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Purpose: The combination of programmed cell death-1 (PD-1) blockade camrelizumab plus apatinib (an antiangiogenic agent) and 
temozolomide has displayed promising therapeutic effects in patients with advanced acral melanoma (AM) in a non-randomized Phase 
II clinical trial (NCT04397770). The aim of this retrospective study was to evaluate the efficacy and safety of the triplet regimen for 
advanced AM in the real-world setting.
Methods: The data of patients with advanced AM who received anti-PD-1 antibody plus apatinib and temozolomide at Peking 
University Cancer Hospital and Institute between September 2019 and December 2023 were analyzed. The primary endpoint was the 
overall response rate (ORR). The secondary endpoints included progression-free survival (PFS), overall survival (OS), disease control 
rate (DCR), duration of response (DOR), and treatment-related adverse events (TRAEs).
Results: Overall, 250 patients were eligible for the analysis. The ORR was 38.1% and the DCR was 92.2%. The median PFS, OS, and 
DOR were 8.5, 18.0, and 13.2 months, respectively. When used as first-line treatment, the ORR was 48.1%, the median PFS was 12.0 
months, and the median OS was 24.8 months. The number of lines of therapy (≥2 lines), elevated lactate dehydrogenase, and presence 
of brain or liver metastasis were negative predictors of survival. Overall, 92.4% and 45.2% of the patients experienced any-grade and 
grade 3–4 TRAEs, respectively.
Conclusion: This study provides real-world evidence that support the effectiveness and safety of combined anti-PD-1 antibody, 
apatinib and temozolomide for treating advanced AM, demonstrating a considerable ORR and prolonged survival, as well as 
acceptable tolerability.
Keywords: acral melanoma, PD-1, anti-angiogenesis, apatinib, camrelizumab, temozolomide, objective response rate

Introduction
Acral melanoma (AM) is a highly aggressive tumor with a 5-year survival rate of approximately 50%.1 In the Asian 
population, AM is the most common melanoma subtype, with an incidence of around 40%.2 Genetically, AM differs 
significantly from cutaneous melanoma (CM), as it is characterized by lower rates of ultraviolet-induced mutations and 
a higher prevalence of structural variations and copy number alterations. Key driver mutations in AM include KIT 
(11.0%), BRAF (9.7%), and NRAS (23.4%).3

AM is less sensitive to immune checkpoint inhibitors (ICIs) than cutaneous melanoma (CM), with a median 
progression-free survival (mPFS) of 3.2–4.1 months and an objective response rate (ORR) of 14%–26%.4–7 Notably, 
the low prevalence of BRAF and NRAS mutations in AM limits the use of targeted therapies, unlike CM, where BRAF 
inhibitors have shown considerable efficacy.8 Despite these genetic differences, AM is often treated based on protocols 
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developed for CM, indicating a gap in evidence-based guidelines specific to AM. AM is unique without specific 
treatment guidelines, patients with AM are generally treated based on the protocols developed for CM; however, the 
prognosis of advanced AM remains poor.

The synergistic effect of chemotherapy with anti-angiogenesis agent and PD-1 inhibitor in AM has been evaluated. 
The recent CAP 03 phase II non-randomized clinical trial demonstrated the promising efficacy of first-line combination 
treatment with camrelizumab (the PD-1 inhibitor) plus apatinib (the anti-angiogenesis inhibitor) and temozolomide for 
advanced AM. This combination regimen showed an ORR of 64.0% and a mPFS of 18.4 months, while the median 
overall survival (mOS) was not reached.9 However, the real-world application of these results is limited due to 
differences in patient characteristics and clinical practice settings, highlighting the need for real-world evidence to 
validate these outcomes. The results of the CAP 03 trial displayed notable improvements over historical treatments, and 
the triple regime is being further investigated in an ongoing multicenter, randomized Phase III trial (NCT05789043).

