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SIGNIFICANCE
Capsule summary 

• � It was found that the immune microenvironment of 
hidradenocarcinoma was noninflammatory and evidence-
based targets for targeted therapy were lacking.

• � New ideas and strategies for the use of immunosuppres-
sive agents in advanced hidradenocarcinoma are sug-
gested.

hidradenocarcinomas present with 2 different cell types: 
1 type is dark-coloured spindle cells with eosinophilic 
cytoplasm arranged around their periphery, the other is 
a large, atypical, hyperplastic, clear cell that has poly-
morphonuclear nuclei and stains high with the Periodic 
acid–Schiff stain (PAS) (2). Patients with early stage 
hidradenocarcinoma are usually treated with wide lo-
cal excision or Mohs micrographic surgery (3). There 
have been a few reports of a patient with metastatic 
hidradenocarcinoma who achieved a partial response 
and a decrease in the size of the cutaneous metastases 
after treatment with first-line 5-fluouracil therapy and 
doxorubim in combination with platine as second-line 
therapy (4). However, there are no consistent treatment 
guidelines for advanced patients. Therefore, there is an 
urgent requirement to make progress in the treatment of 
advanced hidradenocarcinoma.

Programmed death 1 (PD-1) and programmed death 
ligand-1 (PD-L1) is an important immune checkpoint 
pathway with an immunosuppressive effect associated 
with malignant tumour cells (5). Currently, PD-1 inhibi-
tors have been demonstrated to be effective for treating 
skin malignancies such as basal cell carcinoma (6) and 
melanoma (7). PD-1 inhibitors generally work well in 
patients with a high tumour mutation burden (TMB-
H), high levels of microsatellite instability (MSI-H)/
mismatch repair deficiency (dMMR), and high PD-L1 
expression (8, 9). Large-scale research on PD-L1 and T 
cells in the microenvironment of hidradenocarcinoma is 
limited, and reports on patients with hidradenocarcinoma 
treated with PD-1 inhibitors are rare. Hence, it is neces-
sary to explore the immunotherapy-related markers of 
patients with hidradenocarcinoma and the effectiveness 
of PD-1 inhibitor treatment in patients.

There are no standard treatment guidelines for hidra-
denocarcinoma, and the immune microenvironment 
and genomic data are very limited. Thus, in this stu-
dy the immune microenvironment and genomic indi-
cators in hidradenocarcinoma was investigated, and 
immunotherapy for hidradenocarcinoma was initially 
explored. Forty-seven hidradenocarcinoma patients 
were retrospectively collected. Immunohistochemical 
staining was performed to identify CD3/CD8+ T cells 
and programmed death ligand-1 expression. In total, 
89.4% and 10.6% of samples had Immunoscores of 
0–25% and 25–70%. Tumour proportion score distri-
bution was as follows: tumour proportion score < 1% 
in 72.4%, 1–5% in 17.0%, and > 5% in 10.6%. Combi-
ned positive score distribution was as follows: combi-
ned positive score < 1 in 63.8%, 1–5 in 14.9%, and > 5 
in 21.3%. Next-generation sequencing revealed that 
TP53 (33%), PI3KCA (22%), and ERBB3 (22%) were 
the most frequently mutated genes. The PI3K-Akt 
signalling pathway, growth, and MAPK signalling pat-
hways were significantly enriched. Five patients had 
a low TMB (< 10 muts/Mb), and 9 patients had MSS. 
Three patients treated with immune combined with 
chemotherapy achieved significant tumour regression, 
and the progression-free survival was 28.8 months. In 
conclusion, the hidradenocarcinoma immune micro-
environment tends to be noninflammatory. Evidence-
based targets for targeted therapy are lacking. Immu-
notherapy combined with chemotherapy may be better 
for most advanced hidradenocarcinoma patients with 
a noninflammatory microenvironment.

