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Abstract
Purpose  Acral melanoma (AM), a rare and aggressive melanoma subtype with poor prognosis, presents unique challenges 
in treatment due to its distinct molecular and immune characteristics. This case report describes a patient with AM harbor-
ing an AGK-BRAF fusion mutation, aiming to explore potential mechanisms of resistance to current treatment modalities.
Methods  We analyzed tumor tissue samples from the primary and metastatic lesions of the patient using next-generation 
sequencing (NGS) for genomic profiling and multiplex immunohistochemistry (mIHC) to assess the immune microenviron-
ment. The patient underwent multiple lines of treatment, including immunotherapy, chemotherapy, and targeted therapy, 
with their clinical outcomes documented and evaluated.
Results  The AGK-BRAF fusion mutation and its reciprocal BRAF-AGK rearrangement were identified in both primary and 
metastatic tumors. Immune profiling revealed abundant CD8 + T cells, PD-L1 + cells, and CD68 + macrophages localized 
predominantly in the tumor interstitial region, potentially explaining the poor response to immunotherapy. Despite initial 
disease stabilization with trametinib and lenvatinib, rapid progression occurred, highlighting tumor heterogeneity and limited 
efficacy of combined therapies.
Conclusion  This case underscores the need for personalized approaches in treating AM, especially those with rare molecular 
alterations like AGK-BRAF fusion. Insights from genomic and immune profiling may inform future therapeutic strategies 
to overcome resistance and improve outcomes in this challenging melanoma subtype.
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Introduction

Melanoma is a tumor resulting from the malignant trans-
formation of melanocytes, which are derived from neural 
crest cells. In recent decades, its incidence has significantly 
increased in most countries. Acral melanoma (AM) refers to 
melanoma originating from the hairless areas of the soles, 
subungual and palms of the hands. Compared with cutane-
ous melanoma (CM), AM is highly malignant and invasive 

and has a poor prognosis [1]. The incidence of AM var-
ies among individuals of different ethnic backgrounds: It 
is rare in Caucasians [2–4] but higher in others, accounting 
for 50–58% of all cases of melanoma in Asians [5] and even 
higher in black people (60–70%) [6]. Although significant 
progress has been made in the treatment of melanoma, 
including the development of immunotherapies, patients 
with AM have derived limited benefit from these advances 
due to unique biological and molecular characteristics, 
resulting in a low overall survival rate [7].

Since 2011, several immune checkpoint inhibitors 
(ICIs), including pembrolizumab and nivolumab, have been 
approved by the United States FDA or the Chinese National 
Medical Products Administration for the treatment of mela-
noma [8]. Recent reports have shown that AM patients 
generally have a low tumor mutation burden [9, 10], and 
in terms of the spatial characteristics of the tumor immune 
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microenvironment, significantly more CD8+ T cells and M1 
macrophages infiltrate their tumor interstitial region [11]. 
These findings may help explain the low success rate of 
immune monotherapy against AM, as indicated by studies 
reporting limited objective response rates and survival out-
comes for AM patients treated with anti-PD-1 therapies [12, 
13]. However, the clinical application of combination ther-
apy in AM is being actively explored. Dual immunotherapy 
approaches, such as anti-CTLA4 and anti-PD-1 combination 
therapy, have shown improved efficacy, with significantly 
higher objective response rates and overall survival com-
pared to monotherapy [14]. A recent study reported that 
immunization + chemotherapy + antiangiogenic therapy 
showed good efficacy in the treatment of advanced AM [15].

BRAF mutations occur in roughly 8% of all cancers, 
being most common in thyroid cancer (59%) and melanoma 
(51%) [16]. Although BRAF mutation (10–35%) is a com-
mon driver mutation in AM, it is far more common in CM 
(45–50%) [17]. The BRAF gene mutations are mainly caused 
by the transversion of thymidine and adenosine, leading to 
the BRAFV600E mutation, which accounts for 92% of BRAF 
mutations found in tumors. This is also the main type of 
mutation targeted by the currently approved BRAF/MEK 
inhibitors. According to an analysis of a large cohort, BRAF 
fusions were identified in 14 out of 531 melanomas (2.64%) 
[18]. There are even fewer reports on the use of BRAF/MEK 
inhibitor reactions for BRAF fusion in AM.