However, clinical trials often do not accurately reflect actual clinical practice and patient outcomes due to their strict inclusion 
and exclusion criteria. Therefore, it remains unclear whether this triple regimen can prolong survival, and its tolerability in 
a broader population remains to be clarified. We conducted this retrospective analysis to evaluate the effectiveness and safety of 
anti-PD-1 antibody plus apatinib and temozolomide combination therapy in the real-world setting for patients with advanced 
AM, as well as identifying the potential prognostic factors affecting survival associated with this treatment regimen.

Patients and Methods
Study Design and Patients
This retrospective study included consecutive patients diagnosed with unresectable stage III and IV AM and were treated 
with PD-1 inhibitor plus apatinib and temozolomide as first-line therapy or above from September 2019 to 
December 2023 at Peking University Cancer Hospital and Institute. The study protocol was approved on January 27, 
2024 (Approval Number: 2025YJZ09). Eligible patients had histologically confirmed acral melanoma (AM) with 
molecular profiling to identify key mutations (eg, BRAF, NRAS, KIT) and an Eastern Cooperative Oncology Group 
(ECOG) performance status of 0–2. Patients were required to have adequate organ function and no severe comorbid 
conditions that could interfere with the treatment.

Inclusion criteria: (1)Histologically confirmed acral melanoma (AM); (2)Unresectable stage III or IV disease; (3) 
ECOG performance status of 0–2; (4)Adequate organ function; (5)Molecular profiling data available; (6)No prior 
enrollment in CAP 03 or ongoing phase III trials.

Exclusion criteria: (1)Active infection or severe comorbidity; (2)Enrollment in related clinical trials; (3)Incomplete 
baseline data.

Baseline characteristics, including demographic information, performance status, tumor staging, prior treatment history, 
and genetic mutation profiles, were systematically collected from medical records. To address potential confounding 
factors, we performed multivariate analyses to account for variables such as prior treatments and genetic mutations.

Treatment
Patients were treated with the combination of anti-PD-1 antibody plus apatinib and temozolomide. For anti-PD-1 
antibodies, camrelizumab (200 mg intravenous every 2 weeks), pembrolizumab (200 mg intravenous every 3 weeks), 
or toripalimab (240 mg intravenous every 2 weeks; Jiangsu Hengrui Pharmaceuticals, Jiangsu, China) were used in real- 
world practice. The dose of apatinib was 250 mg orally once daily, and the dose of temozolomide was 200 mg/m2 

intravenous once daily on days 1–5 of every 28-day cycle.

Outcome
The primary endpoint was the ORR, defined as the percentage of patients who achieved a complete response (CR) or a partial 
response (PR) as the best response. The secondary endpoints were the disease control rate (DCR), duration of response (DOR), 
PFS, OS, and TRAEs. DCR was defined as the percentage of patients with a CR, PR, or stable disease (SD). DOR was calculated 
as the duration from the date of a tumor achieving a CR or a PR until progression. PFS was defined as the duration between the 
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start of triple therapy and the date of progression or all-cause death. OS was defined as the duration from the start of triple therapy 
to all-cause death. Tumor responses were assessed according to the Response Evaluation Criteria in Solid Tumor (RECIST) 
version 1.1 guidelines based on computed tomography or magnetic resonance imaging. Radiographic evaluation was generally 
performed every 8 weeks during treatment. Adverse events (AEs) were graded based on the National Cancer Institute Common 
Terminology Criteria for Adverse Events (CTCAE) version 5.0.

Statistical Analysis
Baseline variables are presented as descriptive statistics. Survival outcomes were estimated using the Kaplan‒Meier 
method and were compared using the Log rank test. The 95% confidence intervals (CIs) of the ORR and DCR were 
determined using the Clopper–Pearson method. Univariate and multivariate Cox proportional-hazards regression models 
were used to identify prognostic factors influencing PFS and OS, for which the results are shown as hazard ratios (HRs) 
and 95% CIs. Factors with a univariate p value <0.1 were added to the multivariate analysis. A p value <0.05 was 
considered statistically significant. All statistical analyses were performed using R version 4.3.0.

