 65 % n = 109 %

Gender 0.52

Female 26 40 38 35

Male 39 60 71 65

Age 0.87

≥70 years 27 42 43 39

<70 years 38 58 66 61

Median (years, range) 65 (30–91) 66 (24–86) 0.91

BRAF mutation 0.0005*

V600E 39 60 58 53

V600K 17 26 13 12

Other (V600A, V600R G469K etc.) 2 3 0 0

The type of mutation not assessed 7 11 38 35

Synchronous metastatic disease (cut-off 
3 months)

0.61

Yes 21 32 30 28

No 44 68 79 72

Stage M (AJCC 8th version) 0.015*

M1a 26 40 26 24

M1b 13 20 12 11

M1c 20 31 55 50

M1d 6 9 16 15

Number of involved organs 0.0004*

1 26 40 18 17

2 and 3 32 49 58 53

≥4 7 11 33 30

Metastatic site 0.75

Lung 24 19 52 18

Liver 9 7 32 11

Lymph nodes 34 26 75 26

Subcutaneous and soft tissue 31 24 55 19

Brain 6 5 16 5

Bone 11 9 22 8

Other 14 11 40 14

Adjuvant therapy 0.49

Yes 7 11 17 16

No 58 89 92 84

LDH ≥ ULL 0.11

Yes 25 38 56 51

No 39 60 52 48

Not assessed 1 2 1 1

LDH (median, range) 3.37 1.1–20.5 3.84 1.9–23.2 0.11

Time to metastatic disease [median, 
months] (range)

25.8 (14.9–35) 17 (11–24) 0.85

Abbreviations: LDH, lactate dehydrogenase; ULL, upper limit level; *statistically significant.
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mellitus, neurotoxicity and myositis). Before stopping im-
munotherapy, three reached CR, five PR, and one patient 
SD and PD. Five patients needed subsequent therapy (2× 
chemotherapy, 1× nivolumab, 2× dabrafenib/trametinib).

Eleven patients treated with BRAF/MEK inhibition in 
the first line had to stop therapy because of toxicity (fe-
brile 5×, 2× phototoxicity, ocular toxicity, 2× renal toxic-
ity, rhabdomyolysis and cardiotoxicity). Before stopping 
for toxicity, two patients reached CR, four PR, two SD 
and one PD. Two stopped before the first radiologic eval-
uation. Five patients received the subsequent therapy 
(3× nivolumab, ipilimumab, nivolumab/ipilimumab).

3.2  |  Progression-free survival and 
objective response rate

At the cut-off date, the median follow-up was 34 months 
with a minimum of 4 months. One hundred sixteen pa-
tients have progressed (77 with targeted therapy and 39 
with immunotherapy). Only 58 patients received second-
line therapy before the cut-off date. At the time of anal-
ysis, 39 patients were still on the first-line therapy (24 
patients treated with targeted therapy and 15 treated with 
immunotherapy).

The median PFS was 17.0 months (95% CI; 8–39) and 
12.5 months (95% CI; 9–14.2) in patients treated with first-
line immunotherapy and targeted therapy, respectively 
(Figure  2A). There was no statistically significant differ-
ence between both groups with HR 0.8 (95% CI; 0.55–1.17; 
p = 0.26). The 1-, 2- and 3-year PFS rate was 53%, 43% and 
39% for anti-PD-1 therapy and 51%, 30% and 25% for tar-
geted therapy.

We observed a higher ORR in patients treated with tar-
geted therapy compared to immunotherapy, 72% vs 51%, 
with a similar proportion of CR in both groups (Table 2). 
The DCR also favoured targeted therapy. Conversely, the 
percentage of patients who progressed after achieving dis-
ease control was significantly higher in patients treated 
with targeted therapy than with immunotherapy (64% vs. 
45%) (Table S1).

The duration of disease control in patients with PR and 
SD was superior in patients treated with immunotherapy, 
HR 0.56 (95% CI; 0.31–1.0; p = 0.05) for PR and HR 0.34 
(95% CI; 0.12–1.0; p = 0.05) for patients with SD. Patients 
with CR had a similar median duration of response as for 
immunotherapy as targeted therapy (Figure 3A–C).

