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A B S T R A C T

Introduction: For rare skin cancers, few data exist on the outcome of systemic therapies, particularly immune 
checkpoint inhibition (ICI). The present study analysed the real-world use of different systemic therapies 
including ICI, and its outcome in patients with advanced rare skin cancers.
Methods: This retrospective multicenter study included patients who received systemic therapy for advanced, 
non-resectable cutaneous angiosarcoma (AS), Kaposi sarcoma (KS), pleomorphic dermal sarcoma (PDS), or 
cutaneous adnexal carcinoma (CAC). Study endpoints were best overall response (BOR), progression-free sur
vival (PFS) and overall survival (OS).
Results: 209 patients (77 AS; 81 KS; 14 PDS; and 37 CAC) from 30 centers were included. As first-line treatment 
AS and KS patients predominantly received chemotherapy (77.9 %; 63.0 %), while PDS and CAC patients mostly 
received ICI (64.4 %; 43.2 %). BOR in first-line across all therapy types was 65.5 % in KS, 50.0 % in PDS, 41.6 % 
in AS, and 10.8 % in CAC. BOR for ICI was 66.6 % for PDS, 58.3 % for AS, 33.3 % for KS, and 4.3 % for CAC, 
irrespective of treatment line. 1-year PFS rate upon any first-line therapy was 70.7 % for PDS, 45.7 % for KS, 
25.6 % for AS, and 18.5 % for CAC (p < 0.001). 1-year tumor-specific OS rate was 97.3 % in KS, 84.2 % in AS, 
67.7 % in PDS, and 65.4 % in CAC (p < 0.001).
Conclusions: Type and outcome of systemic therapy differed between cancer entities. Efficacy of ICI was high in 
PDS and AS, moderate in KS, and low in CAC. Patients with advanced CAC revealed an extremely poor prognosis 
regardless of the type of therapy used.

1. Introduction

The most common types of skin cancer such as melanoma and 
squamous cell carcinoma are known for their strong immunogenicity, 
leading to the high treatment efficacy of immune checkpoint inhibitors 
(ICI) reported in clinical trials. For rare skin cancer entities, only few 
data exist on the frequency of use of systemic therapies, especially ICI, 
and its treatment outcome.

These rare skin cancers comprise the heterogenous groups of cuta
neous sarcomas and cutaneous adnexal carcinomas. Cutaneous sar
comas are tumors of mesenchymal origin including angiosarcoma (AS), 
Kaposi sarcoma (KS), and pleomorphic dermal sarcoma (PDS) [1]. 
Cutaneous adnexal carcinomas (CAC) contain per se a large and diverse 
number of tumor entities, deriving from sebaceous, apocrine or eccrine 
glands or hair follicle structures [2]. Although these tumors all originate 
in the skin, they exhibit distinct etiologies, cellular origins, and carci
nogenic drivers, including chronic UV radiation, viral infections, or 
unknown factors. There is no exact data on incidences, but compared to 
other non-melanoma skin cancers (NMSC) these tumors are rare to 
extremely rare. Due to their intermediate to often even high malignancy, 
depending on the cancer entity, a significant proportion of patients 
develop non-resectable disease such as locally advanced primary tu
mors, as well as regional or distant metastases. Besides locoregional 
methods such as radiotherapy or cryosurgery, these patients are in the 
need of systemic treatment. Due to the rarity of the respective cancer 
entities, data from prospective clinical trials are rare or absent.

The present study aimed at investigating the frequency of use of 
different types of systemic therapy, with a special focus on ICI 

immunotherapy, and its outcome in patients with advanced rare skin 
cancers. We focused on the most common of these rare skin cancer en
tities, and used a German-wide retrospective multicenter approach 
collecting real-world data from specialized, board-certified skin cancer 
centers.