Results
Patient Characteristics
Between September 2019 and December 2023, 783 patients with advanced AM who attended Peking University Cancer 
Hospital and Institute were screened. After excluding 533 patients, 250 patients were enrolled in the final analysis. The 
study flowchart is shown in Supplementary Figure S1. The safety analysis was assessed in all 250 patients, who each 
received at least one cycle of treatment. The efficacy analysis was assessed in 244 patients. Among the included patients, 
159 (63.6%) and 91 (36.4%) patients were treated with the triple regimen as first-line and later-line therapy, respectively.

The median age of the patients was 57 years (range 20–89). The majority of the patients (97.2%) had an Eastern Cooperative 
Oncology Group (ECOG) performance score of 0–1. Almost two thirds of the patients (61.6%) had a primary tumor on the sole of 
the foot, while 10% and 28.4% had primary tumors on the palm and subungual space, respectively. Baseline lactate dehydro-
genase (LDH) was elevated in nearly half of the patients (120/250, 48%), of which 27 had an LDH level above twice the upper 
limit of normal (ULN). In terms of the key driver genes for melanoma, 226 patients were available for next-generation sequencing, 
and the results revealed that 9.7%, 23.4%, and 11.0% of the patients had BRAF, NRAS, and CKIT mutations, respectively. During 
treatment, 42.4% of the patients (106/250) received adjuvant therapy (interferon-α, PD-1 inhibitor, and dacarbazine-based 
regimen). The baseline characteristics of the patients are summarized in Table 1.

Of the 91 patients with prior systemic therapy, 55 (60.4%) and 36 (39.6%) patients had treatment failure after one or 
more regimens, respectively. The details of previous treatments are shown in Supplementary Table S1. Fifty patients 
(55.0%) had previously been treated with PD-1 inhibitor, and 20 patients (22.0%) progressed from prior anti- 
angiogenesis agents plus PD-1 inhibitor.

Response Rate
Overall, 244 patients were assessed for clinical response (Table 2). The ORR was 38.1%, the DCR was 92.2%, and the median 
DOR was 13.2 months. Among the 156 treatment-naïve patients, the ORR was 48.1%, the DCR was 97.4%, and the median DOR 
was 16.3 months. Among the 88 pretreated patients, the ORR was 20.5%, the DCR was 83.0%, and the DOR was 7.9 months.

The antitumor activity of the combination regimen was evaluated in the different subgroups (Figure 1). Treatment- 
naïve patients had a significantly greater ORR than pretreated patients (48.1% vs 20.5%, p < 0.001). Moreover, patients 
carrying KIT mutations responded better than those with wild-type KIT (56.0% vs 32.3%, p = 0.019). The ORR showed 
no significant differences among the primary AM sites (p = 0.690). Of the 50 patients who previously received PD-1 
inhibitor in the later-line group, the ORR was 20.0%.

Of the 17 patients with BRAFV600 mutation in the efficacy analysis, eight (47.1%) received the triple regimen as first- 
line therapy, and seven (41.2%) received first-line BRAF/MEK inhibitors (dabrafenib plus trametinib). Among the eight 
treatment-naïve patients with BRAFV600 mutations, the ORR to the triple regimen as the first-line therapy was 75% (6/8). 
Among the seven pre-treated patients, the ORR was 71.4% (5/7) to first-line BRAF/MEK inhibitors.
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To enhance the interpretation of our findings, we compared the ORR, PFS, and OS from our study with results from 
previous real-world studies and clinical trials on advanced acral melanoma (AM) (Table 3). Our study demonstrated an 
ORR of 38.1%, a median PFS of 8.5 months, and a median OS of 18.0 months, which are lower than those reported in 
the CAP 03 trial but higher than outcomes from anti-PD-1 monotherapy and the POLARIS-01 trial.

