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A B S T R A C T   

Background: The biomarkers of immune checkpoint inhibitors (ICIs) efficacy and safety are still urgently needed. 
As cytokines are easily detected and monitored in circulation, they could be used as potential predictors of 
response and immune-related adverse events (irAEs) for ICIs therapy. 
Methods: The levels of TGF-β, IFN-γ, IL-6, IL-8, IL-10 were measured in sera and plasma by ELISA method of 30 
healthy controls (HC) and 32 BRAF wild type (wt) MM patients before and after every 12 weeks of Pem-
brolizumab, PD-1 inhibitor, until one year or disease progression (DP). 
Results: Higher pretherapy levels of circulating TGF-β, IFN-γ, IL-6, and IL-10 were shown in MM patients 
compared to HC. In patients with disease control, TGF-β and IL-6 first decreased during the therapy, while then 
they started to successively increase reaching the initial values by the end of the follow up. Furthermore, in this 
group of patients IFN-γ increased, while IL-8 and IL-10 decreased at final points of the follow up. In patients with 
DP IL-6 increased at the time of progression, while IL-8 decreased when the best response was achieved. In 
patients with pseudoprogression IL-6 and IL-10 significantly increased compared to the pretreatment values. 
Melanoma patients with irAEs had increased baseline values of TGF-β, IFN-γ, IL-6, and IL-10 compared to HC. 
However, no significant changes in cytokines levels were found in these patients during therapy. 
Conclusions: Inflammatory cytokines monitoring in circulation of BRAFwt MM patients could help in the selection 
of patients who will have the benefit from Pembrolizumab therapy.   

Introduction 

Melanoma is a highly aggressive skin tumor that originates from the 
pigment cells, melanocytes. This cancer is characterized by invasive 
growth and early lymphogenic and hematogenic metastasis, with a 5- 
year survival rate of 32 % in metastatic melanoma patients [1]. The 
clinical application of immune checkpoint inhibitors (ICIs), monoclonal 
antibodies that block inhibitory molecules, primarily CTLA-4 (Cytotoxic 
T-lymphocyte Antigen-4), PD-1 (Programmed Cell Death-1), PD-L1 
(Programmed Cell Death Ligand-1), has dramatically improved the 
outcome of patients with metastatic melanoma by increasing the anti-
tumor immune response of these patients [2]. It has been shown that the 
drugs that block the PD-1 pathway (Pembrolizumab and Nivolumab) 
provide higher response rates with a less toxicity than the blocker of 
CTLA-4 molecule, Ipilimumab [2,3]. However, despite the promising 

results of anti-PD-1 antibodies in melanoma, clinical outcomes remain 
highly variable and only a subset of patients shows long-term response 
[4]. Moreover, ICIs therapies can result in severe and potentially 
life-threating side effects termed immune-related adverse events (irAEs) 
[5]. Therefore, predictive biomarkers that can aid in more precise de-
livery of immunotherapy to melanoma patients are urgently needed. 
However, few biomarkers have been established that can predict treat-
ment success and positive clinical outcomes for patients [6]. As muta-
tions in tumor cells are thought to be very important for the generation 
of neoantigens that initiate anti-tumor immune response, tumor muta-
tional burden (TMB) may have a significant correlation with response 
rate and prognosis in these patients [7]. Moreover, transmembrane 
protein PD-L1, expressed on many tumor cells, plays a major role in 
suppressing the immune system via engagement of PD-1 expressed on 
activated T cells and natural killer (NK) cells [8]. However, none of the 
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investigated parameters has demonstrated a clinically-useful role in 
distinguishing between responder and non-responder patients. The 
clinical use of these markers is still limited due to the discrepancy of 
results and the requirement of tissue samples that have to be obtained by 
the invasive tumor biopsies. Therefore, the identification of prognostic 
and predictive biomarkers in peripheral blood may represent an alter-
native solution to avoid these problems [9]. Assessment of cytokines in 
plasma and sera may greatly increase our understanding of a patient’ 
immune response to the tumor before and during the treatment [10]. 