2. Patients and methods

2.1. Patient registry

Patients with rare skin cancers presenting at board-certified skin 
cancer centers of the German Dermatologic Cooperative Oncology 
Group (DeCOG) were retrospectively identified via the respective digital 
clinic information systems according to the following inclusion criteria: 
histologically confirmed angiosarcoma (AS), Kaposi sarcoma (KS), 
pleomorphic dermal sarcoma (PDS), or cutaneous adnexal carcinoma 
(CAC), and systemic treatment for non-resectable locally advanced or 
metastatic disease between April 1, 2001 and September 30th, 2023. 
Systemic therapies were grouped and analyzed as immune checkpoint 
inhibitors, ICI (nivolumab, pembrolizumab, ipilimumab, as single 
agents or combination), chemotherapy (paclitaxel, doxorubicin, 
cisplatin, carboplatin, as single agents or combinations), targeted ther
apy (cetuximab, trametinib, pazopanib, alpelisib), interferon(IFN)- 
alpha, and others. Data were extracted from local patient files and 
captured within a central electronic data registry. The study was 
approved by the ethics committee of the University Duisburg-Essen 
(22–10810-BO). Study endpoints were best overall response (BOR), 
progression-free survival (PFS) and overall survival (OS).
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Patient, tumor, and treatment characteristics were recorded. Con
cerning treatment characteristics, disease stage, ECOG overall perfor
mance status, and serum LDH level at treatment start were recorded. The 
type of therapy, drugs used, and treatment response was documented for 
the respective lines of therapy. Treatment response was determined as 
BOR recorded from treatment start until disease progression or start of 
the next treatment line, and was evaluated according to clinical evalu
ation in the interdisciplinary skin cancer board at each respective center 
according to RECIST [14]. During therapy, patients underwent regular 
staging procedures consisting of imaging techniques such as CT, MRI or 
PET-CT at least every three months. If there was suspicion of disease 
progression, staging was anticipated. PFS and OS were defined as time 
from therapy start until disease progression or death, respectively; if no 
such event occurred, the date of the last patient contact was used as 
endpoint of survival assessment (censored observation).

2.2. Statistical analysis

To test comparability between disease groups, clinical and de
mographic patient characteristics were evaluated. Numerical variables 
were described by median and inter-quartile range (IQR); patient co
horts were compared using Wilcoxon rank-sum test or two-sided chi- 
square tests, as appropriate. Survival probabilities with 95 % confidence 
intervals (CI) were calculated using Kaplan-Meier analysis. The two- 
sided log rank test was used for comparison of survival between 
groups. P-values < 0.05 were considered statistically significant. 

Statistical analyses were performed with the statistical software 
SPSSv21 (SPSS Inc., Chicago, IL, USA) and STATA/ICv15.1 (StataCorp 
LLC, College Station, TX, USA). Data analyses were conducted from 
December 15, 2023 to March1st, 2024.

3. Results

3.1. Patient characteristics

A total of 209 patients who had received systemic therapy for 
advanced rare skin cancer were identified at 30 skin cancer centers ac
cording to the above described criteria. Of those, 81 patients had KS, 77 
had AS, 37 had CAC, and 14 had PDS (Table 1, Fig. 1A). The CAC cohort 
included patients with the following tumors: Porocarcinoma (n = 13), 
apocrine adenocarcinoma (n = 4), eccrine sweat gland carcinoma 
(n = 4), apocrine sweat gland carcinoma (n = 3), hidradenocarcinoma 
(n = 3), sebaceous carcinoma (n = 2), malign cylindroma (n = 2), 
adenoid cystic carcinoma (n = 1), cutaneous apocrine carcinoma 
(n = 1), malign nodular hidradenoma (n = 1), syringocystic carcinoma 
(n = 1), and CAC not otherwise specified (n = 2). Within the skin cancer 
entities, significant differences in gender, age, concomitant immuno
suppression, and primary tumor localization were observed as expected 
(all p < 0.001; Table 1). AS and PDS were predominantly localized on 
the head and neck (72.5 % and 78.5 %, respectively), KS on the lower 
extremities (71.6 %), and CAC on the trunk (43.2 %). Additionally, 
significant differences between entities were found for stage at primary 

Table 1 
Patient characteristics (total cohort, n = 209).

AS KS PDS CAC P value

N ¼ 77 (%) N ¼ 81 (%) N ¼ 14 (%) N ¼ 37 (%)