Table 1 Baseline Characteristics of the Patients

Characteristic Total (%) First-Line (%) ≥Second-Line (%)
(n = 250) (n = 159) (n = 91)

Age, years

Median 58 59 56

Range 20–89 24–89 20–85
Sex

Male 148(59.2) 95(59.7) 53(58.2)

Female 102(40.8) 64(40.3) 38(41.8)
ECOG performance status

0 166(66.4) 106(66.7) 60(65.9)

1 77(30.8) 52(32.7) 25(27.5)
2 7(2.8) 1(0.6) 6(6.6)

Primary tumor location

Sole 154(61.6) 100(62.9) 54(59.3)
Palm 25(10.0) 15(9.4) 10(11.0)

Subungual 71(28.4) 44(27.7) 27(29.7)

Stagea

Unresectable III 9(3.6) 8(5.0) 1(1.1)

M1a 56(22.4) 42(26.4) 14(15.4)

M1b 86(34.4) 56(35.2) 30(33.0)
M1c 63(25.2) 35(22.0) 28(30.8)

M1d 36(14.4) 18(11.3) 18(19.8)

LDH level
≤ULN 130(52.0) 95(59.8) 35(38.4)

>ULN but ≤2*ULN 93(37.2) 53(33.3) 40(44.0)

>2*ULN 27(10.8) 11(6.9) 16(17.6)
Hepatic metastasis

Yes 47(18.8) 23(14.5) 24(26.4)
No 203(81.2) 135(85.5) 67(73.6)

Brain metastasis

Yes 36(14.4) 18(11.3) 18(19.8)
No 214(85.6) 141(88.7) 73(80.2)

Mutation statusb

BRAF V600 19(8.4) 10(7.2) 9(10.2)
BRAF nonV600 3(1.3) 3(2.2) 0

NRAS 53(23.4) 35(25.4) 18(20.5)

CKIT 25(11.0) 15(10.9) 10(11.4)
Prior adjuvant therapy

Yes 106(42.4) 55(35.8) 49(53.8)

No 144(57.6) 102(65.4) 42(46.2)
Type of anti-PD-1 antibody

Camrelizumab 120(48.0) 94(59.1) 26(28.6)

Pembrolizumab 63(25.2) 35(22.0) 28(30.8)
Toripalimab 67(26.8) 30(18.9) 37(40.6)

Notes: aM1a, distant metastasis to soft tissues and skin; M1b, metastasis to the lung; M1c, 
metastasis to visceral sites except the brain; M1d, metastasis to the brain. bTwenty-one and 
three patients did not had genetic sequencing in the first-line and later-line groups, respectively. 
Abbreviations: ULN, upper limit of normal (240 U/L); ECOG, Eastern Cooperative Oncology 
Group; LDH, lactate dehydrogenase.
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Survival Outcomes and Prognostic Factors for Survival
At data cut-off, the median follow-up was 23.9 months (range 1.1–45.8 months). For the entire cohort, the mPFS and the 
mOS were 8.5 months (95% CI 7.3–11.0; Figure 2A) and 18.0 months (95% CI 16.5–21.9; Figure 2B), respectively. The 
mPFS was 12.0 months (95% CI 10.3–14.9) for patients receiving triple regimen as the first-line treatment and 5.8 
months (95% CI 4.3–6.4) for those who received triple regimen as the later-line treatment (p < 0.001; Figure 3A). 
Treatment-naïve patients also experienced a significantly longer mOS than patients who had received prior treatments 
(24.8 months vs 12.0 months, p < 0.001; Figure 3B).

Survival outcomes of the combination regimen was evaluated in the different subgroups of age, gender, ECOG, stage, 
LDH, liver metastasis, brain metastasis, BRAF/NRAS/KIT status, prior anti-PD-1 therapy, and prior adjuvant therapy 
(Supplementary Table S2). Patients who failed to respond to anti-PD-1 antibody-based regimens still benefited from the 
triple combination therapy, with a mPFS of 5.4 months (95% CI 4.2–6.2) and a mOS of 12.3 months (95% CI 8.7–15.5).

In the univariate analysis, the number of lines of therapy, liver metastasis, brain metastasis, LDH level, and adjuvant 
therapy were potential prognostic variables influencing the PFS (all p < 0.1). The multivariate analysis identified ≥2 lines 
of therapy (HR 2.03, 95% CI 1.44–2.87, p < 0.001), LDH elevation (HR 1.89, 95% CI 1.36–2.63, p < 0.001), and prior 
adjuvant therapy (HR 1.48, 95% CI 1.06–2.06, p = 0.021) as predictors of shorter PFS (Supplementary Table S3).