We present the following case in accordance with the 
CARE reporting checklist. We describe a rare case of AM 
with an AGK-BRAF fusion. The patient progressed after 
receiving combination immunotherapy, used a MEK inhib-
itor, and then progressed rapidly. Given the rarity of the 
AGK-BRAF fusion mutation in AM and the poor response of 
the patient to immunotherapy + MEK inhibitor combination 
treatment, we used next-generation sequencing (NGS) DNA-
seq to analyze genomic mutations and fusion events, and 
multiplex immunohistochemistry (mIHC) to characterize the 
immune microenvironment of the patient’s tumor tissue to 
gain insights into its potential drug resistance mechanisms.

Case presentation

The patient was a 40-year-old male. He reported that he had 
a black nevus on the right plantar 30 years ago, with a size 
of about 3 mm × 3 mm, which gradually increased to 9 mm 
× 5 mm over time, with a flat surface, uneven pigment dis-
tribution, and no ulcers.

In January 2022, the patient developed right groin pain 
without obvious cause. Physical examination revealed a 
tumor in the right groin of 8 cm × 5 cm, with adhesion and 
fixation with the surrounding tissues and poor mobility. The 
patient underwent biopsy of the right groin tumor at another 

hospital, and the pathology suggested melanoma lymph node 
metastasis (tumor 2). The patient then underwent right plan-
tar tumor resection. Postoperative pathology suggested right 
plantar melanoma (tumor 1). Genetic testing (81-gene panel 
NGS-DNA detection) suggested that the tumor had a NF2 
(p.R249K) mutation and AGK-BRAF (A2:B8) fusion. After 
surgery, the patient underwent one cycle of liposomal pacli-
taxel + carboplatin + bevacizumab injection + toripalimab 
injection on January 27. The specific dosage is unknown. 
Grade II gastrointestinal reactions occurred after treatment 
but improved after symptomatic treatment.

The patient came to our hospital for treatment on Feb-
ruary 10. After receiving two cycles of treatment with 
albumin-paclitaxel (500  mg d1) + carboplatin (600  mg 
d1) + Bevacizumab (400 mg d1/d15) + toripalimab (240 mg 
d1, d15 Q28d) starting February 16, the patient developed 
nausea and vomiting. Gastroenteroscopy suggested esopha-
geal and gastric metastasis. On March 25, CT revealed that 
the lymph nodes adjacent to the right iliac vessels and right 
groin were slightly enlarged compared to before, with newly 
developed liver metastases. At this point, genetic testing 
(Genecast Biotechnology Co., Ltd., Wuxi, 769-gene large 
panel NGS sequencing) was performed on tumor 2, whose 
results confirmed AGK-BRAF (A2:B8) gene fusion.

From March 26 to May 15, the patient was treated with 
trametinib (2 mg QD) combined with Lenvatinib (12 mg 
QD). The review CT scan on April 25 revealed stable 
disease, but the review CT scan on May 16 showed pro-
gressive disease (PD). The patient underwent one cycle of 
treatment with temozolomide (350 mg d1-d5) + apatinib 
(250 mg QD) + camrelizumab injection (200 mg d1, d15 
Q28d) on May 16. On June 22, a follow-up CT scan showed 
that, compared to before, the metastatic lymph nodes near 
the right groin and iliac vessels were significantly enlarged 
and the intrahepatic metastatic lesions were enlarged and 
increased, the assessment suggesting PD. Notably, the 
inguinal lymph node metastasis had previously shown a 
response to trametinib + lenvatinib, potentially indicating 
inter-tumoral heterogeneity. The patient died on June 29. 
The treatment timeline and the corresponding CT results 
are shown in Fig. 1.

