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Objective: Immune checkpoint inhibitors (ICIs) are a cornerstone in the treatment of metastatic cutaneous malignant melanoma
(cMM). Blood transfusions exert immunomodulatory effects that may impair antitumor immunity; however, their impact on survival
outcomes in patients receiving ICIs remains unclear. This study evaluated the association between blood transfusion and survival
outcomes in patients with metastatic cMM treated with nivolumab.

Methods: In this retrospective cohort study, 57 patients with metastatic cMM who received nivolumab as second-line therapy
between January 2018 and December 2023 were analyzed. Blood transfusion exposure during the metastatic stage and survival
outcomes, including progression-free survival (PFS) and overall survival (OS), were assessed.

Results: The median age was 60.0 years (range, 25.0-87.0). Median follow-up was 55.0 months. Median PFS was 10.23 months
(95% confidence interval [CI], not estimable to 21.53), and median OS was 31.93 months (95% CI, not estimable to 66.31). Kaplan-
Meier analysis demonstrated significantly worse PFS and OS among patients who received red blood cell (RBC) transfusions (Log
Rank, p =0.024, p = 0.016, respectively). In univariate Cox regression analysis, melanoma localization, brain metastases at metastatic
onset, shorter nivolumab duration, and RBC transfusion exposure were associated with poorer survival outcomes.

Conclusion: Blood transfusion during the metastatic stage was associated with reduced survival in patients with metastatic cMM
receiving nivolumab. These findings suggest that transfusion-related immunomodulation may be associated with reduced immunother-
apy efficacy and highlight RBC transfusion as a clinically relevant and potentially modifiable factor in patient management.
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Introduction

Cutaneous malignant melanoma (cMM) is responsible for nearly 80% of deaths attributable to skin cancer, despite
accounting for only approximately 4% of all cutaneous malignancies.' Although relatively uncommon compared with
other skin cancers, cMM represents a major challenge in oncology due to its high metastatic potential and poor prognosis
in advanced stages. According to cancer statistics from the United States, the 5-year survival rate exceeds 99% in patients
with localized disease; however, this rate decreases markedly to around 35% once distant metastases develop.”

Over the past decade, immune checkpoint inhibitors (ICIs) have emerged as the foundation of treatment for metastatic
cMM, providing substantial improvements in response rates and survival compared with conventional chemotherapy
(CT) regimens. The clinical efficacy of ICIs in metastatic cMM has been consistently demonstrated across multiple
studies.” ™ These agents enhance antitumor immunity by inhibiting key immune regulatory receptors expressed on
T lymphocytes, including cytotoxic T-lymphocyte—associated antigen-4, programmed cell death-1 (PD-1), and lympho-
cyte activation gene-3.%° As the therapeutic activity of ICIs depends on effective immune activation, factors that
compromise immune function, particularly those affecting T-cell activity, may negatively influence treatment outcomes.

Anemia represents the most frequent hematologic abnormality in patients with cancer and may, in some cases,
constitute the only clinical manifestation of the disease.' Its pathogenesis is multifactorial and includes anemia of
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chronic disease, hemorrhage, immune- or mechanically mediated hemolysis, CT-induced myelosuppression, and bone
marrow infiltration by malignant cells."' Red blood cell (RBC) transfusion is commonly used to manage cancer-related
anemia, treatment-associated toxicities, and perioperative blood loss.'? Nevertheless, RBC transfusion has been shown to
exert immunosuppressive effects that may promote tumor recurrence and progression. These effects are largely attributed
to transfusion-related immunomodulation (TRIM), mediated by residual leukocytes, apoptotic cells, and biologically
active mediators present in RBC, resulting in impaired immune surveillance.'*'* Consequently, RBC transfusion may
negatively influence the efficacy of ICI therapy through TRIM effects. Supporting this concept, a systematic review
demonstrated poorer survival outcomes among patients receiving blood transfusions during curative-intent surgery,
a phenomenon attributed to TRIM.'

In addition to RBCs, other blood products such as platelets (PLT), fresh frozen plasma (FFP), and cryoprecipitate are
frequently administered in cancer patients with coagulation abnormalities.'> Platelet-driven tumor progression has been
linked to elevated levels of thromboxane, serotonin, and other metabolites, increased release of growth factors including
vascular endothelial growth factor, and the presence of platelet-derived microparticles (PMPs).'"'* PMPs are known to
facilitate tumor growth and dissemination by promoting tumor microenvironment formation through growth factor
release and by inducing proangiogenic and proinflammatory signaling. Experimental and observational studies have
suggested that FFP-related inflammatory and growth mediators may contribute to tumor progression in certain settings.'
These observations suggest that non-RBC blood products may also influence immune responses and potentially affect ICI
efficacy.