Cytokines are small soluble proteins that are secreted by numerous 
cells and have various biological activities in physiological and patho-
logical conditions. In complex microenvironment of tumor, they are 
involved in the regulation of development and progression of tumor 
cells, as well as they have the role in the modulation of host immune 
response. Therefore, cytokines represent a bridge between immune and 
tumor cells [11]. IFN-γ, multipotent cytokine mainly produced by acti-
vated helper 1 T (Th1) cells and NK cells, increases tumor immunoge-
nicity, inhibits the proliferation of tumor cells and promotes Th1, NK 
cells and cytotoxic T lymphocytes (CTLs) anti-tumor immune response. 
Contrary to IFN-γ, TGF-β, IL-6, IL-8 and IL-10 produced by various im-
mune and tumor cells directly or indirectly, by recruitment and acti-
vation of the immunosuppressive regulatory T (Treg) cells, myeloid 
derived suppressor cells (MDSCs) and tumor-associated macrophages 
(TAMs), inhibit anti-tumor immune response [12]. 

Although the role of cytokines in the regulation of the immune 
response is well known and many studies have evaluated the baseline 
levels and changes of cytokines in patients with various tumors during 
ICI treatment [10,13,14], the implication of cytokines as potential bio-
markers of response to this therapy is still controversial. In this study, we 
explored the biomarkers associated with clinical benefits such as tumor 
response, and onset of irAEs. The aim of this study is to investigate if 
serum or plasma TGF-β, IFN-γ, IL-6, IL-8, IL-10 can play a predictive role 
in BRAF wild type (wt) metastatic melanoma (MM) patients treated with 
Pembrolizumab and to assess any potential correlations between their 
levels and the treatment response and clinical safety. 

Patients and methods 

Patients’ characteristics, treatment details and response to therapy 

Thirty-two BRAFwt MM patients (stage IV according to 8th modified 
AJCC/UICC staging system) [15] of the Institute of Oncology and 
Radiology of Serbia and 30 healthy controls (HC) were involved in the 
study. The study was approved by the Ethical Committee of Institute of 
Oncology and Radiology of Serbia and all patients and HC signed the 
informed consent before inclusion in the study. The patients were 
treated only with anti-PD-1 therapy, Pembrolizumab, until disease 
progression or intolerable toxicity. The patients and HC were age and 
sex matched with no evidence of infection, autoimmune or any other 
disease. In patients, tumor assessment was performed at baseline and 
every 12 weeks of therapy and clinical response was classified according 
to immune-response evaluation criteria in solid tumors (iRECIST) [16]. 
Clinicopathological data and treatment outcomes were collected retro-
spectively from the patients’ database of the Institute and updated on 
August 15, 2022. Therefore, patients were divided into two groups: 14 
patients were with disease control, i.e. without disease progression 
(Non-DP) (patients who achieved complete response (CR), partial 
response (PR), or stable disease (SD)) and 18 patients achieved disease 
progression (DP). Furthermore, iRECIST criteria define pseudoprog-
ression of disease (PSPD) that represents initially growth of tumor 
typically within 12 weeks of immunotherapy followed by a subsequent 
response to immunotherapy. In this study 8 patients were observed as 
PSPD after 12 weeks of the therapy. However, only one patient with 
PSPD had disease control (PR). Peripheral blood samples obtained from 
patients were collected prior to the first administration of therapy and 
every 12 weeks of therapy until one year or until DP, between December 

2017 and April 2020. The characteristics of MM patients and HC are 
listed in Table 1. 

Measurement of cytokines by ELISA 

Blood samples of MM patients and HC were collected by venipunc-
ture. The sera and plasma samples were isolated and frozen immediately 
at -80 ◦C until analysis. The concentrations of TGF-β, IFN-γ, IL-8 and IL- 
10 in sera and IL-6 in plasma of the investigated patients and HC were 
determined by commercial uncoated ELISA kits, according to manu-
facturer’ instructions (Invitrogen) as previously described [17]. The 
quantification of IL-6 was carried in plasma samples, due to the low and 
often undetectable level that is below the range of standard curve in 
sera. 