3.3  |  Overall survival

At the time of analysis, 78 patients have died. We observed 
a statistically significant difference with prolonged OS in 

the immunotherapy group (Figure  2B). The median OS 
in patients treated with immunotherapy has not been 
reached, while the median OS in patients treated with tar-
geted therapy was 23.6 months (95% CI; 16.1–38.2), with 
a 3-year survival of 63% and 40% for immunotherapy and 
targeted therapy, respectively.

3.4  |  Blood cell count-derived ratios 
(BCDRs)

We analysed all BDCRs for 64 patients (one patient was 
excluded for missing differential blood count) with anti-
PD-1 therapy and 109 patients with targeted therapy. In 
the group of patients treated with targeted therapy, we ob-
served a higher frequency of unfavourable profiles of all 
BDCRs except dNLR and PLR (Table 3).

To assess the impact of each BCDR on PFS, we per-
formed a Kaplan–Meier analysis for the immunotherapy 
and targeted therapy groups separately. All BDCRs de-
fined as unfavourable (except for LMR and PLR) were 
associated with significantly inferior PFS (Figure S1A–F) 
in the immunotherapy group. Conversely, in the targeted 
therapy group, only serum LDH level was significantly as-
sociated with adverse PFS (Figure S2A–F).

We observed no statistically significant differences in 
the Kaplan–Meier analysis for PFS comparing BCDRs be-
tween targeted therapy and immunotherapy (Table  S2). 
Nevertheless, we observed a trend of prolonged median 
PFS in patients treated with immunotherapy if the base-
line BDCR were below the cut-off. The most pronounced 
difference was for dNLR (44.9 vs. 14 months) and SII (25.8 
vs. 14 months).

3.5  |  Comparing CR/PR and 
PD responses

We compared two subgroups of patients, that is, those 
showing response to therapy (i.e., CR or PR) and patients 
progressing on therapy. We compared the basic clinical 
characteristics and laboratory parameters. No statistically 
significant differences were identified between these two 
subgroups (Table S3).

Next, we compared the targeted therapy and immuno-
therapy group objective response (CR, PR, PD). Patients 
who achieved CR and were treated with immunotherapy 
had, in comparison with patients with BRAF/MEK inhi-
bition therapy, higher incidence of nodular (65% vs. 29%) 
and superficial spreading histology (24% vs. 8%); the di-
agnosis was performed more often from primary lesions 
(12% vs. 54%), and they had higher proportion of BRAF 
V600K mutations (35% vs. 4%). In the group of patients 
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with PR response, the only statistical difference was seen 
for LDH elevation with lower frequency in the immuno-
therapy group (31% vs. 61%).

For blood cell count-derived parameters comparing 
groups of patients with immunotherapy and BRAF/MEK 
therapy, we observed differences in the frequency of NLR 
and SII above cut-off levels (12% vs. 46% and 18% vs. 50%, 
respectively) in patients with CR. There was a difference 
in LMR frequencies (94% vs. 63%) in patients with PR. In 
the case of PD, the only statistically significant differences 
were observed in a higher proportion of lymph node in-
volvement (14% vs. 27%) and a higher rate of patients with 
dNLR above the cut-off value (29% vs. 63%). All results are 
presented in Table S4.

3.6  |  Univariate and 
multivariate analyses

In the univariate analysis, age < 70 years, higher num-
ber of metastatic sites, elevated serum LDH and NLR 
above the cut-off value were associated with shorter PFS. 
Further, lung and liver metastases were significant predic-
tors of shorter PFS. However, only serum LDH level and 
the presence of lung metastases remained significant pre-
dictors of PFS in the multivariate analysis (Table 4).

We also performed univariate and multivariate anal-
yses for patients treated with targeted therapy and im-
munotherapy separately to evaluate the impact of each 
parameter on PFS within these subgroups. In the targeted 

F I G U R E  2   (A) Progression-free 
survival (PFS) and (B) overall survival 
for patients with immunotherapy and 
targeted therapy within the first line, CI, 
confidential interval; HR, hazard ratio.