Sex < 0.001
male 48 (62.6) 75 (92.6) 13 (92.9) 21 (56.8) ​
female 29 (37.7) 6 (7.4) 1 (7.1) 16 (43.2) ​
Age ​
Median yrs (IQR) 77 (69;84) 62 (51;75) 78 (63;79) 64 (56;75) ​
Immunosuppression < 0.001
no 64 (83.1) 51 (63.0) 8 (57.1) 35 (94.6) ​
yes 13 (16.9) 30 (37.0) 6 (42.9) 2 (5.4) ​
Hematologic disease 2 (2.6) 4 (4.9) 3 (21.4) 2 (5.4) ​
Iatrogenic/OTR 1 (1.3) 5 (6.3) 2 (14.2) 0 ​
Other cancer 10 (13.0) 0 1 (7.1) 0 ​
HIV 0 21 (25.9) 0 0 ​
Localisation of primary tumor < 0.001
Face 25 (32.5) 3 (3.7) 3 (21.4) 7 (18.9) ​
Scalp/Neck 31 (40.3) 1 (1.2) 8 (57.1) 7 (18.9) ​
Trunk 11 (14.3) 2 (2.5) 1 (7.1) 16 (43.2) ​
Lower extremity 9 (11.7) 58 (71.6) 2 (14.3) 6 (16.2) ​
Upper extremity 1 (1.3) 5 (6.2) 0 0 ​
Genital/anal 0 4 (4.9) 0 1 (2.7) ​
Others/multiple 0 8 (9.9) 0 0 ​
Stage at primary diagnosis 0.009
Primary tumor 62 (80.5) 64 (79.0) 13 (92.9) 23 (62.2) ​
Local recurrence 2 (2.6) 0 0 0 ​
In-transit metastases 0 8 (9.9) 0 5 (13.5) ​
Lymph node metastases 6 (7.8) 4 (4.9) 0 8 (21.6) ​
Distant metastases 6 (7.8) 5 (6.2) 1 (7.1) 1 (2.7) ​
PD-L1 expression (tumor) < 0.001
Unknown/ not done 61 (73.2) 77 (95.1) 9 (64.3) 27 (73.0) ​
positive 13 (18.2) 0 5 (35.7) 5 (13.5) ​
negative 2 (2.6) 4 (4.1) 0 5 (13.5) ​
Pre-treatment (non-systemic) 0.028
None 44 (57.1) 50 (61.7) 4 (28.6) 11 (29.7) ​
Surgery R0/R1 8 (10.4) 6 (7.4) 1 (7.1) 4 (10.8) ​
Surgery + Radiotherapy 4 (5.2) 3 (3.7) 2 (14.2) 5 (13.5) ​
Radiotherapy 20 (26.0) 15 (18.5) 6 (42.9) 17 (45.9) ​
Electrochemotherapy 1 (1.3) 2 (2.5) 0 0 ​
Cryotherapy 0 3 (3.7) 0 0 ​
Others 0 2 (2.4) 0 0 ​

Percentages are given per column. AS, angiosarcoma; KS, Kaposi sarcoma; PDS, pleomorphic dermal sarcoma; CAC, cutaneous adnexal carcinoma. IQR, inter-quartile 
range; OTR, organ transplant recipient.
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diagnosis (p = 0.009), prior non-systemic treatment (p = 0.028), and 
PD-L1 expression (p < 0.001). Most of AS (57.1 %) and KS (61.7 %) were 
not pre-treated, whereas 64.2 % of the PDS patients previously had 
received surgery, radiotherapy or both. In CAC, 45.9 % of patients were 
pre-treated with radiotherapy, 10.8 % with surgery, and 13.5 % with a 
combination of both (Table 1).

3.2. Systemic treatment

At baseline of systemic therapy, the skin cancer entities showed 
differences in terms of tumor spread and stage of disease (p < 0.001; 
Table 2). 79.3 % of AS patients and 75.3 % of KS patients were treated 
for their primary tumor or locally advanced disease, while this was the 
case in only 28.6 % of PDS and 16.2 % of CAC patients, respectively 
(p < 0.001; Table 2). Regarding metastatic sites, only 9.1 % of AS pa
tients and 16.0 % of KS patients had visceral metastasis at therapy start, 
whereas these were present in 64.3 % of PDS and 48.6 % of CAC patients 
(p < 0.001; Table 2). Further differences between skin cancer entities 
were found regarding serum LDH activity (p < 0.001), and ECOG status 
(p = 0.028). ECOG of 2 or more was found in 21.4 % of PDS and 18.2 % 
of AS patients, but only in 10.8 % of CAC and in 8.6 % of KS patients. 
Regarding the type of first-line treatment, 77.9 % of AS and 63.0 % of KS 
patients received chemotherapy. In AS, 65 % were treated with pacli
taxel and 28.3 % with doxorubicin. KS patients received doxorubicin in 
94 %. In contrast, PDS patients were predominantly treated with ICI as 
first-line therapy (64.4 %, all patients received PD-1 inhibitor mono
therapy), followed by chemotherapy with doxorubicine in 21.4 %. CAC 
patients received most frequently ICI as first-line therapy (43.2 %; all 
anti-PD-1 monotherapy), followed by chemotherapy in 29.7 % and 
targeted therapy in 21.6 % (p < 0.001; Table 2). Details on second-line 
therapy are presented in Suppl Table 1.