Key words: hidradenocarcinoma; NGS; PD-1 inhibitor; immuno
therapy; immune microenvironment.
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Hidradenocarcinoma is a rare malignant neoplasm 
originating from the dermis and accessory sweat 

gland tissue of the skin, accounting for approximately 
7.6% of skin adnexal tumours (1). Histopathologically, 
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Data on the genetic basis of hidradenocarcinomas at 
the molecular level are still very limited. Two reports 
have shown additional activating mutations in the form 
of 17q LOH and APC, and PIK3CA mutations in hidrade-
nocarcinomas. Much remains unknown about the genetic 
background of hidradenocarcinomas.

In this study, we retrospectively collected the clinical 
data of 47 hidradenocarcinoma patients with complete 
paraffin sections and evaluated the CD3+/CD8+ T cells 
and PD-L1 expression with immunohistochemical stain-
ing. In addition, we analysed the mutational spectrum 
of 9 patients by next-generation sequencing (NGS); we 
then discuss the prognosis of 3 patients who were treated 
with PD-1 inhibitors. Our study initially explored the 
efficacy and pattern of immunotherapy for advanced 
hidradenocarcinoma, based on tumour microenvironment 
and genetic background status.

MATERIALS AND METHODS

Patients

In this study, the medical record files of 47 patients diagnosed 
with hidradenocarcinoma from January 2012 to March 2022 were 
reviewed from Fujian Cancer Hospital. The clinical information 
included sex, age, clinical stage, gene results, detailed treatment 
history, and imaging evaluation. This study was approved by 
the ethics committee of the Fujian Medical University Cancer 
Hospital. A detailed treatment history of the 3 patients with hidra-
denocarcinoma treated with PD1 inhibitors in this study can be 
seen in Appendix S1.

Immunohistochemical assessment

All cases were carefully reviewed independently by 2 dermato-
pathologists to confirm the histological diagnosis following the 

criteria of the WHO Skin Tumour Classification (4th ed.). Immu-
nohistochemical staining to identify CD3/CD8+ T cells and PDL1 
(22C3) expression was performed on paraffin embedded tissues 
using a Dako Link 48 Autostainer. For each case, manual slide 
reading and review of the tumour invasive margin (IM) and tumour 
centre (TU) were performed independently by 2 pathologists with 
more than 10 years of experience. The IM is defined as a 1 mm 
area including tumour glands infiltrating healthy tissue. The TU is 
defined as the tumour mass and adjacent hidradenocarcinomas. The 
CD3+ T cells and CD8+ T cells were counted, and the percentage of 
CD3+ T cells or CD8+ T cells in total cells was calculated for each 
representative tumour region (IM and TU). The mean of 4 values 
(CD3+/IM, CD3+/TU, CD8+/IM, and CD8+/TU) was calculated 
to determine the Immunoscore (IS). The samples were grouped 
based on average percentage: 0–25%, > 25–70%, and > 70%. The 
samples were defined as having low (IS-low), medium (IS-int), or 
high (IS-high) Immunoscores (10) (Fig. 1).

PDL1 expression was measured in patients with hidradenocarci-
noma. The PDL1 expression score was determined by the tumour 
proportion score (TPS) and combined positive score (CPS). TPS 
was defined as the percentage of tumour cells with partial or com-
plete PD-L1 membrane staining (≥1+) in all live tumour cells (with 
negative or positive staining) present in the sample (11). CPS was 
calculated as the number of PD-L1-positive cells (tumour cells, 
lymphocytes, macrophages) divided by the total number of live 
tumour cells multiplied by 100 (12).

Statistical analysis

The R software “ComplexHeatmap” package and heatmap plots 
(R Foundation for Statistical Co,[uting, Vienna, Austria) were used 
to visualize somatic mutations and copy number variants (CNVs). 
Metascape (http://metascape.org) was used for enrichment ana-
lysis. Pathway and process enrichment analyses were carried out 
with the following ontology sources: GO biological process terms, 
KEGG pathways, Reactome gene sets, canonical pathways, and 
WikiPathways. Terms with a p-value < 0.01, a minimum count 
of 3, and an enrichment factor > 1.5 were collected and grouped 
into clusters based on their membership similarities. In addition, 