The univariate analysis demonstrated that the number of lines of therapy, sex, primary tumor location, liver 
metastasis, brain metastasis, LDH level, BRAF status, and adjuvant therapy were potential prognostic variables influen-
cing OS (all p < 0.1). The multivariate analysis demonstrated that the following four factors were independent prognostic 
factors for OS: ≥2 lines of therapy (HR 2.43, 95% CI 1.62–3.66, p < 0.001), LDH elevation (HR 2.04, 95% CI 1.34–3.11, 
p < 0.001), liver metastasis (HR 1.80, 95% CI 1.14–2.83, p = 0.011), and brain metastasis (HR 1.69, 95% CI 1.03–2.79, 
p = 0.039) (Supplementary Table S4).

Safety
The safety profile of the triple regimen in our study was generally consistent with the expected toxicities of the individual 
agents. Most treatment-related adverse events (TRAEs) were mild to moderate (grade 1–2), and the most frequent grade 
3–4 TRAEs included gamma-glutamyltransferase elevation (14.4%), decreased platelet count (13.2%), transaminase 
elevation (12.8%), and hypertension (11.2%).

Unexpected toxicities included two cases of immune-related enteritis and one case of immune-related myositis, which 
were not commonly observed in prior studies using similar combinations. Dose adjustments and supportive care 
measures successfully managed most severe toxicities without compromising efficacy.

Of the 250 patients, 231 (92.4%) experienced any-grade TRAEs and 113 (45.2%) had grade 3–4 AEs (Table 4). The most 
common any-grade TRAE was decreased white blood cell count (61.6%), followed by hyperbilirubinemia (47.2%), transaminase 
elevation (46.0%), decreased neutrophil count (40.4%), gamma-glutamyltransferase elevation (36.4%), and decreased platelet 
count (35.6%), most of which were grade 1–2. The most frequent grade 3–4 TRAEs were gamma-glutamyltransferase elevation 

Table 2 Tumor Response

Response Total First-Line ≥Second-Line
(n = 244) (n = 156) (n = 88)

CR, no. (%) 3 (1.2) 3 (1.9) 0

PR, no. (%) 90 (36.9) 72 (46.2) 18 (20.5)

SD, no. (%) 132 (54.1) 77 (49.3) 55 (62.5)
PD, no. (%) 19 (7.8) 4 (2.6) 15 (17.0)

ORR, (95% CI) 38.1 (32.3–44.4) 48.1 (40.0–56.2) 20.5 (12.6–30.4)

DCR, (95% CI) 92.2 (88.1–95.2) 97.4 (93.6–99.3) 83.0 (73.4–90.1)
DOR, (95% CI) 13.2 (7.8–18.5) 16.3 (10.8–21.8) 7.9 (5.1–10.8)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease; ORR, objective response rate; DCR, disease control rate; DOR, 
duration of response; CI, confidence interval.
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(14.4%), decreased platelet count (13.2%), transaminase elevation (12.8%), and hypertension (11.2%). TRAEs resulting in 
treatment discontinuation occurred in 13 patients (5.2%), including decreased platelet count, transaminase elevation, hyperbilir-
ubinemia, and immune-related enteritis. Treatment-related deaths were not observed.

Figure 1 Objective response rate in the different subgroups of patients. 
Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; ULN, upper limit of normal (240 U/L); CI, confidence interval; ORR, objective 
response rate.
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Impact of Prior Therapy on Outcomes
The impact of prior therapies, particularly PD-1 inhibitors and anti-angiogenesis agents, was evaluated to understand 
their influence on subsequent responses. Patients who had previously received PD-1 inhibitors exhibited a lower ORR 
(20.0%) compared to treatment-naïve patients (48.1%). Similarly, those treated with anti-angiogenesis agents prior to the 
triple regimen demonstrated a reduced response rate and shorter PFS.