3.3. Treatment response

Response rates (BOR) to first- and second-line therapy are shown in 
Table 2, BOR to the respective treatment types are listed in Table 3. In 
first-line, an objective response (CR+PR, ORR) was achieved in 41.6 % 
of AS patients; for chemotherapy the ORR was 36.7 %, and for ICI 

therapy it was 66.7 %. In KS, 65.5 % ORR was observed, 74.3 % in pa
tients treated with chemotherapy, and 29.6 % under IFNalpha. Only one 
KS patient was treated with ICI showing a stable disease, see Table 3. In 
PDS an ORR of 50 % was reported. 3 patients were treated with 
chemotherapy, for these the ORR was 33.3 %, the disease control rate 
(DCR, CR+PR+SD) was 100 %. Of 9 patients treated with ICI, 66.6 % 
showed CR or PR, the DCR was 77.7 %, Table 3. CAC patients showed 
the lowest ORR (10.8 %) to first-line systemic therapy, the DCR in this 
skin cancer entity was 26.2 %, Table 2. 54.1 % (n = 20) of the CAC 
patients had a primary progression (BOR=PD) under systemic treat
ment. Of 11 CAC patients treated with chemotherapy, 62.5 % showed a 
primary progression, 12.5 % a partial response and 25.0 % a stable 
disease. No complete response was observed, Table 3.

A progression upon or after first-line systemic treatment was recor
ded in 70.3 % of CAC, 51.9 % of AS, 42 % of KS, and 7.1 % of PDS pa
tients. After disease progression, 77 patients of the total cohort 
underwent further treatment lines (Table 2). Of those, 23 were AS pa
tients of whom 11 received another type of chemotherapy, 4 received 
ICI, and 5 received a combination of chemotherapy and targeted ther
apy. 34 KS patients were treated in second-line, 20 with chemotherapy, 
10 with IFNalpha, and 3 with ICI. For PDS, no patient was treated in 
second-line. 19 CAC patients received subsequent treatment, whereof 7 
received chemotherapy, 3 ICI, 2 IFNalpha, and 6 were treated with 
targeted therapy.

Analyzing specifically the subgroup of patients treated with ICI 
immunotherapy regardless of treatment line, PDS and AS showed high 
OR rates of 66.6 % (6/9 patients) and 58.3 % (7/12 patients), respec
tively (Fig. 1B). KS patients showed a moderate ORR of 33.3 % (3/9 
patients), and CAC patients revealed a very low ORR of only 4.3 % (1/23 
patients), Table 4, Fig. 1B. Agents used for ICI immunotherapy are 
presented in Suppl Table 2.

3.4. Survival outcomes

The median follow-up time of the total patient cohort (n = 209) 
accounted for 18 months (IQR:5;44). It was longest for KS (38 months, 
95 %-CI=17.5;73), followed by AS (11 month, 95 %-CI=2.5;25) and 
PDS (10 months, 95 %-CI=2.0;20). CAC patients had the shortest follow- 

Fig. 1. Schematic presentation of (A) the patient numbers in the total cohort (n = 209), and (B) the percentage of best overall response to immune checkpoint 
inhibition therapy of all lines by cancer entity (n = 53). AS, angiosarcoma; KS, Kaposi sarcoma; PDS, pleomorphic dermal sarcoma; CAC, cutaneous 
adnexal carcinoma.
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up with a median of 6 months (95 %-CI: 2.0;18.5). For the total patient 
cohort the median PFS after start of first-line systemic therapy was 6 
months (95 %-CI=3.7;8.29); its 1-year PFS rate was 29.8 % (95 %- 
CI=20.9;38.6). Differentiating between the four skin cancer entities, the 
median PFS was not reached for PDS, 66 months (95 %-CI=30.9;101.1) 
for KS, 15 months (95 %-CI=7.3;22.6) for AS, and only 3 months (95 %- 
CI=1.6;4.3) for CAC (Table 5; Fig. 2A). Similarly, the 1-year PFS rate 
was 70.7 % for PDS, 45.7 % for KS, 25.6 % for AS, and only 18.5 % for 
CAC (p < 0.001).