Fig. 1. Representative images of programmed death ligand-1 (PD-L1) staining in hidradenoma carcinoma tumour cells and immune cells. 
Hidradenoma carcinoma samples with CPSs of 0 (A, B), 1 (C, D red arrow refers to immune cells), and 10 (E, F red arrow refers to immune cells, black 
arrow indicates the tumour cell) are shown at 20× and 200× magnification. Representative images of haematoxylin and eosin (H&E) stain in the IS-int 
tumour invasive margin (IM) (G, 200×) and tumour centre (TU) (H, 200×). Representative images of CD3 IS-int in IM (I) and TU (J) region are shown 
at 200× magnification. Representative images of CD8 IS-int in IM (K) and TU (L) region are shown at 200× magnification. Representative images of 
haematoxylin and eosin (H&E) stain in the IS-low tumour invasive margin (IM) (M, 200×) and tumour centre (TU) (N, 200×). Representative images of 
CD3 IS-low in IM (O) and TU (P) region are shown at 200× magnification. Representative images of CD8 IS-low in IM (Q) and TU (R) region are shown 
at 200× magnification. 

http://medicaljournalssweden.se/actadv
https://doi.org/10.2340/actadv.v104.22146
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we performed protein–protein interaction (PPI) analysis and 
applied the Molecular Complex Detection (MCODE) algorithm 
to determine densely connected network components. Survival 
analysis was performed using Kaplan–Meier analyses with log 
rank test and categorical variables using a χ2 test. For stratification 
cut-point, the marker levels were classified as high/low using the 
top 50 percentile of the cohort in the study. Statistical significance 
was considered at p < 0.05 and analyses were performed using R 
software.

RESULTS

Baseline characteristics, immunoscore, and programmed 
death ligand-1 expression in hidradenocarcinoma

We analysed the clinical characteristics and of 47 patients 
with hidradenocarcinoma, summarized in Table I. The 
median age at diagnosis was 60.3 years (range 37 to 91 
years), and the median survival was 63.7months (range 
2 to 190.4 months). Of the 47 patients, 29 were male and 
18 were female. Tumour stages in stages I, II, III, and IV 
were 19.2%, 29.8%, 10.6%, and 40.4%, respectively (ac-
cording to the AJCC 8th ed.). The proportions of primary 
tumours in the head–face, trunk, limb, and genitalia were 
31.9%, 19.1%, 34.1%, and 14.9%, respectively. 

Immunohistochemical analysis was performed in 47 
patients (Table II). In total, 42 (89.4%) patients had 
IS-low, 5 (10.6%) patients had IS-int, and none had IS-
high, indicating a lower immune cell infiltration within 
the tumours. In addition, the PD-L1 TPS, 37 (72.3%) of 
tumours had no or very low PD-L1 expression (< 1%), 
only 8 (17.0%) of tumours had TPS = 1%–5%, and 5 
(10.6%) of tumours had TPS > 5%. For the PD-L1 CPS, 
63.8%, 14.9%, and 21.3% of patients in the entire cohort 
had CPS < 1, CPS = 1 to 5, and CPS > 5, respectively. The 
immunohistochemical results reported above suggest that 
hidradenocarcinoma is a comparative immune-desert 
phenotype tumour.

Gene mutation and signalling pathway enrichment 
results
As shown in Fig. 2, we evaluated 9 patients with hidra-
denocarcinoma. In the mutation analysis, 77 single 
nucleotide variants (SNVs) and 30 insertion/deletion 
mutations (indels) were identified. Among them, TP53 
(33%), PI3KCA (22%), and ERBB3 (22%) were the 
mutated genes with a high variation frequency in somatic 
mutation (Fig. 2A). The OncoKB framework was used 
to categorize molecular alterations based on levels of 
actionability. Compared with all actionable alteration in 
all solid tumours, no level 1–3 actionable alterations were 
found in the 9 patients, and only 1 patient had a single 
level-4 alteration (in NF1). In addition, 5 patients had a 
low TMB (< 10muts/Mb), and there were 4 patients with 
TMB-H. All 9 patients had MSS tumours. 