 20457634, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6982 by C
harles U

niversity, W
iley O

nline L
ibrary on [18/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 of 17  |      KOPECKÝ et al.

therapy subgroup, age was no longer associated with 
shorter PFS in the univariate analysis. On the other hand, 
the presence of brain metastases showed a significant im-
pact on PFS in the univariate analysis. However, in the 
multivariate analysis, only serum LDH and lung and brain 
metastases were associated with shorter PFS (Table S5).

In the immunotherapy subgroup, the result of uni-
variate analysis identified age, serum LDH and NLR as 
predictors for PFS, similar to the general study popula-
tion. Furthermore, dNLR and subcutaneous and lymph 
node metastases were identified as additional negative 
PFS predictors in this subgroup. In contrast to the gen-
eral population, liver and lung metastases did not impact 
PFS in the immunotherapy subgroup. In the multivariate 
analysis, only age, serum LDH level and the presence of 
subcutaneous metastases had a statistically significant 
impact on PFS and demonstrated in shorter time inter-
vals (Table S6).

3.7  |  Sequential therapy

The second-line therapy was indicated in 58 patients. The 
therapy consisted of chemotherapy, anti-PD-1 or anti-
CTLA-4 monotherapy, combined immunotherapy and 
BRAF/MEK inhibition therapy (see Figure 1). The rest of 
the patients were not candidates for any further therapy 
due to rapid progression or deterioration of clinical status, 
and palliative care was indicated. The 37 patients receiving 
either anti-PD-1 monotherapy or BRAF/MEK inhibition 
in the second line were included in further analysis. More 
than two-thirds were treated with targeted therapy in the 
first line (25 with dabrafenib/trametinib and one with 
encorafenib/binimetinib). Eleven patients were treated 
with immunotherapy in the first line. These groups had 
no statistically significant differences in the clinical and 
demographic parameters. There was a slightly higher pro-
portion of male patients and patients with more affected 

organs/sites in the group with targeted therapy in the first 
line (Table 5). To the censoring date, the median follow-
up was 77 months, ranging between 6 and 77 months.

The median PFS1 for immunotherapy and targeted 
therapy was 6.0 months and 8.8 months, respectively. 
One-year PFS was 39% and 27% for immunotherapy 
and targeted therapy. The difference in median PFS was 
not statistically significant, with an HR of 1.21 (95% CI; 
0.57–2.60).

At the time of analysis, medians for PFS2 have not 
been reached. However, there was a significant improve-
ment with an HR of 0.30 (95% CI; 0.09–0.99) for the se-
quence immunotherapy-targeted therapy. One-year PFS2 
was 100% and 53% for the sequence immunotherapy-
targeted therapy and targeted therapy-immunotherapy, 
respectively.

The median OS for the sequence of immunotherapy-
targeted therapy has not been reached, and the median OS 
for the patients treated with targeted therapy in the first 
line, followed by immunotherapy, was 38.2 months (95% 
CI; 17.0–77.0). The difference was not statistically signifi-
cant due to a small sample size (HR 0.34; 95% CI; 0.1–1.28; 
p = 0.11). However, 1-, 2- and 3-year survivals were 100%, 
100% and 66% when immunotherapy was used in the first 
line and 85%, 57% and 57% for the group with targeted 
therapy in the first line.

4   |   DISCUSSION

The therapeutic landscape and optimal treatment se-
quence for advanced and/or metastatic melanoma was 
less clear at the time point when patients from our study 
population underwent therapy. However, new available 
data shed more light on the optimal treatment sequence. 
Based on clinical trial results, we currently have two fun-
damental treatment options, targeted therapy15–17 and 
immunotherapy.18–20 These new therapeutic approaches 
have significantly improved the outcome of metastatic 
melanoma patients. Although there are signals favouring 
doublet immunotherapy over BRAF/MEK inhibition ther-
apy in the first-line setting,1,2 choosing between anti-PD-1 
monotherapy and targeted therapy for treatment-naive 
patients with BRAF-mutant disease is still uncertain be-
cause we lack the data from head-to-head trials. Therefore, 
the data from the real-world setting are needed to inform 
the treatment selection.