A total of 64 patients (30.6 %) had died during follow-up; 19 patients 
(51.4 %) in the CAC group, 29 (37.7 %) in the AS group, 5 (35.7 %) in 
the PDS group, and 11 (13.6 %) in the KS group (p < 0.001; Table 2). 
Cause of death was the respective skin cancer disease in the majority of 
cases (36/64, 56.3 %). 4.6 % (3/64) died from other cancers, and 
37.5 % (24/64) died from other causes, with significant differences 
between the skin cancer entities (p = 0.028; Table 2). In CAC patients 
the skin cancer-related death rate was highest with 46 % (17/37), fol
lowed by PDS with 21.5 % (3/14), and AS with 16.8 % (13/77). KS 
showed the lowest skin cancer-related deaths (3.7 %, 3/81).

Regarding tumor-specific survival (TSS), the median TSS was not 
reached for AS, KS, and PDS, and accounted for 23 months (95 %- 
CI=11.8;34.1) in the CAC group. The 1-year TSS rate was highest in KS 
(97.3 %), followed by AS (84.2 %), PDS (67.7 %), and CAC (65.4 %); 
p < 0.001 (Table 5 and Fig. 2b).

The median OS of the total patient cohort was not reached. This was 
also true for the subgroups AS, KS, and PDS. The median OS for CAC was 
13 months (95 %-CI=2.4;23). The 1-year OS rate of the total patients 
was 85.8 % (95 %-CI=80.5;91.1). Specified for the respective entities, 
the 1-year OS rates were 97.3 % (KS), 71.8 % (AS), 60.9 % (CAC), and 
54.0 % (PDS) (Table 5; Fig. 2c).

4. Discussion

Patients with non-resectable advanced rare skin cancer have a high 
medical need of an efficient systemic therapy, but currently, treatment 
options are limited. The optimal therapy approach probably differs be
tween cancer entities due to their strong heterogeneity. Conventional 
therapies include chemotherapy and anti-angiogenic targeted agents, 
but rarely result in durable responses. This multicenter retrospective 
study analysed treatment outcomes to different types of systemic ther
apy, with a focus on ICI immunotherapy, in the advanced rare skin 
cancer entities AS, KS, PDS and CAC. The use of ICI differed between 
cancer entities and showed high response rates in PDS and AS (66.6 % 
and 58.3 %), moderate in KS (33.3 %), and low in CAC (4.3 %).

Cutaneous angiosarcomas (AS) have been reported to have a poor 
prognosis with a 5-year OS of 33 % [3]. AS can be classified into primary 
(spontaneous) and secondary forms. Primary AS has been associated 
with BRCA1 and BRCA2 mutations, exposure to certain chemicals, or to 

Table 2 
Systemic first-line therapy (total cohort, n = 209).

AS KS PDS CAC P value

N ¼ 77 
(%)

N ¼ 81 
(%)

N ¼ 14 
(%)

N ¼ 37 
(%)

Overall performance status (ECOG) at start of first-line therapy 0.029
0 34 

(44.2)
53 
(65.5)

7 (50.0) 20 
(54.1)

1 19 
(24.7)

10 
(12.3)

3 (21.4) 7 (18.9)

2 13 
(16.9)

6 (7.4) 1 (7.1) 4 (10.8)

3 1 (1.3) 1 (1.2) 2 (14.3) 0
Tumor stage at start of first-line therapy < 0.001
Primary tumor 40 

(52.0)
52 
(64.2)

2 (14.3) 3 (8.1)

Locally advanced 21 
(27.3)

9 (11.1) 2 (14.3) 3 (8.1)

In-transit 
metastases

0 2 (2.5) 0 1 (2.7)

Lymph node 
metastases

9 (11.7) 5 (6.2) 1 (7.1) 12 
(32.4)

Distant metastases 7 (9.1) 13 
(16.0)

9 (64.3) 18 
(48.6)

Type of treatment < 0.001
Chemotherapy 60 

(77.9)
51 
(63.0)

3 (21.4) 11 
(29.7)

Targeted therapy 2 (2.6) 1 (1.2) 2 (14.3) 8 (21.6)
ICI immunotherapy 6 (7.8) 1 (1.2) 9 (64.4) 16 

(43.2)
Interferon-alpha 1 (1.3) 27 

(33.3)
0 0

Others 2 (2.6) 1 (1.2) 0 2 (5.4)
Chemotherapy plus 

targeted therapy
6 (7.8) 0 0 0

Best overall response < 0.001
CR 14 

(18.2)
16 
(19.8)

2 (14.3) 1 (2.7)

PR 18 
(23.4)

37 
(45.7)

5 (35.7) 3 (8.1)

SD 15 
(19.5)

14 
(17.3)

3 (21.4) 6 (16.2)

PD 17 
(22.1)