Mutant gene analysis

In March 2022, two copies of tumor tissues (tumor 1 and 
tumor 2) and the corresponding paracancerous tissues from 
the patient were formalin-fixed and paraffin-embedded and 
then sent again to the CAP-certified laboratory (Genecast 
Biotechnology Co., Ltd., Wuxi) for NGS of 769 genes 
(Fig. 2A). DNA was extracted and quantified prior to library 
preparation by the KAPA Hyper Preparation Kit (Kapa Bio-
systems, USA). Mutationals were identified using Genome 
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Analysis toolkit (GATK) (v. 3.7), and visualized by the R 
software program (version 3.6.1, https://​www.r-​proje​ct.​org/).

In contrast to the results obtained by the previous assays, 
AGK-BRAF (A2:B8) (1.68%, 4.76%) fusion as well as 
BRAF-AGK (B7:A3) (5.98%, 10.22%) rearrangements were 
detected in both primary tumor 1 and metastatic tumor 2 
by this assay (Fig. 2B). These findings are consistent with 
the mechanism of an inversion event, which leads to the 
generation of both AGK-BRAF and its reciprocal BRAF-
AGK fusion [19]. Moreover, the SMARCA4 p.R208W 
(2.38%) mutation was detected in tumor 1, and the NOTCH2 
p.V416A (22.64%) and CDA p.A41T (29.37%) mutations 
were detected in tumor 2 (Fig. 2C). Before this, only AGK-
BRAF (A2:B8) fusion and NF2 mutations were detected in 
tumor 1. In addition, we performed analysis on tumor muta-
tion burden and microsatellite instability status and found 
that both tumor 1 and tumor 2 were microsatellite-stable and 
microsatellite instability-low.

Multiplex immunohistochemistry

To further explore the immune microenvironments of tumor 1 
and tumor 2, mIHC staining was performed using four classic 
immune microenvironment markers: CD8, PD-L1, PD-1, and 
CD68. Multiplex immunofluorescence staining was conducted 

using the Akoya OPAL Polaris 7-Color Automation IHC kit 
(NEL871001KT) according to the manufacturer’s protocol. 
The primary antibodies used were as follows: CD8 (Zsbio, 
1:100 dilution), PD-L1 (CST, 1:100 dilution), PD-1 (Zsbio, 
1:50 dilution), and CD68 (Zsbio, 1:500 dilution). Staining was 
performed using a TSA method. Slides were scanned using 
the AKoya Vectra imaging system. The quantities of vari-
ous cell populations were expressed as the number of stained 
cells per square millimeter and further as the percentage of 
positively stained cells. The assay results (Fig. 2D) showed 
that, compared to tumor 1, the immune microenvironment 
of tumor 2 was more abundant in immune cells, particularly 
PD-L1 + cells, CD8 + T cells, and CD68 + macrophages. 
However, it is worth noting that in both tumor 1 and tumor 
2, immune cells were predominantly localized to the inter-
stitial region of the tumor rather than the tumor cell area 
(Fig. 2E). This distribution pattern may have contributed to 
the poor immunotherapeutic outcome of the patient, despite 
the immune microenvironment being rich in immune cells.

Discussion and literature review

Compared to CM, AM is more malignant, invasive, and 
associated with a poorer prognosis. The 5-year survival 
rate for AM ranges from 62.4 to 77.9%, while for CM, 

Fig. 1   Treatment timeline and follow-up CT imaging results of the patient
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it is significantly higher, ranging from approximately 
88.9–96.7%, depending on the population and region 
[20–22]. There is little evidence from large international 
cohort studies on treatments for metastatic AM. In China, 
melanoma has a relatively low overall incidence of 0.37 per 
100,000 population. However, AM accounts for a higher 
proportion of melanoma cases in China due to the predomi-
nance of acral and mucosal subtypes, compared to other 
melanoma subtypes commonly seen in Western countries 
[23].

In recent years, significant progress has been made in 
the treatment of melanoma. However, as a distinct subtype, 
AM patients in China have derived limited benefits from 
traditional treatments like interferon and chemotherapy [12, 
24, 25]. Immunotherapy has emerged as a promising option 
for metastatic melanoma [8], but the efficacy of single ICIs 
in treating metastatic AM remains suboptimal (Table 1). 
Clinical studies of PD-1 monoclonal antibody monother-
apy for second-line treatment of advanced melanoma in 
China reported low objective response rates (ORRs) for AM 
patients, at 15.8% [13, 26] and 14.3% [27], respectively, with 
OS of 14.8 and 16.9 months, respectively.