Given that ICIs are widely used in the treatment of metastatic cMM, factors that impair immune function may
negatively affect treatment efficacy. Prior studies have shown that concomitant exposure to agents such as antibiotics and
corticosteroids can attenuate the antitumor activity of ICIs.***' Recent studies have also emphasized the evolving
prognostic landscape and immunotherapy-related factors in advanced cutaneous skin cancers.”> Given the highly
immunogenic nature of cMM and the central role of T-cell-mediated antitumor activity in ICI efficacy, TRIM may be
particularly relevant in this patient population. In light of the well-documented immunosuppressive properties of blood
transfusions, reducing transfusion exposure in patients with cMM receiving ICIs may represent a rational clinical
approach. Accordingly, the present study aimed to investigate the association between blood transfusion during the
metastatic stage, including RBC, PLT, and/or FFP, and treatment efficacy and toxicity outcomes in patients with
metastatic cMM treated with nivolumab, an anti PD-1 ICI. In addition to transfusion-related variables, exploratory
analyses of selected clinicopathological and inflammatory parameters were also performed to better characterize factors
potentially associated with survival outcomes.

Materials and Methods
Study Design and Patient Population

This study was conducted as a clinical, observational cohort study with a retrospective design. Adult patients (> 18 years)
diagnosed with metastatic (stage IV) cMM, who were followed at our tertiary oncology center and initiated nivolumab
as second-line therapy in the metastatic setting between January 1, 2018, and December 31, 2023, were eligible for

inclusion. All available clinical data were retrospectively retrieved and analyzed.

Data Collection

Demographic and clinicopathological data were obtained from physical patient charts and the institutional electronic
medical record system. Collected variables included age, sex, primary melanoma skin localization, metastatic status at
diagnosis, metastatic sites at diagnosis (when applicable), performance of optimal surgical resection in patients without
metastatic disease at diagnosis, prior treatments received before metastatic progression, dates and sites of recurrence or
metastasis, treatments administered before nivolumab in the metastatic stage, baseline laboratory parameters prior to
nivolumab initiation (hemoglobin, neutrophil count, lymphocyte count, platelet count, albumin, and C-reactive protein
levels), ABO and Rhesus (Rh) blood groups, duration of nivolumab therapy, history and timing of blood transfusions

2 https: Cancer Management and Research 2026:18



Coskun et al @

before, during, and after nivolumab treatment, type and volume of transfused blood products (when applicable), follow-
up duration, treatment response, and survival outcomes.

For exposure classification, only blood transfusions administered during the metastatic stage were considered. Pre-
nivolumab transfusion exposure was defined as blood transfusions given within six months prior to the initiation
of second-line nivolumab.

Inflammatory and Nutritional Indices

Based on baseline hematological and biochemical parameters, several inflammatory and nutritional prognostic indices
previously reported to have prognostic relevance across different malignancies were calculated. These included the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII),
C-reactive protein-to-albumin ratio (CAR), and hemoglobin—albumin—lymphocyte—platelet score (HALP).>**® The
conduct and reporting of this study followed the Reporting Recommendations for Tumor Marker Prognostic Studies
(REMARK) guidelines. In addition, study design and reporting complied with the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) guidelines for observational cohort studies.?**°

Outcome Definitions

Progression-free survival (PFS) was defined as the interval from the initiation of nivolumab treatment to documented
disease progression, death from any cause, or the date of last follow-up. Overall survival (OS) was defined as the time
from nivolumab initiation to death from any cause or last follow-up. Second progression-free survival (PFS2) was
defined as the time from the start of subsequent-line therapy following progression on nivolumab to disease progression,
death, or last follow-up. Patients without documented progression or death at the time of analysis were censored at the
date of their last recorded follow-up for PFS, OS, and PFS2.

Time-Dependent Cox Regression Analysis

To account for the timing of RBC exposure after nivolumab initiation and minimize immortal time bias, a time-
dependent Cox proportional hazards model was additionally performed for OS. RBC transfusions occurring after
nivolumab initiation and before death or last follow-up were modeled as time-dependent covariates. Patients were
considered unexposed until the first post-nivolumab RBC transfusion and exposed thereafter. Exploratory landmark
analyses for PFS were also considered; however, the number of patients receiving RBC transfusion within predefined
landmark periods was too limited for meaningful comparative analyses.