9 (11.1) 1 (7.1) 20 
(54.1)

Mixed response 1 (1.3) 0 0 0
unknown 12 

(15.6)
5 (6.1) 3 (21.4) 7 (18.9)

ORR 32 
(41.6)

53 
(65.5)

7 (50.0) 4 (10.8)

DCR 47 
(61.1)

67 
(82.8)

10 
(71.4)

10 
(26.2)

Reason for end of treatment < 0.001
Progression 21 

(27.3)
12 
(14.8)

0 22 
(59.5)

Toxicity 13 
(16.9)

10 
(12.3)

3 (21.4) 2 (5.4)

Patient’s wish 5 (6.5) 11 
(13.6)

1 (7.1) 2 (5.4)

Regular end of 
treatment (CR/ 
PR)

16 
(20.8)

29 
(35.8)

2 (14.3) 1 (2.7)

Death 6 (7.8) 0 1 (7.1) 1 (2.7)
others 2 (2.6) 3 (3.7) 2 (14.3) 1 (2.7)
unknown 0 0 4 (28.6) 4 (10.8)
Progression under/after treatment < 0.001
yes 40 

(51.9)
34 
(42.0)

1 (7.1) 26 
(70.3)

no 22 
(28.6)

42 
(51.9)

7 (50.0) 4 (10.8)

unknown 15 
(19.5)

5 (6.2) 6 (42.8) 7 (18.9)

Death ​ ​ ​ ​ < 0.001
yes 29 

(37.7)
11 
(13.6)

5 (35.7) 19 
(51.4)

no 30 
(39.0)

66 
(81.5)

9 (64.3) 9 (24.3)

Table 2 (continued )

AS KS PDS CAC P value

N ¼ 77 
(%) 

N ¼ 81 
(%) 

N ¼ 14 
(%) 

N ¼ 37 
(%) 

unknown 18 
(23.4)

4 (4.9) 0 9 (24.3)

Cause of death ​ ​ ​ ​ 0.028
Skin cancer 13 

(44.8)
3 (30.0) 3 (60.0) 17 

(89.5)
Other cancer 1 (3.4) 0 1 (20.0) 1 (5.3)
Other causes 12 

(41.4)
6 (60.0) 1 (20.0) 1 (5.3)

unknown 3 (10.3) 1 (10.0) 0 0

Patient and tumor characteristics at start of systemic first-line therapy, and 
therapy outcome parameters. ORR, objective response rate; DCR, disease control 
rate; AS, angiosarcoma; KS, Kaposi sarcoma; PDS, pleomorphic dermal sarcoma; 
CAC, cutaneous adnexal carcinoma.
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chronic UV-radiation. Notably primary AS, particularly in the head and 
neck region, exhibits a high tumor mutation burden (TMB). Secondary 
AS often follows radiation therapy or develops in areas of chronic 
lymphedema. Advanced AS are often responsive to chemotherapy, with 
response rates to taxanes ranging from 18 % to 89 % [4]. However, 
these responses are not durable, and the median PFS ranges from 4.0 to 
9.5 months only [5]. The 5-year survival for patients with AS was shown 
to be only 30 %–40 %[4]. As a subset of AS are characterized by high 
TMB, ICI immunotherapy appears meaningful [5–7]. Some case series 
reported encouraging initial clinical responses to ICI. A multicenter 
phase II study (SWOGS169-cohort51) of ipilimumab plus nivolumab in 
AS showed an OR rate of 25 % in 16 patients [8]. In our AS patient 
cohort, the ORR to ICI in any treatment line was indeed high with 
58.3 % in n = 12 patients treated. The ORR to chemotherapy in first-line 
was comparatively low with 36.7 % in n = 60 patients. Thus, it can be 
concluded that ICI immunotherapy could be considered as first-line 
therapy in AS.

Pleomorphic dermal sarcoma (PDS) is today the most common tumor 
within the rare group of cutaneous sarcomas, showing a local relapse 

rate of 5–28 %; metastases occur in 8–20 % [9]. The TMB in PDS was 
reported to be extremely high due to the common UV-induced patho
genesis of these tumors [10]. For systemic treatment in advanced PDS 
case reports and small case series are available. Chemotherapy regimens 
such as doxorubicin, adriamycin, and ifosfamid are used, but offer only 
short-lived disease control [10,11]. ICI were investigated in a 

Table 3 
Best overall response to first-line therapy by skin cancer entity (total cohort, n = 209).