To address these challenges, immune combination thera-
pies have gained traction as a development trend in solid 
tumor treatments, including AM. Among these, dual immu-
notherapy, combining anti-PD-1 and anti-CTLA-4 agents, 
appears most effective. In a study of untreated patients with 
unresectable stage III/IV or recurrent melanoma, the ORR 
for AM patients treated with nivolumab plus ipilimumab 
reached 42.9% [28]. Similarly, Nathan et  al. reported a 
median OS of 25.8 months and an 18-month OS rate of 
59.0% in AM patients receiving nivolumab after progres-
sion on ipilimumab [29]. These findings suggest that dual 
immunotherapy significantly improves OS and ORR in AM 
patients, underscoring its potential as a preferred strategy for 
this challenging melanoma subtype.

The effect of radiotherapy combined with immunity in 
AM is poor, with a response rate (RR) and disease control 
rate (DCR) of 0% and 66.6%, respectively [30]. There is little 
research on immunotherapy combined with chemotherapy. 
In addition to directly inhibiting tumor cell synthesis, chem-
otherapy drugs can promote the release and recognition of 
tumor antigens, upregulate PD-L1 expression, and enhance 

the efficacy of immunotherapy. Conversely, immunother-
apy can rebuild the patient’s immune system, protect body 
homeostasis, and enhance chemotherapy efficacy by activat-
ing CD8 + T cells. The results of a domestic multi-center 
retrospective analysis of pembrolizumab combined with 
temozolomide in the treatment of unresectable and advanced 
melanoma showed that the pembrolizumab combined with 
temozolomide group had a DCR of 80.0%, an ORR of 40%, 
and a median PFS (mPFS) of 9.8 months. Notably, among 
the 69 melanoma patients included in the study, 28 (40.6%) 
were acral melanoma (AM) cases. The results demonstrated 
that the ORR of the pembrolizumab combined with temo-
zolomide group was significantly higher than that of the 
pembrolizumab group and chemotherapy group [31]. Anti-
angiogenic drugs, such as lenvatinib, can reduce tumor blood 
supply and block tumor growth, potentially enhancing the 
efficacy of immunotherapy. By altering the tumor micro-
environment, these drugs may modulate immune cell infil-
tration and improve responses to PD-1 inhibitors. Results 
from the LEAP-004 study demonstrated the efficacy of 
combining immunotherapy with anti-angiogenic agents for 
late-line treatment of advanced melanoma [32]. The study 
included patients with unresectable, stage III or stage IV 
disease who had previously received PD-1/PD-L1 mono-
therapy or multiple lines of combined therapy. The ORR of 
the overall population was 21.4%, and the DCR was 66%. 
Among them, 29 patients whose disease progressed after 
receiving PD-1/PD-L1 antibody combined with CTLA-4 
antibody treatment had an ORR of 31%. Recently, an immu-
notherapy and antiangiogenic study evaluated the efficacy of 
Camrelizumab combined with Apatinib in the treatment of 
advanced AM. The results showed that an ORR of 24.1%, 
with a median PFS and OS were 7.39 and 13.27 months, 
respectively [33]. Another study of Camrelizumab combined 
with Apatinib and Temozolomide in the first-line treatment 
of advanced AM showed that the ORR was 64.0%, and the 
median time to response and duration of response (DOR) 
were 2.7 months and 17.5 months, respectively. The DCR 
was 88.0%, and the estimated median PFS was 18.4 months 
[15]. When the patient came to our hospital for treatment, 
we also chose the mode of chemotherapy combined with 
immune and targeted therapy. Unfortunately, this patient did 
not respond well to this modality.