Analysis of CNVs identified 4 patients with detectable 
CNVs, and ERBB2 and SMARCB1 had a high frequency 
of variation (Fig. 2D). Functional enrichment analysis 
showed that the PI3K-Akt signalling pathway, growth 
pathways, and MAPK signalling pathway were signifi-
cantly enriched in hidradenocarcinoma (Fig. 2B). The 
relevant PPIs among the mutated genes were extracted 
from a PPI data source, and a PPI network was genera-
ted. The MCODE algorithm was then applied to analyse 
this network. MCODE-based enrichment analysis was 
applied, and anti-EGFR resistance and the RAF/MAP 
kinase cascade were found to be significantly enriched 
(Fig. 2C), suggesting that patients with hidradenocarci-
noma may be resistant to anti-EGFR therapy and may 
have sustained cell proliferation derived from different 
mechanisms.

Correlation of biomarker expression between survival 
and clinical features

As shown in Appendix S1 and Fig. S2, we conducted 
survival analysis stratified by the expression of CD3, 
CD8, and PD-L1. The median OS of the 47 patients was 
94.2 months (95% CI: 51.7–136.7). There are distinctions 
in median OS between patients with different levels of 
CD3 and CD8 expression – high expression showed 

Table I. Baseline characteristics of the patients

Characteristic N (%)

Total, n 47
Age,years,median (range) 60.3 (37–91)
OS,months,median (range) 63.7 (2–190.4)
Sex
 Male 29 (61.7)
 Female 18 (38.3)
TNM stage
 I 9 (19.2)
 II 14 (29.8)
 III 5 (10.6)
 IV 19 (40.4)
Primary site
 Head and neck 15 (31.9)
 Trunk 9 (19.1)
 Limbs 16 (34.1)
 Genitalia 7 (14.9)
Treatment
 Surgery 43 (91.5)
 Radiotherapy 15 (31.9)
 Chemotherapy 18 (38.3)
 Immunotherapy 3 (6.4)

OS: overall survival.

Table II. Immunoscore (IS) and programmed death ligand-1 
(PD-L1) expression of hidradenocarcinoma samples

Immunohistochemical characteristics N (%)

IS category (based on CD3+/CD8+ cells in the tumour and invasive margin)
IS-low (0–25%) 42 (89.4)
IS-int (> 25–70%) 5 (10.6)
IS-high (> 70%) 0
PD-L1 tumour proportion score (TPS)
< 1% 34 (72.4)
1%–5% 8 (17.0)
> 5% 5 (10.6)
PD-L1 combined positive score (CPS)
< 1 30 (63.8)
1–5 7 (14.9)
> 5 10 (21.3)

TPS: tumour proportion score; CPS: combined positive score.

http://medicaljournalssweden.se/actadv
https://doi.org/10.2340/actadv.v104.22146
https://doi.org/10.2340/actadv.v104.22146
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better OS – but they are not significantly associated 
with survival. However, for patients with high PD-L1 
expression, their median OS are significantly shorter 
than patients with low expression (low vs high:122.5 vs 
36.9 months, p = 0.0021). As the χ2 test indicated, CD3, 
CD8, and PD-L1 were not significantly correlated with 
clinical features in our study (Appendix S1 and Table 
SI), while the status of CD3 was positively correlated 
with CD8 (p < 0.001).

Efficacy of PD1 inhibitors in patients with hidradeno­
carcinoma

In this study, we undertook an advanced evaluation of 
3 advanced hidradenocarcinoma patients. They were 
treated with immunotherapy combined with chemoth-
erapy in the intensive phase and immunotherapy in the 
maintenance phase. Detailed treatment history of the 3 
patients are presented in Appendix S1 and Fig. S1. The 
clinical characteristics of the patients are as listed in 

Fig. 2. Genomic features of hidradenocarcinoma. Somatic mutations in patients with hidradenocarcinoma. (A) The mutation count is shown 
above the heatmap, and different colours indicate different variation types. (B) All mutant genes were used for enrichment analysis, and the results are 
coloured by p-value. (C) 2 PPI MCODE components were identified with Metascape. (D) CNVs in patients with sweat gland carcinoma.