Chemotherapy ICI immuno-therapy Targeted therapy IFNalpha others

Angiosarcoma N ¼ 60 N ¼ 6 N ¼ 2 N ¼ 1 N ¼ 2

CR 7 11.7 % 3 50 % 1 50.0 % 1 100.0 % 0
PR 15 25.0 % 1 16.7 % 0 0 0
SD 15 25.0 % 0 1 50.0 % 0 0
PD 13 21.7 % 2 33.3 % 0 0 1 100.%
Unknown 10 16.7 % 0 0 0 0
ORR (CRþPR) 22 36.7 % 4 66.7 % 1 50 % 1 100 % 0
DCR (CR+PR+SD) 37 61.7 % 4 66.7 % 2 100.0 % 1 100.5 % 0
Kaposi sarcoma N ¼ 51 N ¼ 1 N ¼ 1 N ¼ 27 N ¼ 1
CR 13 25.5 % 0 0 4 14.8 % 0
PR 30 58.8 % 0 0 4 14.8 % 1 100 %
SD 5 9.8 % 1 100 % 0 8 29.6 % 0
PD 3 5.9 % 0 1 100 % 6 22.2 % 0
Others (NED) 0 0 0 1 3.7 % 0
ORR (CRþPR) 43 74.3 % 0 0 8 29.6 % 1 100 %
DCR (CR+PR+SD) 48 84.1 % 0 0 16 59.2 % 1 100 %
Pleomorphic dermal sarcoma N ¼ 3 N ¼ 9 N ¼ 2 N ¼ 0 N ¼ 0
CR 0 4 44.4 % 0 0 0
PR 1 33.3 % 2 22.2 % 0 0 0
SD 2 66.7 % 1 11.1 % 0 0 0
PD 0 1 11.1 % 2 100.0 % 0 0
Unknown 0 1 11.1 % 0 0 0
ORR (CRþPR) 1 33.3 % 6 66.6 % 0 0 0
DCR (CR+PR+SD) 3 100.0 % 7 77.7 % 0 0 0
Cutaneous adnexal carcinoma N ¼ 11 N ¼ 16 N ¼ 8 N ¼ 0 N ¼ 0
CR 0 1 6.3 % 0 0 0
PR 2 18.2 % 0 1 12.5 % 0 0
SD 2 18.2 % 2 12.5 % 2 25.0 % 0 0
PD 7 63.3 % 8 50.0 % 5 62.5 % 0 0
Unknown 0 5 31.3 % 5 31.3 % 0 0
ORR (CRþPR) 2 18.2 % 1 6.3 % 1 12.5 % 0 0
DCR (CR+PR+SD) 4 36.4 3 18.8 % 3 37.5 % 0 0

Table 4 
Best overall response to immune checkpoint inhibition, all therapy lines 
(n = 53).

AS N ¼ 12 KSN¼ 9 PDSN¼ 9 CACN¼ 23 P

CR 3 25 % 1 11.1 % 4 44.4 % 1 4.3 % 0.004
PR 2 16.6 % 2 22.2 % 2 22.2 % 0 0 %
SD 0 0 % 4 44.4 % 1 11.1 % 2 8.6 %
PD 6 50 % 1 11.1 % 1 11.1 % 13 56.5 %
Unknown 1 8.3 % 1 11.1 % 1 11.1 % 7 30.4 %
ORR (CRþPR) 7 58.3 % 3 33.3 % 6 66.6 % 1 4.3 %
DCR 

(CR+PR+SD)
7 58.3 % 7 77.7 % 7 77.7 % 3 12.9 %

AS, angiosarcoma; KS, Kaposi sarcoma; PDS, pleomorphic dermal sarcoma; CAC, 
cutaneous adnexal carcinoma.

Table 5 
Survival outcome according to skin cancer entity (total cohort, n = 209).

Probability of AS KS PDS CAC

Progression- 
free survival 
(PFS)

​ ​ ​ ​

1-year rate(95 % 
CI)

25.6 % 
(11.9;39.3)

45.7 % 
(29.3;62.1)

70.7 % 
(41.9;99.5)

18.5 % 
(3.8;33.2)

2-year rate (95 % 
CI)

10.3 % 
(7;19.9)

31.4 % 
(16.1;46.7)

70.7 % 
(41.9;99.5)

7.4 % 
(0;17,2)

5-year rate (95 % 
CI)

not reached 8.6 % 
(0;17.8)

70.7 % 
(41.9;99.5)

not reached

Tumor-specific 
survival (TSS)

​ ​ ​ ​

1-year rate(95 % 
CI)