Based on the mIHC results of patient’s tumor 1 and 
tumor 2, the reasons for the patient’s insensitivity to immu-
notherapy were further explored. In January 2017, Chen 
proposed classifying tumors into 3 phenotypes: immune-
inflammatory, immune- exclude, and immune-desert. 
Immune-excluding tumor (IET) refers to the presence of 
many immune cells around the tumor cells, but immune 
cells cannot infiltrate the tumor cell core but are restricted 
to the peripheral stroma of the tumor [34]. Clinically, IET 
responds little to none to ICIs. The root cause is the inability 

Fig. 2   The NGS results and immunohistochemical results of the 
patients two lesions, right plantar melanoma (L1) and melanoma 
lymph node metastasis (L2). A  Heatmap of single-nucleotide muta-
tions in L1 and L2 lesions. B  Fusion and rearrangement events 
detected in the two lesions. C  Lollipop plots showing the mutated 
gene loci in the two lesions. D mIHC images showing the expression 
of CD8, CD68, PD-1, and PD-L1 and the merged image of tumor 
1 and tumor 2. E Bar graphs illustrating the cell densities of CD8+, 
CD68+, PD-L1+, and PD-1+ cells in the tumor area and stromal area 
of tumor 1 and tumor 2

◂
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of cytotoxic T lymphocytes to effectively infiltrate tumors. In 
our case report, although patient’s tumor 2 had high PD-L1 
expression and CD8+ cell staining, the staining had a limited 
range, being concentrated in the tumor interstitial area, and 
the expression of all immune indicators in tumor 1 was very 
low. This may help explain the patient’s poor response to 
immunotherapy despite some immune cell expression within 
the immune microenvironment.

The combination of anti-PD-1 therapy with chemothera-
pies, such as paclitaxel and carboplatin, or temozolomide in 
the first line of treatment may have detrimental effects on the 
establishment of an effective immune response, as suggested 
by some studies [35]. Furthermore, the use of anti-VEGF 
agents, such as bevacizumab, may contribute to the immune-
excluding tumor (IET) phenotype by inhibiting blood vessel 
formation, which can impair the infiltration of immune cells 
into the tumor. However, this area remains controversial, and 
it is important to draw cautious conclusions, particularly in 
the context of a single case report.

A team from Fudan University published a report in the 
journal Nature Communications on a type of antifibrotic 

small molecule-based nanoparticle, which encapsulates plas-
mids that can encode immunostimulatory cytokines. This 
nanosystem acts as a cytotoxic T lymphocyte infiltration 
enhancer, which can induce intratumoral vascular normali-
zation and stimulate the release of T-lymphocyte recruit-
ment signals by weakening the stromal barrier within the 
IET, thereby increasing the infiltration level of cytotoxic 
T-lymphocytes within the IET and ultimately improving 
the response to ICIs within the IET [36]. This may become 
a novel treatment mode for IET melanoma.

In addition to the AGK-BRAF fusion, mutations 
in SMARCA4 (p.R208W), CDA (p.A41T), NOTCH2 
(p.V416A), and NF2 (p.R249K) were detected. SMARCA4 
mutations have been implicated in various cancers, including 
small cell lung cancer, where they are associated with poor 
prognosis [37]. NOTCH2 mutations are known to play a role 
in various malignancies, including glioma and lymphoma, 
suggesting potential oncogenic properties [38]. NF2 muta-
tions, which are well-known in the context of neurofibroma-
tosis type 2, have also been implicated in other tumor types, 
including meningiomas and schwannomas [39].

Table 1   Summary of immunotherapy clinical trials involving sub-analysis of patients with acral melanoma

PMID Study Patients (N) Treatment (line of therapy) Results Biomarkers

31445199 Paul Nathan et al. [29] n = 1008 (total)
n = 55 (AM)

Nivolumab (2+) Median OS: 25.8 months
18-month OS rates: 59.0%

Not reported

36304457
30981094

Lu Si et al. [13, 26] n = 103 (total)
n = 39 (AM)

Pembrolizumab (2) ORR: 15.8%
PFS: 2.8 months
OS: 14.8 months

PD-L1 positive: PFS: 4.4 
months; OS: 22.8 months

PD-L1 negative: PFS: 2.7 
months; OS: 8.4 months

BRAF wild-type: PFS: 3.4 
months; OS: 18.5 months

BRAF mutant: PFS: 1.9 
months; OS: 5.8months

32321714 Bixia Tang et al. [27] n = 128 (total)
n = 50 (AM)

Toripalimab (2) ORR: 14.0%
Median PFS: 3.2 months
Median OS: 16.9 months

Total:
PDL1 positive: ORR: 38.5%; 