Discussion
This study provides real-world evidence to verify the effectiveness and safety of anti-PD-1 antibody plus apatinib and 
temozolomide for treating advanced AM. The triple regimen used in this study consists of an anti-PD-1 antibody (eg, 
camrelizumab, pembrolizumab, toripalimab), apatinib, and temozolomide. Anti-PD-1 antibodies work by blocking the 
interaction between PD-1 and PD-L1, thereby reactivating T-cell-mediated immune responses against tumor cells. 
Apatinib, a potent inhibitor of VEGFR-2, reduces tumor vascularization by blocking angiogenesis, leading to tumor 
hypoxia and cell death.10 Temozolomide is an alkylating agent that induces DNA damage (especially O6-methylguanine 
lesions), triggering cell cycle arrest and apoptosis.11 Moreover, temozolomide may modulate the tumor microenviron-
ment by reducing regulatory T cells (Tregs) and enhancing CD8+ T cell infiltration, thereby amplifying the efficacy of 
immune checkpoint blockade.12 To our knowledge, this is the first real-world analysis to report on the efficacy of PD-1 
inhibitor plus anti-angiogenesis and chemotherapy in patients with melanoma. The ORR was 38.1%, the mPFS was 8.5 
months, and the mOS was 18.0 months in the overall population. For treatment-naïve patients, the ORR was 48.1%, the 
mPFS was 12.0 months, and the mOS was 24.8 months. Patients in the later-line group also achieved considerable 
clinical outcomes. Based on these results, we suggest that this triple regimen is useful for advanced AM, especially when 

Table 3 Comparison of Efficacy Outcomes from Current Study and Previous Clinical Trials or Real-World 
Studies on Advanced Acral Melanoma

Study Treatment ORR (%) mPFS (Months) mOS (Months)

CAP 03 Trial Camrelizumab + Apatinib + Temozolomide 64.0 18.4 Not Reached

Current Study Same Triple Regimen 38.1 8.5 18.0

POLARIS-01 Trial Toripalimab 20.0 3.6 11.3
Real-World Data Anti-PD-1 Monotherapy 14.0 3.2–4.1 9.0–12.0

Figure 2 Kaplan‒Meier estimates of (A) progression-free survival and (B) overall survival in the overall population.
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used as the first-line therapy. Few clinical trials have explored therapeutic regimens specific to AM; therefore, this real- 
world study fills this knowledge gap and provides guidance for clinical application.

Patients with AM achieve limited benefit with anti-PD-1 antibody monotherapy; therefore, combination therapy is 
a promising approach. However, the effects of anti-angiogenesis plus anti-PD-1 antibody failed to meet our expectations. 

Table 4 Treatment-Related Adverse Events

Adverse Event No. (%) (n = 250)

Grade 1–2 Grade 3 Grade 4 Total

White blood cell decreased 131 (52.4) 22 (8.8) 1 (0.4) 154 (61.6)
Hyperbilirubinemia 101 (40.4) 16 (6.4) 1 (0.4) 118 (47.2)

ALT/AST elevation 83 (33.2) 26 (10.4) 6 (2.4) 115 (46.0)

Neutrophil count decreased 81 (32.4) 19 (7.6) 1 (0.4) 101 (40.4)
Gamma-glutamyltransferase increased 55 (22.0) 30 (12.0) 6 (2.4) 91 (36.4)

Platelet count decreased 56 (22.4) 19 (7.6) 14 (5.6) 89 (35.6)

Anemia 56 (22.4) 15 (6.0) 6 (2.4) 77 (30.8)
Nausea 70 (28.0) 0 0 70 (28.0)

Hypertension 40 (16.0) 24 (9.6) 4 (1.6) 68 (27.2)

Hypokalemia 47 (18.8) 3 (1.2) 0 50 (20.0)
Hypothyroidism 39 (15.6) 0 0 39 (15.6)

Proteinuria 25 (10.0) 2 (0.8) 0 27 (10.8)

Vomiting 21 (8.4) 0 0 21 (8.4)
Hand-foot syndrome 20 (8.0) 0 0 20 (8.0)

Rash 15 (6.0) 3 (1.2) 0 18 (7.2)

Haemangioma 6 (2.4) 0 0 6 (2.4)
Diarrhea 6 (2.4) 0 0 6 (2.4)

Oral ulceration 3 (1.2) 0 0 3 (1.2)

Immune-related enteritis 2 (0.8) 0 0 2 (0.8)
Immune-related myositis 1 (0.4) 0 0 1 (0.4)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase.