Table 1 
The characteristics of patients and healthy controls.  

Characteristics MM HC 

Gender   
Male 14 (43.75 %) 16 (53.33 %) 
Female 18 (56.25 %) 14 (46.67 %) 
Age (years)   
Mean (SD) 59.34 (9.18) 60.53 (10.89) 
Median (Range) 59 (39–84) 58 (40–80) 
Leukocytes (x109/L)   
Mean (SD) 8.69 (4.21)  
Median (Range) 7.65 (3.6–20.7)  
Lymphocytes (x109/L)   
Mean (SD) 1.53 (0.64)  
Median (Range) 1.60 (0.5–2.8)  
Neutrophils (x109/L)   
Mean (SD) 6.00 (3.60)  
Median (Range) 5.00 (2.4–18.4)  
Performance status   
0 11 (34.37 %)  
1 10 (31.25 %)  
2 7 (21.88 %)  
3 4 (12.50 %)  
4 0 (0 %)  
Metastasis stage   
M1a 2 (6.25 %)  
M1b 10 (31.25 %)  
M1c 12 (37.5 %)  
M1d 8 (25 %)  
Immune-related adverse events   
Hepatotoxicity 1 (3.12 %)  
Eosinophilia 1 (3.12 %)  
Hypothyroidism 1 (3.12 %)  
Hyperbilirubinemia 1 (3.12 %)  
Neutropenia 1 (3.12 %)  
Baseline LDH   
Normal 20 (62.50 %)  
Elevated 12 (37.50 %)  
AST (U/L)   
Mean (SD) 25.62 (17.85)  
Median (Range) 19.50 (10–88)  
ALT (U/L)   
Mean (SD) 24.78 (21.56)  
Median (Range) 17.5 (9–108)  
γ-GT (U/L)   
Mean (SD) 48.37 (48.12)  
Median (Range) 33.50 (10–203)  
Pembrolizumab cycles   
Mean (SD) 29.28 (24.19)  
Median (Range) 26.5 (1–68)  
Therapy responses   
Non-DP 14 (43.75 %)  
CR 6 (42.86 %)  
PR 5 (35.71 %)  
SD 3 (21.43 %)  
DP 18 (56.25 %)  
Total 32 (100 %) 30 (100 %)  
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Statistical analysis 

Significance of difference for cytokine levels in sera and plasma of 
MM patients compared to HC was done by nonparametric Mann- 
Whitney exact test. The dynamics of changes in the cytokine levels 
during the Pembrolizumab therapy were analyzed by Wilcoxon 
matched-pairs signed rank test. For both tests the p values bellow or 
equal 0.05 were considered significant. 

Results 

In this study, peripheral blood of 32 MM patients was collected prior 
to anti-PD therapy and at time points of clinical evaluation that was 
performed after every 4 cycles of therapy. Namely, in the sera and 
plasma of MM patients inflammatory cytokines TGF-β, IFN-γ, IL-6, IL-8, 
and IL-10 were measured before therapy and after the 4th, 8th, 12th, 
and 16th cycle of therapy, or until the disease progression. A cycle was 
defined as 3 weeks of treatment. 

Pretherapy values of the investigated inflammatory cytokines in MM 
patients were compared to age-matched healthy controls. The obtained 
data showed significantly higher baseline levels of TGF-β, IFN-γ, IL-6, 
and IL-10 in MM patients (p < 0.01, Mann–Whitney exact test) but 
similar level of IL-8 (p > 0.05, Mann–Whitney exact test) (Fig. 1). 