Treatment Response and Safety Assessment

Tumor response to nivolumab therapy was assessed according to the Response Evaluation Criteria in Solid Tumours
(RECIST), version 1.1, and categorized as complete response (CR), partial response (PR), stable disease (SD), or
progressive disease (PD). Treatment-related adverse events of any grade were evaluated and graded in accordance with
the Common Terminology Criteria for Adverse Events (CTCAE), version 5.0.

Ethics Approval and Informed Consent

The study protocol was approved by the Bursa Uludag University Health Research Ethics Committee (Decision No:
2025/4-20, Date: February 19, 2025). All procedures were conducted in accordance with institutional regulations and
applicable local legislation. Written informed consent was waived by the Ethics Committee due to the retrospective
nature of the study and the use of fully anonymized data. Patient information was de-identified prior to analysis, and no
personally identifiable data were collected or disclosed. The study adhered to the ethical principles of the Declaration of
Helsinki (1975), as revised in 2024.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics version 25.0. Categorical variables were summarized as
frequencies and percentages, whereas continuous variables were reported as mean =+ standard deviation, median, and
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range (minimum-maximum). Data distribution was assessed using the Kolmogorov—Smirnov and Shapiro—Wilk tests.
Comparisons between two groups for continuous variables were conducted using the Mann—Whitney U-test, irrespective
of distribution characteristics. Categorical variables were compared using the Chi-square test. Survival analyses were
performed using the Kaplan—Meier method, and survival curves were compared with the Log Rank test. Univariate Cox
proportional hazards regression analyses were used to identify potential factors associated with PFS and OS. These
analyses were considered exploratory, whereas transfusion exposure represented the primary variable of interest.
Multivariable Cox regression analysis was not performed to avoid model overfitting, considering the limited number
of events relative to the number of clinically relevant covariates. Continuous variables were categorized using predefined
or distribution-based thresholds when appropriate. RBC transfusion exposure was classified into three predefined groups
(0 units, 1-3 units, and >4 units) to evaluate potential dose—response relationships. Missing data were managed using
a complete-case analysis approach. All statistical tests were two-sided, and a p value < 0.05 was considered statistically
significant.

Results

During the study period, 86 patients were identified as having received nivolumab for cMM. After retrospective
screening, patients were excluded for the following reasons: nivolumab use in the adjuvant setting (n = 7), incomplete
or missing data (n = 6), administration of nivolumab as third-line or later therapy in the metastatic setting (n = 5),
diagnosis of mucosal malignant melanoma (n = 5), diagnosis of uveal malignant melanoma (n = 4), and initiation of
nivolumab as first-line therapy in the metastatic setting (n = 2). Following these exclusions, 57 patients were included in
the final analysis.

The median age of the study population was 60.0 years (range, 25.0-87.0), and 37 patients (64.9%) were male. At the
time of initial diagnosis, 30 patients (52.6%) presented with metastatic disease. Among patients without metastasis at
diagnosis, 16 (28.1%) had undergone optimal surgical resection. Pathological subtype information was unavailable in 20
patients (35.1%); among those with known subtypes, nodular cMM was the most frequently observed, identified in 18
patients (31.6%). All patients received nivolumab as second-line therapy in the metastatic setting. As first-line treatment
for metastatic disease, temozolomide was administered to 50 patients (87.7%), while seven patients (12.3%) received
combined dabrafenib and trametinib therapy. The median duration of nivolumab treatment was 4.0 months (range,
0.5-71.0). BRAF mutations were detected in 14 patients (24.6%), including isolated V60OE mutations in 10 patients
(17.5%), combined V600E/V600D mutations in two patients, combined V600E/V600K mutations in one patient, and an
isolated V600K mutation in one patient. Baseline demographic and clinicopathological characteristics are summarized in
Table 1.

In the metastatic setting, blood transfusions were administered to 16 patients (28.1%). RBC was transfused in 13
patients (22.8%), FFP in four patients (7.0%), and PLT in two patients (3.5%). With respect to transfusion timing, two
patients (3.5%) received transfusions exclusively before nivolumab treatment, two patients (3.5%) during treatment only,
eight patients (14.0%) after treatment only, two patients (3.5%) both before and during nivolumab treatment, and two
patients (3.5%) both during and after nivolumab treatment. There was a statistically significant difference in age at
diagnosis between the transfusion and non-transfusion groups (p = 0.008). Comparative demographic and clinicopatho-
logical characteristics according to transfusion status are presented in Table 2.