Table III. Characteristics of patients with hidradenocarcinoma treated with anti-PD-1 immunotherapy

Sources
Sex, age 
(years

Tumour size 
(cm) Location

Metastatic 
locations at 
diagnosis

Local 
treatment

DFS
(months)

Metastatic 
locations 
at tumour 
progression

Treatment for 
advanced tumours

PFS
(months)

MSI
TMB
(muts/
Mb)

PD-L1
expression

Patient 1 F, 70 4.0*2.5*2.5 Right 
armpit

Lymph 
nodes (right 
subclavian 
and right 
armpit)

Palliative 
resection

– TP+nivolumab 
+radiation, CR; 
axillary lymph nodes 
showed recurrence 
27.9 months 
later; nivolumab + 
radiation, CR

28.8 MSS 5 TPS < 1%
CPS = 1

Patient 2 M, 52 5.0*7.0 Right 
armpit

Right 
armpit, right 
supraclavicle, 
and right 
lower neck 
lymph nodes

No 
resection

– TF+toripalimab, PR 16.4 MSS 17.28 TPS = 2%
CPS = 5

Patient 3 M 65 5.0*4.0*3.5 Right  
upper 
limb

– Local 
resection

2 Metastases in 
bones, skin, 
lungs, and 
lymph nodes 
(peri-splenic, 
mediastinal, 
and hilar)

AI, PD; TP+ 
toripalimab, PR

> 12.3 MSS 32.64 TPS = 0
CPS = 0

DFS: disease-free survival; PFS: progression-free survival; OS: overall survival; MSI: microsatellite instability; MSS: microsatellite stability; TMB: tumour mutation burden; 
CR: complete response; PR: partial response; PD: progressive disease; TP: paclitaxel/paclitaxel-albumin + cisplatin; TF: paclitaxel-albumin + 5-FU; AI: doxorubicin + 
ifosfamide; DP: docetaxel + cisplatin.

http://medicaljournalssweden.se/actadv
https://doi.org/10.2340/actadv.v104.22146
https://doi.org/10.2340/actadv.v104.22146
https://doi.org/10.2340/actadv.v104.22146
https://doi.org/10.2340/actadv.v104.22146
https://doi.org/10.2340/actadv.v104.22146
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Table III. They had low PD-L1 expression by histologi-
cal examination. Their TPSs were < 1%, 2%, and 0, and 
their CPSs were 1, 5, and 0 (see Fig. 1). All 3 patients 
had an IS below 25%, indicating their low expression 
of PD-L1. Among them, 2 patients had TMB-H, with 
their TMB numbers being 17.28 and 32.64 (muts/Mb). 
They achieved PR while PFS reached 16.4 months and 
12.3 months. One patient had a TMB-L of 5 (muts/Mb) 
and achieved CR, with a PFS that reached 28.8 months. 
The findings indicate that individuals diagnosed with 
hidradenocarcinoma, even those exhibiting low PD-L1 
expression and TMB-L, can also benefit from anti-PD-1 
immunotherapy in combination with chemotherapy. 

DISCUSSION

Hidradenocarcinoma is a rare tumour with a poor prog-
nosis when distant metastasis occurs. Standard treatments 
are lacking due to its rarity and the level of CD3+/CD8+ T 
cells and expression of PD-L1 has never been reported in 
hidradenocarcinoma. The CD3+/CD8+ T-cell density and 
PD-L1 expression have been established as biomarkers of 
prognosis and efficacy of PD-1 inhibitors in many studies 
(13–15). As our results indicate only a few patients had 
high CD3+/CD8+ T-cell infiltration and high expression of 
PD-L1, the majority of patients show a non-inflammatory 
tumour microenvironment. Furthermore, we found a ne-
gative survival effect of PD-L1in hidradenocarcinoma. 
High expression of PD-L1 may induce immune evasion 
in this tumour, as it can inhibit the activation of T cells 
and prevent tumour cells from being attacked by immune 
cells, thereby achieving tumour immune escape (16).