The dynamics of cytokine fluctuation in peripheral circulation dur-
ing anti-PD-1 immunotherapy was evaluated by Wilcoxon matched- 
pairs signed rank test at time points of clinical evaluation. In this 
sense, in patients without disease progression (non-DP) the level of TGF- 
β significantly decreased after the 4th cycle of therapy compared to the 
baseline value, while after the 8th cycle it started to successively in-
crease reaching the level similar to the initial value by the end of the 
follow up (Fig. 2a). The level of IFN-γ significantly increased at the end 
of the follow up compared to the pretherapy level (Fig. 2b). Similarly to 
TGF-β, the level of circulating IL-6 fluctuated, showing the significant 
decrease after the 8th cycle and significant augmentation through the 
12th cycle till the end of the follow up when the concentration similar to 
the baseline was reached (Fig. 2c). However, the level of IL-8 signifi-
cantly decreased after the 12th cycle of anti-PD-1 therapy compared to 
the baseline value (Fig. 2d), while circulating IL-10 continuously 
decreased after the 4th cycle until the end of the follow up (Fig. 2e). 

In patients who achieved progression of the disease (DP) pretherapy 
levels of circulating cytokines were compared with the level detected at 
the time of best response and DP of these patients. Our results show that 
the level of IL-6 significantly increased at DP, while the level of IL-8 
significantly decreased at best response, while the level of circulating 
TGF-β, IFN-γ and IL-10 remained similar at the best response and DP 
compared to the baseline values (p ≤ 0.05, Wilcoxon matched-pairs 
signed rank test) (Fig. 2f). Furthermore, analyzing baseline cytokines 
levels we have shown that patients with DP had significantly higher 

level of IL-6 compared to patients with disease control (CR, PR, SD) (p <
0.01, Mann–Whitney exact test). The other analyzed cytokines had 
similar baseline levels in investigated groups of MM patients (p > 0.05, 
Mann–Whitney exact test) (Fig. 2g). 

In patients with pseudoprogression of disease after 12 weeks of the 
therapy the level of circulating IL-6 and IL-10 significantly increased 
compared to the baseline values (p ≤ 0.05, Wilcoxon matched-pairs 
signed rank test) (Fig. 3). 

Analyzing the peripheral blood leukocytes in investigated BRAFwt 
MM patients, we have shown that there were not any changes in their 
counts during Pembrolizumab therapy in MM patients without pro-
gression (non-DP), as well as in MM patients with DP (p > 0.05, Wil-
coxon matched-pairs signed rank test) (Table 2). 

Immune-related adverse events (irAEs) for investigated MM patients 
treated with Pembrolizumab are shown in Table 1. Also, we have shown 
that these patients had significantly higher baseline levels of TGF-β, IFN- 
γ, IL-6, and IL-10 compared to HC (p < 0.01, Mann–Whitney exact test) 
(Fig. 4). However, during the therapy no significant changes of the 
investigated cytokines levels were noted in patients with appearance of 
irAEs (p > 0.05, Wilcoxon matched-pairs signed rank test) (data not 
shown). 

Discussion 

The microenvironment of melanoma is a complex network that 
consists of various types of cells, cytokines and enzymes. The cytokines, 
low weight molecules, mediate immune cell-tumor cell communication 
[18]. In this study BRAFwt MM patients had statistically higher baseline 
levels of TGF-β, IFN-γ, IL-6, and IL-10 compared to HC that is in accord 
with various data in literature [10,19–21]. These cytokines are impor-
tant components of chronic inflammatory milieu in melanoma and they 
by various mechanisms directly or indirectly activate or inhibit immune 
cells [10,18]. 

Changes in cytokines levels during ICIs therapy regulate tumor 
microenvironment (TME), change the proliferation, differentiation and 
activation of immune cells, and influence the metastasis of cancer cells. 
Therefore, in this study we also analyzed the concentrations of investi-
gated cytokines during Pembrolizumab therapy. 

In MM patients without disease progression the level of TGF-β 
significantly decreased after the 4th cycle of therapy compared to the 
baseline value, while after that it started to successively increase 
reaching the level similar to the initial value by the end of the follow up. 
Contrary, in patients who achieved progression of the disease level of 
circulating TGF-β remained similar at the best response and DP 
compared to their baseline values. Therefore, early decrease of TGF-β 
during Pembrolizumab therapy could be the potential biomarker of 
therapy response in MM patients. TGF-β is pleiotropic cytokine pro-
duced by various cancer cells including melanoma, as well as immu-
nosuppressive cells, such Treg and MDSCs. It is known for late-stage of 
melanoma that TGF-β induces tumor progression by enhancing metas-
tasis, treatment resistance, and immune escape. The immunosuppressive 
effects of TGF-β on the TME are multiple. TGF-β suppresses the cyto-
toxicity of T cells and NK cells, induces Treg cells differentiation, recruits 
MDSCs, and inhibits the maturation and functions of dendritic cells 
(DCs) [22]. Therapeutic application of TGF-β/TGF-βR blockators in 
combination with ICIs is currently being tested in patients with meta-
static melanoma [23]. 