For the entire cohort, the median follow-up was 55.00 months (95% confidence interval [CI], 47.33—62.67), estimated
using the reverse Kaplan-Meier method. The median PFS was 10.23 months (95% CI, not estimable to 21.53). The
median OS was 31.93 months (95% CI, not estimable to 66.31). Patients who received RBC transfusions had a median
PFS of 5.26 months (95% CI, 2.48-8.04), compared with 16.36 months (95% CI, 2.01-30.71) among those who did not
receive transfusions. Similarly, median OS was 9.30 months (95% CI, 5.54-13.06) in the RBC transfusion group and
45.60 months (95% CI, 27.05-64.15) in the non-transfusion group. Kaplan-Meier survival analysis demonstrated
significantly inferior PFS (Log Rank, p = 0.024) and OS (Log Rank, p = 0.016) in patients who received RBC
transfusions. A clear separation of PFS and OS curves was observed early and remained consistent over time.
Kaplan—Meier curves for PFS and OS are shown in Figures 1 and 2.
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Table | General Characteristics of the Patients

Characteristics

N =57

Age at Diagnosis (years)

56.68 + 14.95

Male Sex 37 (64.9%)
ECOG PS 0 44 (77.2%)
BMI (kglmz) 2847 + 6.19
BSA (m?) 1.93 £ 0.21
Presence of De Novo Metastasis*

- Yes 30 (52.6%)
- No 27 (47.4%)

Optimal Surgery Status

- Yes 16 (28.1%)
- No I (19.3%)
Type of Melanoma

- Superficial Spreading 11 (19.3%)
- Nodular 18 (31.6%)
- Acral Lentiginous 8 (14.0%)
- Unknown 20 (35.1%)
Primary Site of Melanoma

- Upper Extremity 9 (15.8%)
- Lower Extremity 16 (28.1%)
- Trunk Il (19.3%)
- Head 21 (36.8%)
Presence of BRAF Mutation

- Yes 14 (24.6%)
- No 38 (66.7%)

ABO Blood Group?®

-A 18 (31.6%)
-B 3 (5.3%)
-0 15 (26.3%)
- AB 3 (5.3%)
Rh Positive® 34 (59.6%)

M Stage at Metastasis

- Mla 22 (38.6%)

- MIb 25 (43.9%)

- Milc 3 (5.3%)

- MId 7 (12.3%)

Duration of Nivolumab Treatment (months) 11.37 + 14.81

Laboratory Parameters Before Nivolumab Treatment

HGB (g/dL) 1321 £ 1.77

NLR 329 £292

PLR 153.53 £ 108.41

Sl 909.61 + 971.20
(Continued)
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Table | (Continued).

Characteristics N =57
CAR® 247 £ 4.16
HALP* 3042 £ 11.19

Notes: * 39 patients (68.4%) had known ABO and Rh blood group status. ® 48 patients (84.2%) had known
C-reactive protein values and calculations before nivolumab treatment. © 55 patients (96.5%) had known albumin
values and calculations before nivolumab treatment. Continuous variables are presented as mean * standard
deviation and categorical variables as number and percentages. * De novo metastasis was defined as metastatic
disease present at initial melanoma diagnosis (stage IV at presentation).

Abbreviations: BMI, body mass index; BSA, body surface area; CAR, C-reactive protein to albumin ratio; ECOG
PS, Eastern Cooperative Oncology Group performance status; HALP, hemoglobin albumin lymphocyte platelet
score; HGB, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Sll, systemic
immune-inflammation index.

Table 2 Comparison of Clinical Features Between Transfused and Non-Transfused Patients

Characteristics Blood Transfusion Before and/or During p
and/or After Nivolumab Treatment

(N =57) Yes No

(n=16) (n=41)
Age at Diagnosis (years) 48.75 + 12.54 59.78 + 14.80 0.008
Male Sex 10 (62.5%) 17 (65.9%) 0.812
ECOG PS 0 13 (81.3%) 31 (75.6%) 0.870
BMI (kg/m?) 29.14 £ 701 2822 + 5.96 1.000
BSA (m?) 1.97 £ 0.26 1.92 £ 0.19 0.835

Presence of De Novo Metastasis*
- Yes 7 (43.8%) 23 (56.1%) 0.402
- No 9 (56.3%) 18 (43.9%)