We performed a retrospective study on 174 patients 
with BRAF-mutated melanoma. To the best of our knowl-
edge, this is one of the largest cohorts of patients focusing 
on this specific group of patients treated outside of a clin-
ical trial. It is essential to explore the outcomes of patients 
in the real world because clinical trials enrol patients 

T A B L E  2   Best tumour responses.

Immunotherapy
Targeted 
therapy p-value

n = 65 % n = 109 % 0.008

CR 17 26 24 22

PR 16 25 54 50

SD 14 22 12 11

PD 18 27 19 17

ORR 33 51 78 72

DCR 47 73 90 83

Abbreviations: CR, complete response; DCR, disease control rate; ORR, 
objective response rate; PD, progressive disease; PR, partial response; SD, 
stable disease.
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F I G U R E  3   Duration of response in 
patients (A) with complete response (CR); 
(B) with partial response (PR); and (C) 
with stable disease (SD).
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with specific disease characteristics based on certain pre-
defined eligibility criteria, often not met in daily clinical 
practice.21 A recently published paper retrospectively 
analysed nearly two thousand patients with metastatic 
BRAF-mutated melanoma. However, the paper focused 
more on the impact of the therapy sequence, concluding 
that the efficacy of second-line therapy is poor compared 
with first-line therapy.22 Nevertheless, there are countries 
where the therapeutic options are still limited without 
the possibility of combinational therapeutic regimes or 
the chance to use targeted therapy or immunotherapy in 
the second line. From this perspective, the present work 
has clinical relevance in the search for optimal first-line 
therapy.

Present data on ORR and PFS are consistent with the 
previously reported targeted therapy clinical trial results. 
In the three principal clinical trials of BRAF and MEK in-
hibitors, ORR ranged between 64% and 71%, median PFS 
and 3-year PFS rates were 12–14 months and 22%–28%, 
respectively.23–26 On the other hand, we observed marked 
differences for the anti-PD-1 therapy, with median PFS 
being more than twice longer than reported for nivolumab 
in melanoma patients with either non-mutated tumours 

(5.1 months) in the Checkmate 066 trial27 or irrespectively 
of BRAF tumour status (5.6 months for BRAF mutated 
and 6.9 months in unselected patients) in the Checkmate 
067 trial.5 The present PFS results were even better than 
for pembrolizumab in patients without prior therapy, as 
reported in the Keynote 006 trial (11.6 months).6 The ORR 
and 3-year PFS observed in the present retrospective study 
were also slightly superior to the clinical trials.

A selection bias might partially explain superior out-
comes observed in the patients treated with immunother-
apy. Based on baseline characteristics, patients treated 
with anti-PD-1 monoclonal antibodies in the present co-
hort had lower tumour burden (expressed as initial serum 
LDH level and the number of involved organs), and the 
present study population consisted of exclusively BRAF-
mutated patients. However, there were no marked differ-
ences in the baseline characteristics between the clinical 
trial populations (named above) and the present cohort. 
The presence of brain metastases was slightly higher in 
the present cohort (5%) compared to the clinical trials 
(2%–3%, except for the Keynote 006 trial, where 8%–13% 
of patients had brain metastases).6,19,28,29 Similarly to 
the clinical trials with BRAF/MEK inhibitors,15–17 we 

T A B L E  3   Baseline characteristics of blood cell count-derived ratios.