The role of IFN-γ in the prediction of the efficacy of ICI immuno-
therapy is intensively evaluated. In this study in patients without pro-
gression, IFN-γ significantly increased at the end of the follow up 
compared to its pretherapy level that is in accord with numerous results 
in the studies of MM and non-small cell lung cancer (NSCLC) patients 
[24–26]. In patients with DP there was no difference in IFN-γ level 
during Pembrolizumab therapy. Therefore, in patients with disease 
control anti-PD-1 therapy increases the production of IFN-γ which then 
increases tumor immunogenicity, inhibits tumor cell proliferation, and 

Fig. 1. Pretherapy cytokines levels. Metastatic melanoma patients (MM) have 
significantly higher levels of TGF-β, IFN-γ, IL-6, and IL-10 compared to healthy 
controls (HC) (Mann-Whitney test). The results are presented as mean value 
with standard deviation. 
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enhances the cytotoxic function of NK cells and CTLs. Additionally, this 
cytokine induces the secretion of various chemokines such as CXCL9 and 
CXCL10 that recruit tumor-activated T cells [27]. Moreover, IFN-γ 
released by T and NK cells stimulates DCs to produce IL-12, which in 
turn promotes the production of IFN-γ by stimulated lymphocytes and a 
positive feedback loop occurs [28]. Therefore increased IFN-γ may 

Fig. 2. Cytokines levels in metastatic melanoma (MM) patients without (non-DP) and with disease progression (DP). The dynamics of changes in a) TGF-β, b) IFN-γ, 
c) IL-6, d) IL-8 and e) IL-10 from baseline (pretherapy) value and after IV, VIII, XII and XVI cycles of anti-PD-1 therapy (Wilcoxon matched-pairs signed rank test) in 
non-DP MM patients. Results are presented as mean value with range (minimum and maximum); f) In MM patients with DP the level of circulating IL-6 increases at 
the time of progression, while IL-8 decreases when the best response was achieved compared to the baseline level (Wilcoxon matched-pairs signed rank test). The 
results are presented as mean value with standard deviation; g) Patients with DP have significantly higher baseline level of IL-6 compared to patients with disease 
control (complete response (CR), partial response (PR), and stable disease (SD)) (Mann-Whitney test). The results are presented as mean value with stan-
dard deviation. 

Fig. 3. Cytokines levels during pseudoprogression. The levels of circulating IL- 
6 and IL-10 significantly increase during pseudoprogression, after 12 weeks of 
the therapy, compared to the baseline values (Wilcoxon matched-pairs signed 
rank test). The results are presented as mean value with standard deviation. 

Table 2 
Leukocyte count in metastatic melanoma patients during therapy.  

Leukocytes (x 
109/L) 

Baseline After IV After 
VIII 

After XII After XVI 

Non-DP 8.32 ±
4.12* 

7.75 ±
4.60 

7.78 ±
2.99 

7.66 ±
3.22 

7.45 ±
3.21 

DP 8.97 ±
4.74 

8.72 ±
3.35 

9.09 ±
4.45 

8.93 ±
3.74 

9.02 ±
5.09  

* Results are presented as mean ± standard deviation. 