Optimal Surgery Status

- Yes 5 (31.3%) 11 (26.8%) 1.000
- No 4 (25.0%) 7 (17.1%)

Type of Melanoma

- Superficial Spreading 2 (12.5%) 9 (22.0%) 0.676
- Nodular 7 (43.8%) 11 (26.8%)

- Acral Lentiginous 2 (12.5%) 6 (14.6%)

- Unknown 5 (31.3%) 15 (36.6%)

Primary Site of Melanoma

- Upper Extremity 4 (25.0%) 5 (12.2%) 0.226
- Lower Extremity 3 (18.8%) 13 (31.7%)
- Trunk 5 (31.3%) 6 (14.6%)
- Head 4 (25.0%) 17 (41.5%)
Presence of BRAF Mutation
- Yes 5 (31.3%) 9 (22.0%) 0.813
- No 10 (62.5%) 28 (68.3%)
(Continued)
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Table 2 (Continued).

Characteristics Blood Transfusion Before and/or During P
and/or After Nivolumab Treatment

(N =57) Yes No

(n=16) (n=41)
ABO Blood Group®
-A 7 (43.8%) Il (26.8%) 0.667
-B 0 (0.0%) 3 (7.3%)
-0 7 (43.8%) 8 (19.5%)
-AB | (6.3%) 2 (4.9%)
Rh Positive® 12 (75.0%) 22 (53.7%) 0.354
M Stage at Metastasis
-Mla 4 (25.0%) 18 (43.9%) 0.059
- Mib 6 (37.5%) 19 (46.3%)
-Mic | (6.3%) 2 (4.9%)
- Mid 5 (31.3%) 2 (4.9%)
Duration of Nivolumab Treatment (months) 391 +254 14.28 + 16.55 0.097
Laboratory Parameters Before Nivolumab Treatment
HGB (g/dL) 12.57 + |.67 13.46 + 1.77 0.099
NLR 3.58 £2.50 3.17 £3.10 0.287
PLR 165.63 + 72.09 148.81 + 120.10 0.145
Sl 1085.96 + 1055.94 840.79 + 940.80 0.234
CAR® 3.69 + 436 1.97 + 4.04 0.137
HALP© 30.13 + 8.64 3054 + 1211 0.902

Notes: * 39 patients (68.4%) had known ABO and Rh blood group status. ® 48 patients (84.2%) had known C-reactive protein
values and calculations before nivolumab treatment. © 55 patients (96.5%) had known albumin values and calculations before
nivolumab treatment. Continuous variables are presented as mean * standard deviation and categorical variables as number and
percentages. * De novo metastasis was defined as metastatic disease present at initial melanoma diagnosis (stage IV at presenta-
tion). Bold values indicate statistical significance (p < 0.05).

Abbreviations: BMI, body mass index; BSA, body surface area; CAR, C-reactive protein to albumin ratio;, ECOG PS, Eastern
Cooperative Oncology Group performance status; HALP, hemoglobin albumin lymphocyte platelet score; HGB, hemoglobin; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; S, systemic immune-inflammation index.

Univariate Cox proportional hazards regression analyses were performed to identify factors associated with PFS and
OS. For PFS, primary melanoma localization outside the head region, Mlc and M1d disease at metastatic onset,
nivolumab treatment duration of < 4 months, receipt of any blood transfusion during the metastatic stage, and receipt
of RBC transfusion were significantly associated with poorer outcomes (p = 0.013, p = 0.009, p = 0.002, p < 0.001, p =
0.005, and p = 0.028, respectively). In addition, receipt of > 4 units of RBC transfusion was significantly associated with
worse PFS compared with no transfusion (p = 0.012).

For OS, primary melanoma localization outside the head region, brain metastases at the time of metastatic disease
diagnosis (M1d disease), nivolumab treatment duration of < 4 months, receipt of any blood transfusion during the
metastatic stage, and receipt of RBC transfusion were significantly associated with poorer survival outcomes (p = 0.018,
p = 0.007, p = 0.002, p = 0.014, and p = 0.019, respectively). Moreover, receipt of > 4 units of RBC transfusion was
significantly associated with worse OS compared with no transfusion (p = 0.028). Detailed results of the univariate Cox

regression analyses for PFS and OS are presented in Tables 3 and 4, respectively.
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Figure | Kaplan—Meier curves for progression-free survival (PFS). (A) PFS in the entire cohort. (B) PFS according to RBC transfusion status. The number at risk is shown
below the curves.
Abbreviation: RBC, red blood cell.
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Figure 2 Kaplan—Meier curves for overall survival (OS). (A) OS in the entire cohort. (B) OS according to RBC transfusion status. The number at risk is shown below the curves.
Abbreviation: RBC, red blood cell.