Immunotherapy Targeted therapy double p-value

n = 64 % n = 109 %

NLR 0.01*

≥ cut-off 22 34 59 54

< cut-off 42 66 50 46

NLR (median, range) 2.7 0.6–11.2 3.1 0.5–18.0 0.09

SII 0.04*

≥ cut-off 23 36 57 52

< cut-off 41 64 52 48

SII (median, range) 669.4 12.6–2479.3 848.9 55.0–7301.2 0.01*

dNLR 0.44

≥ cut-off 29 45 56 51

< cut-off 35 55 53 49

dNLR (median, range) 1.8 0.2–5.5 1.9 0.4–12.5 0.17

LMR 0.01*

≥ cut-off 55 86 75 69

< cut-off 9 14 34 31

LMR (median, range) 2.9 0.9–7.0 2.5 0.8–11.7 0.02*

PLR 0.07

≥ cut-off 21 33 51 47

< cut-off 43 67 58 53

PLR (median, range) 128.4 1.9–274.9 155.5 35.2–668.6 0.01*

Abbreviations: dNLR, derived neutrophil–lymphocyte ratio; LMR, lymphocyte–monocyte ratio; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte 
ratio; SII, systemic inflammation index; *statistically significant.
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observed a high activity of targeted therapy even in pa-
tients with unfavourable prognostic characteristics (high 
serum LDH levels, presence of brain metastases). Another 
possible explanation for better results of immunotherapy 
in comparison with targeted therapy presented in real-
world data studies, in general, might be due to different 
evaluations of disease progression, where in the case of 
confirmed pseudoprogression, the patient is counted as a 
non-progressor, which is different to randomised clinical 
trials where the classical RECIST 1.1. were applied.

The OS results in patients treated with first-line tar-
geted therapy in the present cohort were consistent with 
those reported in the clinical trials, where the median OS 
was 22–33 months and the 3-year OS was 38%–47%.23–26 
However, the median OS has not been reached in pa-
tients treated with immunotherapy, and the 3-year OS 
was slightly higher than presented in the previous clini-
cal trial population with anti-PD-1 monotherapy (50% vs. 
60%).6,19,28 These data and data from the therapy indicate a 
clear trend favouring immunotherapy in the first-line set-
ting, with an increase of ~20% in the 3-year OS rate. This 
is consistent with the results of the Dreamseq trial, where 
this difference was a reason for the premature stop of pa-
tient enrolment,2 although patients in the present retro-
spective study were treated with anti-PD-1 monotherapy.

A disbalance in the disease burden between the im-
munotherapy and targeted therapy groups might explain 
this difference in the present retrospective study. There 
are clear signals that patients with low-burden disease 
have higher chances of treatment efficacy regardless of 
whether it is immunotherapy30–32 or targeted therapy.33,34 
Nevertheless, a possible explanation for better immu-
notherapy outcomes might be the duration of tumour 
response. In the present study, we observed that only 
patients achieving CR had a probability of long-term re-
sponse in the targeted therapy group. Conversely, even pa-
tients with PR and SD achieved long-term disease control 
in the immunotherapy group. This phenomenon was also 
demonstrated in clinical trials with dabrafenib/trame-
tinib, as patients with CR showed 5-year OS rates of 71%, 
while patients with SD had a 5-year OS rate of only 16%.24 
Similar results were observed with vemurafenib/cobime-
tinib therapy.35

On the other hand, long-term responses were also ob-
served in patients achieving PR and SD who were treated 
with immunotherapy.5 As a next step, we decided to com-
pare patients achieving response to therapy (CR or PR) to 
those showing PD regarding baseline clinical and labora-
tory characteristics. However, no significant differences 
were observed. Only a statistical trend towards difference 

T A B L E  4   Univariate and multivariate analysis for progression-free survival.

Univariate analysis Multivariate analysis

HR 95%CI p-value HR 95%CI p-value

Type of therapy (IO vs. BRAF) 0.8 0.54–1.18 0.26 — — —

Gender (women vs. men) 1.09 0.75–1.59 0.65 — — —

Age ≥ 70 (yes vs. no) 0.65 0.43–0.98 0.04* 0.72 0.47–1.09 0.12

Initial metastatic (yes vs. no) 1.12 0.75–1.67 0.59 — — —

Number of involved sites ≥4 (yes vs. no) 1.73 1.15–2.6 0.008* 0.95 0.56–1.60 0.84