Fig. 4. Cytokines levels in metastatic melanoma (MM) patients with immune- 
related adverse events. MM patients with immune-related adverse events 
have significantly higher baseline levels of TGF-β, IFN-γ, IL-6, and IL-10 
compared to HC (Mann–Whitney exact test). The results are presented as 
mean value with standard deviation. 
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represent a positive biomarker for ICI therapy response. 
Interleukin-6 is a proinflammatory cytokine that is involved in cell 

growth, immune regulation and inflammation. In melanoma microen-
vironment this cytokine is chronically elevated and it has the role in 
carcinogenesis and tumor metastasis, as well as in the inhibition of anti- 
tumor immune response [29]. High baseline IL-6 could be a biomarker 
of tumor progression and poor prognosis in MM patients receiving ICIs 
[14,30,31]. Therefore, in this study we showed high pretherapy IL-6 
values in patients with disease progression compared to patients with 
disease control i.e. CR, PR, and SD. It is known that IL-6 interferes with 
the development of DCs or it induces the differentiation and activation 
of immunosuppressive MDSCs [29]. In this study in non-DP patients 
plasma IL-6 showed the significant decrease after the 8th cycle of 
Pembrolizumab and significant augmentation through the 12th cycle till 
the end of the follow up when the concentration similar to the baseline 
was reached as we have shown for TGF-β. Contrary, in patients who 
achieved progression the level of IL-6 significantly increased at the time 
of progression. Tsukamoto et al. [20] have shown in patients with 
melanoma, treated with anti-PD-1 inhibitor, Nivolumab, increased sys-
temic level of IL-6, which was associated with poor clinical response. 
Therefore, continual increase in IL-6 level during ICI therapy could be a 
negative biomarker of prognosis in melanoma patients. 

Furthermore, we analyzed the level of IL-8 during Pembrolizumab 
therapy. This proinflammatory chemokine (CXCL8), produced by 
various cell types, has the role in the recruitment of leukocytes in 
healthy or injured tissue. It also has the important role in the process of 
tumor progression. Tumor-derived IL-8 promotes the trafficking of 
neutrophils and MDSCs into the tumor microenvironment and has the 
ability to dampen anti-tumor immune response [32]. In this study, the 
level of IL-8 in patients without progression significantly decreased after 
the 12th cycle of Pembrolizumab (after 9 months) compared to the 
baseline value. Contrary to non-DP patients, in DP patients the level of 
circulating IL-8 remained similar at the time of progression compared to 
the baseline values. Agulló-Ortuño et al. [33] have shown that the 
increased level of IL-8 (2 months after immunotherapy) was associated 
with poor overall survival (OS) in NSCLC patients, while Boutsikou et al. 
[25] have reported that increased level of IL-8 (3 months after immu-
notherapy) was correlated with prolonged OS in 26 NSCLC patients 
treated with anti-PD-1 in first or second line. Furthermore, in the pa-
tients who achieved progression we have shown that the level of IL-8 
was significantly decreased at best response, compared to the baseline 
values, but increased upon progression that is in accord with results of 
Sanmamed et al. [34]. 

The role of IL-10 in tumor pathogenesis is controversial, with some 
findings showing that IL-10 promotes tumor development, while the 
other results show that this cytokine inhibits tumor growth and metas-
tasis [35]. In immunosuppressive TME IL-10, produced by cancer cells, 
MDSCs, TAMs, Treg cells, enhances tumor cell survival, proliferation 
and metastasis by the inhibition of NK and CTL cells. Furthermore, 
together with IL-1, IL-6, TNF, prostaglandin E2 IL-10 promotes myelo-
poiesis, skews differentiation of monocyte progenitors into mMDSCs. 
Also, IL-10 induces the expression of Foxp3, TGF-β receptor 2 and TGF-β 
on activated Treg cells, and thus stabilizes the phenotype and function of 
these cells [36,37]. Contrary to patients with progression, in the patients 
without DP in this study, serum IL-10 continuously decreased after the 
4th cycle of therapy until the end of the follow up. Increased IL-10 in 
serum of various cancer patients often correlates with a poor prognosis 
[19]. It has been shown that PD-1 or IL-10 blockade as monotherapy is 
less efficient compared to therapeutical application of their combination 
that delays tumor growth by decrease of MDSCs infiltration [38]. 