To further account for immortal time bias, in the time-dependent Cox regression analysis, post-nivolumab-initiation RBC
transfusion was significantly associated with inferior OS (HR 2.77, 95% CI 1.35-5.70; p = 0.006). Landmark analyses for PFS
were explored but were not feasible because only one patient received RBC transfusion within the predefined 3-month
landmark period.

Assessment of best response (BR), according to RECIST version 1.1, demonstrated CR in eight patients (14.0%), PR
in 16 patients (28.1%), SD in 12 patients (21.1%), and PD in 21 patients (36.8%). At the time of last radiological
assessment, CR was observed in five patients (8.8%), PR in nine patients (15.8%), SD in three patients (5.3%), and PD in
40 patients (70.2%).
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Table 3 Univariate Cox Regression Analysis of Clinical and Laboratory Factors Associated With

Progression-Free Survival (PFS)

PFS
Factors Category HR (95% CI) P
Age at Diagnosis Ref: < 60 years old 0.618 (0.329-1.161) 0.135
Gender Ref: Female 1.067 (0.565-2.017) 0.841
BMI Ref: < 26.40 kg/m? 1.250 (0.569-2.746) 0.578
BSA Ref: < 1.94 m? 0.707 (0.317-1.578) 0.398
Presence of De Novo Metastasis Ref: No 1.089 (0.585-2.028) 0.788
Optimal Surgery Status Ref: No 0.976 (0.391-2.435) 0.958
Type of Melanoma Ref: Superficial Spreading 0.567
Nodular 0.631 (0.253-1.572) 0.323
Acral Lentiginous 1.172 (0.406-3.387) 0.770
Unknown 0.994 (0.421-2.349) 0.989
Primary Site of Melanoma Ref: Upper Extremity 0.049
Lower Extremity 0.468 (0.193-1.136) 0.093
Trunk 0.853 (0.337-2.160) 0.738
Head 0.324 (0.133-0.790) | 0.013
Presence of BRAF Mutation Ref: Negative 1.650 (0.810-3.363) 0.168
ABO Blood Group Ref: A Group
Non-A Groups 1.002 (0.470-2.135) 0.996
Rh Blood Group Ref: Rh Negative 0.504 (0.185-1.377) 0.182
M Stage at Metastasis Ref: Mla 0.004
MIb 1.514 (0.740-3.099) 0.256
Mlc 5.624 (1.537-20.573) | 0.009
Mlid 5.424 (1.870-15.734) | 0.002
Duration of Nivolumab Treatment (months) Ref: < 4 months 0.226 (0.114-0.447) | 0.000
Blood Transfusion Status Ref: No 2.558 (1.327-4.929) | 0.005
RBC Transfusion Status Ref: No 2.162 (1.088-4.294) | 0.028
RBC Transfusion (units) Ref: 0 Units 0.041
1-3 1.505 (0.526-4.301) 0.446
> 4 2.800 (1.250-6.272) | 0.012
Laboratory Parameters Before Nivolumab Treatment®
HGB 1.056 (0.565-1.972) 0.865
NLR 0.991 (0.533-1.844) 0.978
PLR 0.883 (0.474-1.646) 0.695
Sl 1.005 (0.540-1.869) 0.988
(Continued)
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Table 3 (Continued).

PFS

Factors Category HR (95% CI) p
CAR 1.956 (0.955—4.007) 0.067
HALP 0.866 (0.456—1.643) 0.660

Notes: Cut-off values were determined using median levels (HGB: 13.20; NLR: 2.41; PLR: 131.82; Sll: 640.07; CAR: 0.63; HALP: 27.69),
with median or lower values assigned to the reference category. Bold values indicate statistical significance (p < 0.05).
Abbreviations: BMI, body mass index; BSA, body surface area; CAR, C-reactive protein to albumin ratio; HALP, hemoglobin albumin
lymphocyte platelet score; HGB, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; RBC, red blood
cell; Sll, systemic immune-inflammation index.