Adjuvant therapy (yes vs. no) 1.37 0.83–2.27 0.22 — — —

LDH ≥ ULL (yes vs. no) 1.87 1.30–2.71 0.0008* 1.63 1.10–2.41 0.01*

NLR1 ≥ 3 (yes vs. no) 1.47 1.02–2.13 0.038* 1.19 0.81–1.74 0.38

LMR1 ≥ 2 (yes vs. no) 0.81 0.53–1.22 0.32 — — —

PLR1 ≥ 160 (yes vs. no) 1.22 0.84–1.76 0.29 — — —

SII1 ≥ 800 (yes vs. no) 1.39 0.97–2.01 0.07 — — —

dNLR1 ≥ 1,9 (yes vs. no) 1.43 0.99–2.06 0.058 — — —

Lung metastases (yes vs. no) 1.75 1.21–2.53 0.0028* 1.71 1.12–2.62 0.01*

Liver metastases (yes vs. no) 1.68 1.12–2.54 0.013* 1.33 0.82–2.17 0.25

Lymph node metastases (yes vs. no) 1.04 0.72–1.51 0.83 — — —

Subcutaneous metastases (yes vs. no) 1.36 0.94–1.96 0.09 1.65 1.09–2.50 0.01*

Brain metastases (yes vs. no) 1.33 0.77–2.28 0.31 — — —

Bone metastases (yes vs. no) 1.32 0.84–2.07 0.23 — — —

Abbreviations: BRAF, BRAF inhibition; CI, confidential interval; dNLR, derived neutrophil–lymphocyte ratio; IO, immunotherapy; LMR, lymphocyte–
monocyte ratio; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio; SII, systemic inflammation index; ULL, upper limit level; *statistically 
significant.
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in serum LDH level and metastatic site involvement was 
observed when comparing patients with CR and PD.

The most burning issue in the therapy of meta-
static BRAF-mutated melanoma is the scarcity of bio-
markers predictive of therapy outcome. There are three 

principal directions in which biomarkers might be in-
vestigated: tumour tissue-derived biomarkers (mutation 
load, microsatellite instability, gene signatures), tumour 
microenvironment-based biomarkers (PD-L1, LAG-3 ex-
pression or presence of tumour infiltrated lymphocytes) 
and biomarkers associated with the host (microbiome and 
peripheral blood biomarkers).

Given the retrospective design of our study and the 
fact that knowledge of PD-L1 expression is not neces-
sary to administer targeted therapy or immunotherapy, 
we could not evaluate its impact on treatment results or 
identify if it could help us choose the best therapy. Until 
today, there are conflicting results regarding PD-L1 ex-
pression and therapeutic outcomes. The reason for such 
conflicting results might be due to the use of various PD-
L1 immunohistochemical assays, different evaluations of 
PD-L1 expression. Not to forget that PD-L1 is an induc-
ible parameter, and its expression might differ in primary 
and metastatic lesions.36,37 Although there seems to be a 
correlation between PD-L1 expression and the likelihood 
of therapeutic outcome, therapeutic activity has been 
observed even in patients with low PD-L1 expression.5 
Nevertheless, the knowledge of PD-L1 expression might 
be helpful if we have to choose between monotherapy 
and combined immunotherapy when the patients with 
negative PD-L1 expression may obtain a more significant 
benefit from the combination immunotherapy than from 
anti-PD-1 monotherapies.5

The parameters from peripheral blood are the easiest 
to obtain and seem to be good candidates as biomarkers 
to determine the possible outcome and monitor treatment 
effectiveness. However, interpreting such results might be 
challenging, limiting their use in clinical practice. Some 
signals show differences in the baseline of some BCDRs 
between patients with localised and metastatic disease.38

In recent years, several studies have tried to identify 
the impact of different BCDRs on the therapeutic out-
come.7,8,39 We chose parameters that are easily obtainable 
in daily routine and do not need additional procedures. 
Some BCDRs have recently been shown to be highly sen-
sitive biomarkers. Their usefulness has been proven as a 
prognostic factor in several cancers. However, there are 
only a few studies on melanoma patients treated with 
immunotherapy.40–45 Nevertheless, most of these studies 
evaluated NLR, with limited investigations of other ratios, 
including PLR, LMR, SII and dNLR.

BCDR indirectly reflect the state of inflammation. 
Inflammation is crucial in the pathophysiology of many 
disorders, including cancer.46 These parameters indirectly 
mirror the inflammatory process. It is supposed that these 
changes in peripheral blood may reflect the presence of 
lymphoid cells in the tumour environment, which may 
influence the therapeutic results. A neutrophilic response 

T A B L E  5   Baseline characteristics for patients with sequential 
therapy.