In this study we show for the first time increased values of IL-6 and 
IL-10 in MM patients with pseudoprogression observed after 4 cycles of 
Pembrolizumab therapy (12 weeks). Monitoring the changes in cyto-
kines levels during ICI therapy may also be useful in identifying pseu-
doprogression [39]. During this process, increase in the infiltration of 
immune cells in tumor lesion impacts on the increase of the volume of 

tumor mass. Current imaging techniques cannot differentiate the 
composition of cells inside the growing tumor lesion. However, mea-
surement of circulating cytokines might reflect more accurately changes 
in the tumor compartment. Sanmamed et al. [34] show that serum IL-8 
levels significantly decreased compare to baseline values during the 
increase in tumor size shown by imaging evaluation. Our results of 
increased circulating IL-6 and IL-10 in PSPD generate the hypothesis 
that changes in these cytokines levels might become a useful tool to 
diagnose and follow pseudoprogression. However, only one patient with 
PSPD in this study had disease control. The relationships between cy-
tokines levels in circulation and anti-PD-1 treatment outcomes are not 
well established. Larger series of patients experiencing pseudoprog-
ression need to be studied to confirm these findings. 

Furthermore, in this study, we analyzed the peripheral blood leu-
kocytes in BRAFwt MM patients and have shown that there were not any 
changes in their counts during Pembrolizumab therapy in MM patients 
without progression, as well as in patients with DP. Therefore, the 
number of leukocytes in this study does not have any association with 
changes in cytokine values. Analysis of changes in various leukocyte 
subsets during Pembrolizumab therapy in BRAFwt MM patients should 
be addressed in the future studies. 

Immune-related adverse events are consequence of over-activated 
immune system and various cytokines are extensively studied to pre-
dict them. The cytokine profile of irAEs varies and in several malig-
nancies including melanoma increased baseline IL-17 was found in 
pneumonitis and colitis, elevated baseline IL-1β, IL-2, and granulocyte- 
macrophage colony-stimulating factor predicted thyroid irAE, while 
dermatitis was associated with high IL-6 and IL-10 [40,41]. In this study 
five patients developed hepatotoxicity, hypothyroidism, hyper-
bilirubinemia, eosinophilia or neutropenia. However, all of these pa-
tients were with disease control (non-DP). We have shown for the first 
time that these patients had increased pretherapy values of TGF-β, IFN-γ, 
IL-6 and IL-10 compared to values of these cytokines in healthy controls. 
Therefore, these cytokines could associate with irAE risk in BRAFwt MM 
patients receiving Pembrolizumab. However, we have also shown no 
association between the appearance of irAEs and cytokine levels during 
Pembrolizumab therapy. More research with larger group of patients is 
needed to determine the impact of cytokines on the development of 
irAEs. 

Conclusions 

In this prospective and longitudinal study we investigated potential 
biomarkers associated with clinical benefits such as tumor response, and 
onset of irAEs by monitoring the dynamics of cytokine fluctuation in 
peripheral circulation during the course of anti-PD-1 immunotherapy in 
BRAFwt MM patients. Our results show that in patients with disease 
control TGF-β and IL-6 first significantly decreased following the onset 
of therapy, while, after that, they started to successively increase 
reaching the level similar to the initial value by the end of the follow up. 
Furthermore, in this group of patients the level of IFN-γ increased while 
the levels of IL-8 and IL-10 decreased at final points of the clinical follow 
up. In patients with progression the level of circulating IL-6 increased at 
the time of progression compared to the baseline level, while IL-8 
decreased when the best response was achieved. Also, in patients with 
pseudoprogression of disease the level of circulating IL-6 and IL-10 
significantly increased compared to the baseline values. Furthermore, 
MM patients with irAEs had elevated pretherapy values of TGF-β, IFN-γ, 
IL-6, and IL-10 compared to HC, although no significant changes in the 
investigated cytokines levels were found in these patients during ther-
apy. Changes in circulating cytokine level found in this study could be 
used to monitor and predict clinical benefit from Pembrolizumab ther-
apy in BRAFwt MM patients. Dynamic of changes in these potential 
biomarkers might be a promising tool to characterize long-term re-
sponders, and also may predict a patient’s risk for irAEs development. 
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