Table 4 Univariate Cox Regression Analysis of Clinical and Laboratory Factors Associated With Overall

Survival (OS)

os
Factors Category HR (95% CI) P
Age at Diagnosis Ref: < 60.20 years old 0.676 (0.346—1.322) 0.252
Gender Ref: Female 1.532 (0.748-3.138) 0.244
BMI Ref: < 26.40 kg/m? 0.961 (0.398-2.322) 0.930
BSA Ref: < 1.94 m? 0.645 (0.262—-1.584) 0.339
Presence of De Novo Metastasis Ref: No 1.170 (0.598-2.286) 0.647
Optimal Surgery Status Ref: No 2.308 (0.727-7.323) 0.156
Type of Melanoma Ref: Superficial Spreading 0.458
Nodular 0.878 (0.311-2.474) 0.805
Acral Lentiginous 1.996 (0.641-6.218) 0.233
Unknown 1.223 (0.469-3.185) 0.681
Primary Site of Melanoma Ref: Upper Extremity 0.130
Lower Extremity 0.601 (0.240-1.503) 0.276
Trunk 0.541 (0.195-1.500) 0.238
Head 0.315 (0.120-0.823) | 0.018
Presence of BRAF Mutation Ref: Negative 1.449 (0.666-3.153) 0.350
ABO Blood Group Ref: A Group
Non-A Groups 0.974 (0.448-2.118) 0.948
Rh Blood Group Ref: Rh Negative 0.447 (0.163-1.229) 0.119
M Stage at Metastasis Ref: Mla 0.023
Mlb 0.969 (0.447-2.103) 0.937
Mlc 2468 (0.541-11.268) | 0.244
Mld 3.685 (1.418-9.574) | 0.007
Duration of Nivolumab Treatment (months) | Ref: < 4 months 0.326 (0.159-0.668) | 0.002
Blood Transfusion Status Ref: No 2.348 (1.186-4.649) | 0.014
RBC Transfusion Status Ref: No 2.319 (1.149-4.681) | 0.019
RBC Transfusion (units) Ref: 0 Units 0.059
(Continued)
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Table 4 (Continued).

os

Factors Category HR (95% CI) p

1-3 2.063 (0.708-6.010) 0.185
>4 2.472 (1.100-5.551) | 0.028

Laboratory Parameters Before Nivolumab Treatment®

HGB 1135 (0.583-2.208) | 0.710
NLR 1217 (0.624-2.374) | 0.564
PLR 1149 (0.591-2.231) | 0.682
sl 1362 (0.700-2.649) | 0.363
CAR 1451 (0.669-3.150) | 0.346
HALP 1278 (0.644-2.537) | 0.483

Notes: Cut-off values were determined using median levels (HGB: 13.20; NLR: 2.41; PLR: 131.82; SlI: 640.07; CAR: 0.63; HALP: 27.69),
with median or lower values assigned to the reference category. Bold values indicate statistical significance (p < 0.05).
Abbreviations: BMI, body mass index; BSA, body surface area; CAR, C-reactive protein to albumin ratio; HALP, hemoglobin albumin
lymphocyte platelet score; HGB, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; RBC, red blood
cell; SlI, systemic immune-inflammation index.

After progression on nivolumab, 20 patients (35.1%) received subsequent systemic therapy. Ipilimumab monotherapy
was the most commonly administered subsequent treatment, given to 10 patients (17.5%). Other subsequent therapies
included carboplatin plus paclitaxel (n = 5), temozolomide (n = 4), and combined dabrafenib and trametinib therapy (n
= 1). The median PFS2 was 3.16 months (95% CI, 2.84-3.48). Among patients who received blood transfusions, the
median PFS2 was 2.60 months (95% CI, 1.98-3.22), whereas it was 4.16 months (95% CI, 2.52-5.80) in those who did
not receive transfusions; this difference was not statistically significant (Log Rank, p = 0.151).

Among the 16 patients who received blood transfusions during the metastatic stage, 10 received RBC alone, three
received FFP alone, two received a combination of RBC and PLT, and one received both RBC and FFP. The overall
median number of transfused units per patient was 4 (range, 1-41). Among patients who received RBC transfusions, the
median number of RBC units administered was 4 (range, 1-16).

In addition to survival outcomes, treatment-related adverse events were descriptively evaluated to provide an overall
assessment of nivolumab treatment characteristics in the study cohort. Immune-related adverse events (irAEs) of any
grade were documented in 17 patients (29.8%) following nivolumab therapy. The most frequently observed irAEs were
maculopapular rash and hepatitis, each occurring in five patients (8.8%). Grade 1-2 irAEs were reported in 12 patients
(21.1%), while grade 3—4 irAEs were observed in six patients (10.5%). No grade 5 irAEs were recorded.