Sequence 
IO-TT

Sequence 
TT-IO p-value

n = 11 % n = 26 %

Gender 0.08

Female 7 64 8 31

Male 4 36 18 69

Braf mutation 0.16

V600E 9 82 16 62

V600K 2 18 3 12

Not assessed 0 0 7 26

Synchronous 
metastatic 
disease

0.12

Yes 5 45 5 19

No 6 55 21 81

Number of involved 
organs

0.07

1 3 27 4 15

2–3 8 73 13 50

≥4 0 0 9 35

Metastatic site 0.24

Lung 2 12

Liver 0 9

Lymph nodes 6 19

Subcutaneous 9 14

Brain 0 2

Bone 1 4

Other 3 15

Adjuvant therapy 0.65

Yes 1 9 6 23

No 10 91 20 77

LDH ≥ ULL 0.49

Yes 4 36 13 50

No 7 64 13 50

Age [median, years] 
(range)

67 (38–76) 64 (38–82) 0.85

Time to metastatic 
disease [median, 
months] (range)

11 (0–132) 15 (0–171) 0.35

Abbreviations: IO, immunotherapy; LDH, lactate dehydrogenase; TT, 
targeted therapy; ULL, upper limit level.
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in cancer, which might be mirrored as high NLR from 
peripheral blood, is associated with a poor prognosis. 
Indeed, it can inhibit the immune system by suppress-
ing the cytotoxic activity of T cells.47 Similarly, high PLR 
correlates with a worse prognosis because of the ability 
of platelets to participate in the inflammatory reaction by 
releasing growth factors and increasing angiogenesis.48 
Monocytes which serve as a source of dendritic cells and 
tumour-associated macrophages are considered to pro-
mote tumorigenesis, thereby driving the negative impact 
on melanoma mirrored as low LMR in peripheral blood.49

We observed that patients with unfavourable BCDR 
showed similar median PFS when treated with immuno-
therapy or targeted therapy. On the other hand, in the case 
of favourable baseline BCDR values, the median PFS was al-
most twice as long in patients treated with immunotherapy 
compared to those treated with targeted therapy, although 
not statistically significant (25 months in the immunother-
apy group and 14 months in the targeted therapy group, 
only for dNLR the median PFS was 44 months for immu-
notherapy). However, the only consistent parameter asso-
ciated with PFS in a multivariate analysis was serum LDH 
level. When we looked for a correlation between LDH and 
BCDRs, we found positive correlations between LDH and 
NLR, PLR, SII (ρ between 0.29–0.30, p = 0.0001) and neg-
ative correlation with LMR (ρ = 0.24, p = 0.001). However, 
these results do not confirm any causality. Contrarily, this 
was expected since LDH and BCDRs are linked to disease 
burden. Although BCDRs have the potential to be good 
prognostic markers, their disadvantage is that there are no 
stable cut-off levels, as in the case of LDH.

Consistently to our previous study, patients with fa-
vourable BCDR treated with immunotherapy had bet-
ter PFS than other subgroups.14 In contrast to previous 
results, patients with unfavourable BCDRs treated with 
BRAF inhibitors had better results than the immunother-
apy group. We believe this might be explained by different 
populations and fewer patients in the previous study.14 
Disproportions in baseline BCDRs between the subgroups 
might provide another explanation, although there was 
no significant difference in the proportion of patients with 
baseline LDH over ULL.

Considering all data from clinical trials and the present 
results, we can postulate that anti-PD-1 monotherapy and 
BRAF/MEK inhibition therapy in the first-line setting are 
effective. However, there remains an important question, 
which treatment sequence is superior to the other. During 
the last 2 years, at least two randomised clinical trials have 
addressed this question.2,50 Both of these trials favoured 
the sequence of immunotherapy followed by targeted 
therapy. In light of these results combined with other real-
world studies,34 it should be emphasised that the proper 
therapy sequence is crucial in terms of OS. Even in small 

numbers of patients and the use of anti-PD-1 monother-
apy, we saw the discrepancy between PFS and PFS2 favour-
ing sequence of immunotherapy followed with targeted 
therapy despite all biases as different tumour burden or 
pretreatment with adjuvant therapy. Several factors, such 
as an early switch to targeted therapy in case of primary 
resistance to immunotherapy, might cause this.