PFS: 7.7 months; OS: Not 
Reached

PDL1 negative: ORR: 11.9%; 
PFS: 2.7 months; OS: 14.4 
months

NRAS mutations: ORR: 6.3%
CCDN1 amplifications: ORR: 

0%
30447539 Namikawa et al. [28] n = 30 (total)

n = 7 (AM)
Ipilimumab + Nivolumab (1) ORR: 42.9% Not reported

30758859 Junji et al. [30] n = 10 (total)
n = 3 (AM)

Nivolumab/pembroli-
zumab + radiotherapy 
(mixed)

ORR: 0% Not reported

36753834 Xuan Wang et al. [33] 30 Camrelizumab + Apatinib 
(1)

ORR:24.1%
Median PFS: 7.39 months
Median OS: 13.27months

A 5-gene set (TTN, 
MUC16,VPS13D, ALPK2 
and SCUBE1), Patients with 
gene-set positive showed 
markedly better PFS and 
OS than those with gene-set 
negative in this cohort
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To further explore more effective treatment models, 
we focused on the rare AGK-BRAF fusion detected in 
this patient. BRAFV600E occurs in the kinase activation 
region of BRAF exon 15, leading to spontaneous, sustained, 
and aberrant activation of the MAPK pathway. Unlike the 
BRAFV600E mutation, which involves an activating muta-
tion within the kinase domain, the AGK-BRAF fusion 
retains the wild-type kinase domain but lacks the CR1 
domain, which includes the autoinhibitory region. This loss 
of the autoinhibitory domain results in constitutive activa-
tion of the MAPK pathway through autophosphorylation. 
This structural difference impacts the conformation and acti-
vation state of the kinase, influencing its responsiveness to 
inhibitors [18, 40, 41].

In 2022, a case of soft tissue myoepithelial carcinoma 
with AGK-BRAF fusion was reported. Although chemo-
therapy and regorafenib treatment did not result in signifi-
cant remission, the use of MEK inhibitor cobimetinib as a 
monotherapy resulted in sustained clinical response [42]. 
Although reports of MEK inhibitors (MEK-TKIs) treating 
melanoma with BRAF fusions are rare, some cases exist. A 
cutaneous melanoma with PPFIBP2-BRAF fusion and an 
acral melanoma with KIAA1549-BRAF fusion responded 
to MEK inhibitors[43]. Other examples include a BRAF-
ZKSCAN5 fusion responding to dabrafenib and trametinib 
and a SKAP2-BRAF fusion resistant to immunotherapy but 
sensitive to MEK inhibitors [44, 45]. However, not all BRAF 
fusions are sensitive, as shown by a FNBP1-BRAF fusion 
resistant to both immunotherapy [46].

The case presented in this report highlights a rare AGK-
BRAF fusion in acral melanoma (AM) that demonstrated 
only transient disease stabilization with MEK-TKI therapy 
(trametinib and lenvatinib), followed by rapid progression 
in some metastases. This suggests the potential influence of 
tumor heterogeneity and the challenges of targeting BRAF 
fusions in AM.

Conclusions

This case report describes a patient with AM harboring an 
AGK-BRAF fusion. The patient initially achieved stable 
disease with trametinib and lenvatinib but subsequently 
experienced rapid disease progression, particularly in some 
metastases, indicating intertumoral heterogeneity. Through 
NGS and mIHC, we characterized the genomic landscape 
and immune microenvironment of the tumor. The limited 
response to immunotherapy might be attributed to the 
immune-excluding tumor (IET) phenotype observed in the 
microenvironment.

While this case suggests that MEK inhibitor therapy may 
provide temporary stabilization in AGK-BRAF fusion-driven 
AM, the advanced stage of disease at the time of treatment 

might have limited its efficacy. Further studies are needed to 
explore the heterogeneity of BRAF fusions and assess the 
effectiveness of MEK inhibitors at earlier stages of disease. 
This single case highlights the complexities of treating AM 
with rare genetic alterations like AGK-BRAF fusion and 
underscores the need for personalized therapeutic approaches.
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