Discussion

In this study evaluating the association between nivolumab efficacy and blood transfusion in patients with cMM, receipt of
blood transfusion during the metastatic stage was associated with significantly inferior PFS and OS. These findings suggest
a possible association between blood transfusion and poorer long-term survival outcomes in patients receiving ICIs.

TRIM has been reported to affect immune function through multiple mechanisms that may be relevant in patients
receiving ICIs. Transfusion-related soluble mediators and immunomodulatory factors may alter T-cell, monocyte, and
natural killer-cell activity, potentially impairing antitumor immune responses and contributing to poorer oncologic
outcomes.”' ** These effects may be particularly important in the setting of ICI therapy, which depends on intact cellular
immunity. In our cohort, the observed dose-response pattern, especially among patients receiving > 4 units of RBC
transfusion, further supports a possible biological interaction between transfusion exposure and ICI efficacy.

Cancer Management and Research 2026:18 heeps: 11
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Previous studies evaluating RBC transfusion in patients receiving ICIs have similarly suggested an association
between transfusion exposure and poorer treatment outcomes. Mispelbaum et al reported that RBC transfusion adminis-
tered shortly after immunotherapy initiation was associated with reduced treatment response, whereas pre-
immunotherapy transfusion was not.*> Likewise, D’Avella et al demonstrated inferior survival outcomes among
transfused patients receiving ICIs for solid tumors.*® Although these studies included heterogeneous solid tumor
populations and limited or no representation of cMM, their findings are generally consistent with the results of the
present study and support a potential negative interaction between RBC transfusion and ICI efficacy.

To further address the potential for immortal time bias, a time-dependent Cox regression model was additionally
performed. The association between post-nivolumab-initiation RBC transfusion and inferior OS remained significant,
supporting the robustness of the findings. Nevertheless, the possibility of residual confounding by indication cannot be
excluded, as patients requiring transfusion may have had more advanced disease burden or poorer clinical status.

Several limitations of this study should be acknowledged. First, blood transfusion may represent a surrogate marker
of more advanced disease, poorer performance status, or a more aggressive clinical course, potentially contributing to the
observed survival differences. The numerically higher proportion of M1d disease in the transfusion group may also have
contributed to poorer survival outcomes. In addition, the younger age observed among transfused patients may reflect
more aggressive disease biology, higher treatment intensity, or increased transfusion requirements related to disease
burden; however, this finding should be interpreted cautiously given the limited sample size. In addition, detailed data
regarding the specific clinical indications for transfusion, including active bleeding, disease-related anemia burden, or
treatment-related hematologic toxicity, were not uniformly available and therefore could not be fully incorporated into
the analyses. Although time-dependent Cox regression analysis was performed to minimize immortal time bias, residual
confounding related to transfusion timing and clinical indication may still have influenced the findings. Second, the
retrospective single-center design may limit the generalizability of the results. Furthermore, the relatively small sample
size and limited number of events reduced the statistical power of the analyses and precluded construction of a fully
adjusted multivariable model without risking overfitting. Third, due to national reimbursement restrictions during the
study period, nivolumab was reimbursed only as second-line monotherapy for metastatic cMM in our healthcare system,
precluding evaluation of other ICI regimens. In addition, landmark analyses for PFS could not be robustly performed
because only a very small number of patients received RBC transfusions within the predefined landmark periods, limiting
interpretability. Finally, incomplete adverse event data may have been present in some cases.

To the best of our knowledge, this is the first study specifically evaluating the impact of blood transfusion on survival
outcomes in patients with cMM treated with PD-1 inhibitor therapy. These findings may support a more restrictive
transfusion strategy in patients receiving immunotherapy.

Given the increasing use of ICIs in metastatic cMM and other solid tumors, identification of potentially modifiable
factors associated with reduced treatment efficacy is clinically important. Although causality cannot be established from
the present study, our findings suggest that transfusion exposure may represent a clinically relevant variable in patients
receiving immunotherapy and warrant further investigation in larger prospective cohorts.

Conclusions

In this study, blood transfusion during nivolumab treatment in patients with cMM was associated with worse PFS and
OS. These findings suggest a possible association between transfusion-related immunomodulation (TRIM) and reduced
immunotherapy efficacy and highlight blood transfusion as a clinically relevant and potentially modifiable factor in
patient management. Larger multicenter studies are warranted to validate these findings and to further clarify the impact
of blood transfusion on immunotherapy efficacy and survival outcomes in this patient population.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable
request.
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