Figure 3 Kaplan‒Meier estimates of (A) progression-free survival and (B) overall survival in patients with 1 line or ≥2 lines of therapy.
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Indeed, the combination of chemotherapy plus anti-angiogenesis and ICI has become a novel treatment option, and good 
efficacy has been observed in treating advanced esophageal squamous cell carcinoma and lung cancer.13,14 Patients with 
AM have a severe immunosuppressive state,15 and studies have suggested that temozolomide may modify the tumor 
microenvironment via depletion of regulatory T-cells, enrichment of CD8+ T-cells, and improvement of CD8+ T-cell 
infiltration into melanoma tumors, thereby enhancing the efficacy of immunotherapy.16,17

The efficacy of the triple therapy in this real-world cohort was lower than that of the CAP 03 trial, and several factors might 
have contributed to this discrepancy. First, in our study, 36.4% of the patients had previously been treated. Receiving the triple 
regimen as second-line therapy or beyond was a negative prognostic factor in our multivariate analysis of PFS and OS. Second, 
patients in the present study showed worse baseline characteristics than those in the CAP 03 trial. More patients in our study had 
LDH elevation (48.0% vs 32.0%), which is considered a poor prognostic factor for most regimens and displays negative 
association with prognosis in patients with melanoma.18 According to the M-stage, in the CAP 03 trial, more than two thirds 
of the patients had only soft tissue/ lymph node or lung invasion (M1a or M1b, 72%), which is considered a positive predictor of 
response to therapy.19,20 The lower percentage of patients with M1a/M1b in our study (56.8%) might explain the poorer efficacy. 
Third, our study included patients with baseline brain metastasis. The prognosis of patients with melanoma brain metastasis is 
considered to be poor, and it is significantly worse than those with no brain involvement.21

For patients with progression following PD-1 inhibitor therapy, the ORR was 20% and the PFS was 5.4 months, both 
of which were higher than the ORR and PFS of other combination regimens reported in AM subgroup analyses of PD- 
1-refractory melanoma.22,23

An interesting finding is that patients carrying KIT mutation tended to benefit more from this triple regimen, which is 
consistent with the CAP 03 study.9 The KIT gene encodes a receptor tyrosine kinase involved in cell signaling pathways, including 
MAPK and PI3K/AKT.24 Mutations in KIT lead to constitutive activation of these pathways, promoting tumor proliferation and 
survival. In melanomas, especially acral and mucosal subtypes, KIT mutations are associated with aggressive behavior and poor 
prognosis. Notably, patients with KIT mutations responded better to the triple regimen (ORR 56%) compared to those with wild- 
type KIT, possibly due to the synergistic effect of antiangiogenic therapy with PD-1 inhibition.25 The BRAFV600 mutation results in 
constitutive activation of the MAPK pathway, promoting uncontrolled cell growth.26 While BRAF/MEK inhibitors (eg, dabrafenib 
plus trametinib) are effective in BRAFV600-mutant melanoma, our study found that the triple regimen as first-line therapy also 
achieved high response rates (ORR 75%), suggesting that combining chemotherapy and immunotherapy remains an effective 
alternative. Although MEK inhibitors have shown partial efficacy, the triple regimen demonstrated a favorable ORR of 42.3% in 
patients with mutations, highlighting its potential as a treatment option in this subset of melanoma.

In our study, patients with KIT mutation had a higher ORR than their wild-type counterparts (56.0% vs 32.3%), but 
the two groups showed no significant differences in PFS or OS, probably due to the limited number of KIT-mutated 
patients. However, how KIT mutation contributed to the improved outcomes with PD-1 inhibitor therapy plus apatinib 
and temozolomide in this study is unclear, so further studies are required for elucidating this.