On the other hand, if targeted therapy fails, we might 
anticipate the immunosuppressive tumour environment 
to prevail. It has been demonstrated that BRAF inhibitors 
can potentiate immune activity.51–53 However, this effect 
is time-dependent, and with a longer duration of ther-
apy, this phenomenon might change to an immune sup-
pressive phenotype.52,54,55 This is well demonstrated and 
translated in clinical trials where the tumour response of 
immunotherapy is much lower in the second line after 
targeted therapy; meanwhile, the response to targeted 
therapy is more or less the same in the second and the 
first-line setting.2,50 Our data are in agreement with previ-
ous findings from subanalysis in clinical trials KEYNOTE 
00156 and 006.57 Treatment with pembrolizumab showed a 
reduced ORR in patients previously treated with targeted 
therapy56 and, conversely, longer PFS if not pretreated 
with targeted therapy.57

The present retrospective study has several limitations. 
First, given the study design, some patients were excluded 
from the analysis, such as patients treated with combina-
tion immunotherapy, resulting in possible selection bias. 
In the Czech Republic, the reimbursement of ipilimumab 
and nivolumab combination therapy is restricted to the 
patients fulfilling at least one of the following criteria: (1) 
patient's LDH level is higher than ULN; (2) patient has 
disease stage M1b or higher; (3) patient has two or more 
organs affected by metastases; and (4) patient has mucosal 
melanoma. These factors are considered to be unfavour-
able in general. So, excluding those patients could be a 
reason for excellent outcomes for immunotherapy, espe-
cially if we could find those unfavourable conditions more 
frequent in the targeted therapy group. A rather heteroge-
neous cohort of patients has been treated with different 
treatment regimens with differences in activity. Multiple 
analyses were performed in subgroups of limited size and 
statistical power.

We believe that all data from randomised clinical tri-
als and the real-world evidence including the present data 
should be considered when discussing treatment strategies 
in patients harbouring BRAF mutation to select a tailored 
therapy. In the real-world setting, we should remember 
what we want to achieve with the intervention. Based on 
available data, it seems that targeted therapy should be the 
choice if a major tumour response and, in particular, symp-
tom control is the goal. Conversely, immunotherapy seems 
to be the best choice if we want a durable and solid tumour 
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response. It should also be remembered that a response 
to immunotherapy after the failure of targeted therapy is 
worse than a response to targeted therapy after immuno-
therapy.2,58,59 Combining these two advantages (rapid and 
durable response) was the reason for performing clinical 
trials with triplet therapy, combining immunotherapy 
with targeted therapy. There was a hope that with this ap-
proach, we could combine the high therapeutic response 
of targeted therapy with the long-lasting effectiveness of 
immunotherapy. However, out of the three published tri-
als, only one showed statistically improved PFS.

Nevertheless, in an indirect comparison, HR and a 
2-year PFS seemed similar within the three studies.60–62 
These trials demonstrated that combining BRAF/MEK 
and immunotherapy is a feasible and active treatment 
option. In the context of an evolving treatment landscape 
with multiple immune checkpoint combinations now 
available, the future of the triplet regimen will depend on 
identifying the ideal clinical scenario for their use. A fur-
ther biomarker-driven investigation continues to identify 
patient subpopulations that could benefit from checkpoint 
inhibitor plus targeted therapy combinations.

5   |   CONCLUSIONS

In conclusion, in agreement with other reports, the pre-
sent analysis indicated the efficacy of first-line immu-
notherapy in patients with BRAF-mutated malignant 
melanoma. We demonstrated that even anti-PD-1 mono-
therapy has good antitumor activity and might be consid-
ered for use in patients where doublet immunotherapy is 
not feasible.

The predictive value of the BCDRs could not be 
demonstrated. Based on these data, these BCDRs seem 
to have greater potential use for immunotherapy than 
targeted therapy. A further prospective trial is warranted 
to evaluate the potential predictive value of BDCR in the 
decision-making process as alone standing parameter 
or in combination with other parameters such as PD-L1 
expression or gene signatures. Prospective trials should 
determine whether doublet immunotherapy or triplet 
therapy for patients with unfavourable clinical and labo-
ratory parameters would improve patient outcomes.
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