TMB and dMMR/MSI are sensitive biomarkers that 
illustrate the response to anti-PD-1 immunotherapy (17). 
KEYNOTE-158 research indicated that patients who 
have a TMB-H (> 10 mut/mb) have a comparatively good 
objective response rate (ORR) 29% when treated with 
pembrolizumab. Patients with MSI who received PD-1 
therapy had an ORR of about 48% (9). A higher TMB 
results in a higher level of ORR to PD-1 inhibitors seen 
with a variety of tumour types, including non-small cell 
lung cancer (NSCLC) and melanoma (18). As Obermann 
et al. (19) reported, a metastatic cutaneous hidradeno-
carcinoma patient also had an exceptional response to 
anti-PD-1 treatment and achieved CR. The patient had 
TMB-H, MSI, and a high PD-L1 status. However, in our 
study 5/9 hidradenocarcinoma patients showed TMB-L 
(< 10 muts/Mb) and none of the patient showed MSI-H. 
Even with the low expression of PD-L1, it still provides 
potential possibilities for effective immunotherapy. At 
present, there are a few cases showing effective im-
munotherapy for advanced hidradenocarcinoma. Zhang 
et al. (20) reported a patient with hidradenocarcinoma 
who was treated with a PD-1 inhibitor combined with 
chemotherapy, and achieved a PR and PFS at more than 
13 months despite negative PD-L1 expression and low 

TMB. The use of immunotherapy as a maintenance 
therapy after chemoradiotherapy is a good use of the 
combined immunotherapy modality. The PACIFIC trial 
(21) demonstrated a better OS and PFS in NSCLC pa-
tients treated with durvalumab after chemoradiotherapy 
compared with placebo. In our centre, we evaluated 3 
cases of paclitaxel-based combination therapy with PD-1 
inhibitors as maintenance therapy after chemotherapy, all 
of which achieved good PFS results. Overall, our study 
examined PDL1 expression and CD3+/CD8+ expression 
in hidradenocarcinoma patients. PD-1 inhibitors may be 
further explored as a new treatment option for patients 
with advanced hidradenocarcinoma. For example, for pa-
tients with TMB-H or MSI, single-agent immunotherapy 
may be an option, and for patients who are negative for 
all markers, a new generation of chemotherapy drugs 
combined with immunotherapy as maintenance therapy 
may be a good option.

Our results show that TP53 (33%) is the gene most 
likely to carry somatic mutations in hidradenocarcino-
mas. This is lower than the previously reported TP53 
mutations in porocarcinomas, with mutation rates of up 
to 80% (22) and 60% (23). Apart from TP53 mutations, 
we identified the PI3KCA (22%) mutations as well as 
ERBB3 (22%) mutations in hidradenocarcinoma. Dias-
Santagata et al. (24) also found that 40% of hidradeno-
carcinoma had PI3KCA-activating mutations. However, 
when mutations were classified according to operability 
level using the OncoKB framework, no treatable altera-
tions were found in any of the 9 patients (grades 1–3), 
and only 1 patient had a single grade 4 alteration (NF1). 
Clinical studies of NF1 in solid tumours are currently 
underway (https://clinicaltrials.gov/). At the same time, 
we found the pathway of anti-EGFR resistance through 
functional enrichment analysis. Additionally, the study 
also identified a high frequency of ERBB2 variants 
through CNV analysis, which provides evidence for 
possible future anti-HER-2 treatment of hidradenocar-
cinoma patients.

Our study has certain limitations. Due to the rarity of 
hidradenocarcinoma, the sample size of patients recei-
ving anti-PD-1 immunotherapy in this study was small. 
Nevertheless, our preliminary study of the prognosis of 
patients treated with PD1 inhibitors reveals for the first 
time the immune microenvironment of patients with 
hidradenocarcinoma, expanding the understanding of 
the genetic background of patients.

In conclusion, we found that the microenvironment 
of most hidradenocarcinoma patients was a comparative 
immune-desert type, and in a few samples sequenced, 
part of the population belonged to TMB-H. There are no 
identified targeted therapies available in patients with 
hidradenocarcinoma. In exploring clinical treatment, a 
PD-1 inhibitor combined with chemotherapy and PD1 
as maintenance therapy has a good initial therapeutic 
effect for advanced patients with low PD-L1 expression 

http://medicaljournalssweden.se/actadv
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and TMB-L, which provides a new idea and strategy 
for the application of an immune stimulant in advanced 
patients. Future studies with larger sample sizes are 
needed to explore the use of immunotherapy in patients 
with hidradenocarcinoma.
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