KIT mutations exhibit a significant association with poor prognosis in patients with melanoma,27 suggesting the 
importance of exploring effective treatment options in this group. In previous studies, the KIT inhibitors imatinib and 
nilotinib had ORR of 29.2% and 26.2%, respectively.28,29 The ORR of patients with KIT mutation to the triple regimen in 
this study was higher than those of targeted therapies.

In addition, the triple regimen exerted potential antitumor activity in patients with NRAS or BRAF mutations. In 
patients with NRAS mutation, the ORR (42.3%) was similar to the ORR (42.9%) in a phase II trial with the MEK 
inhibitor tunlametinib,30 suggesting that in patients with NRAS-mutated AM, the triple combination is a viable treatment 
option. A follow-up analysis of a phase II trial assessed the efficacy of BRAF/MEK inhibitors (dabrafenib plus 
trametinib) in patients with melanoma with BRAFV600 mutation, the ORR was 83.3% in the AM subgroup.31 In our 
study, patients with BRAFV600 mutation had an ORR of 75% to the triple regimen when used as first-line therapy. It 
seems that targeted therapies might be the preferred strategy for AM with BRAF mutations, but no head-to-head studies 
have been conducted in these patients; therefore, this hypothesis should be explored in future studies.

We also explored how the primary site of AM affects the ORR to the triple regimen. Our results are consistent with the 
observations of the CAP 03 trial. No statistically significant difference was found in ORR among the primary sites of AM. Many 
other studies similarly revealed no association between the anatomic site and ORR, including a large Japanese cohort of 325 
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patients with advanced AM treated with ICIs.7,32 However, previous studies have yielded controversial results, showing that 
different primary sites in patients with AM might be associated with different prognoses.33 Although clinicopathological features 
and TMB across the primary lesions are important, more complicated mechanisms may contribute to patient outcomes.1,34

Our findings align with previous real-world studies, indicating that the combination regimen offers a feasible and 
potentially advantageous therapeutic option compared to monotherapies or dual therapies. Despite variations in outcomes 
between clinical trials and real-world settings, our study highlights the importance of considering patient heterogeneity 
and prior treatment history when interpreting efficacy results.

In this study, patients showed good tolerability to anti-PD-1 antibody plus apatinib and temozolomide. The types of 
TRAE were similar to those reported in the CAP 03 trial.9 Most of the TRAEs were grade 1–2. The main grade 3–4 
TRAEs were liver injury and hematologic toxicity, which were alleviated by dose adjustment and symptomatic treatment. 
Furthermore, few patients experienced treatment discontinuation. In this study, patients exposed to the PD-1 inhibitor 
experienced new AEs that were not observed in our previous studies.9,35 Two patients had immune-related enteritis and 
one had immune-related myositis. Previous studies have also reported enteritis and myositis with the use of immu-
notherapies in melanoma.36,37

This study has several limitations that should be considered. There might be potential selection bias due to its retrospective 
design. Moreover, this study did not include the baseline characteristic of PD-L1 expression. However, the CAP 03 study did 
not identify PD-L1 expression as having prognostic significance in patients treated with the triple regimen.

Conclusions
This study provides real-world evidence that anti-PD-1 antibody plus apatinib and temozolomide is an effective 
therapeutic strategy for advanced AM, especially when used as the first-line therapy. Moreover, the safety profile of 
this triple regimen was acceptable Compared with clinical trial results, the real-world efficacy observed in our study was 
relatively lower, which may be attributed to differences in patient characteristics and treatment settings. This highlights 
the challenges in translating clinical trial outcomes to real-world practice.

To further validate our findings, prospective studies are warranted. Additionally, identifying predictive biomarkers 
will help to optimize patient selection and improve treatment efficacy. Developing personalized therapy strategies based 
on individual molecular profiles could also enhance outcomes and reduce toxicity. A 3-arm, multicenter, randomized 
controlled study is currently in progress for further validating the efficacy of this triple regimen in patients with AM.
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