84.2 % 
(83.2;93.8)

97.3 % 
(93.6;100)

67.7 % 
(41.2;94.0)

65.4 % 
(47.6;83.2)

2-year rate (95 % 
CI)

78.8 % 
(67.2;90.4)

95.8 % 
91.1;100)

67.7 % 
(41.2;94.0)

29.4 % 
(7.5;51.3)

5-year rate (95 % 
CI)

66.5 % 
(47.9;85.1)

92.7 % 
(85.2;100)

67.7 % 
(41.2;94.0)

14.7 % 
(0:37.8)

Overall survival 
(OS)

​ ​ ​ ​

1-year rate(95 % 
CI)

71.8 % 
(60.2;83.4)

97.3 % 
(93.6;100)

54.0 % 
(22.2;85.7)

60.9 % 
(43.3;78.5)

2-year rate (95 % 
CI)

59.4 % 
(45.5;73.3)

94.1 % 
(88.4;99.8)

54.0 % 
(22.2;85.7)

27.3 % 
(6.7;47.8)

5-year rate (95 % 
CI)

43.4 % 
(26.6;60.2)

84.9 % 
(74.7;95.1)

54.0 % 
(22.2;85.7)

13.7 % 
(0;35.2)

AS, angiosarcoma; KS, Kaposi sarcoma; PDS, pleomorphic dermal sarcoma; CAC, 
cutaneous adnexal carcinoma.
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Fig. 2. Survival according to skin cancer entity. (a) Probability of progression-free survival (PFS), p < 0.001; (b) probability of tumor-specific survival (TSS), 
p < 0.001; (c) probability of overall survival (OS), p < 0.001. P-values were calculated using the log rank test.
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multicenter phase II study treating soft tissue sarcomas of various type 
with pembrolizumab resulting in an ORR of 40 % for patients with un
differentiated pleomorphic sarcomas [11]. Burgess and coworkers re
ported in 2020 an ORR of 16 % in (9/40) patients with soft tissue 
sarcomas of different types [12]. In the PDS patient cohort investigated 
in our present study, we found a high ORR of 66.6 % in n = 9 patients 
treated with ICI immunotherapy in any treatment line. In comparison, 
the ORR to chemotherapy was 33.3 % only in n = 3 first-line treated 
PDS patients. These results lead to the conclusion, that in advanced PDS 
immunotherapy with ICI currently is the most effective systemic treat
ment and should be considered as first-line therapy.

In patients with classic and endemic forms of Kaposi sarcoma (KS), 
those with visceral disease or extensive cutaneous lesions often require 
systemic treatments alone or additional to local treatment strategies. So 
far, predominantly doxorubicine was recommended for systemic ther
apy of KS. However, long-time durable responses of KS under chemo
therapy are rare [13]. KS is often observed in immunosuppressed 
patients, suggesting that it might be a good target for immune activation 
by ICI therapy. In a series of 9 HIV-positive KS patients receiving ICI, an 
OR rate of 66 % was shown [14]. Nivolumab was effective in 
HIV-negative KS, showing an ORR of 71 % [13]. In the KS patient cohort 
investigated by us, we confirmed the frequent use of chemotherapy in 
first-line (63.0 % of n = 81 patients). Also as expected, the OR rate to 
chemotherapy was high with 84.3 %. Upon ICI immunotherapy in any 
line, the OR rate was lower with 33.3 % of n = 9 patients. Still, the 
durability of response might be better under ICI. Thus, in KS a 
comparative prospective trial testing first-line chemotherapy versus ICI 
immunotherapy is needed to direct future treatment decisions.

Cutaneous adnexal carcinomas (CAC) are a highly heterogenous 
group of malignant neoplasms, and currently have limited effective 
treatment options for advanced disease[15]. CACs can arise from 
various adnexal structures including follicular, sebaceous, apocrine, or 
eccrine differentiation. Thus, CACs demonstrate molecular heterogene
ity, which contributes to their diverse clinical and histological presen
tation as well as response to therapy. While some CACs, particularly 
those in sun-exposed areas, may have a high TMB, which is generally 
associated with better response to immunotherapy, however, the 
mutational landscape varies significantly between tumors and even 
within different areas of the same tumor. High expression levels of 
PD-L1 were reported in sebaceous carcinomas[16,17]. In two case re
ports, the use of pembrolizumab with or without chemotherapy 
demonstrated clinical efficacy against metastatic sebaceous carcinoma
[18,19]. One patient remained on pembrolizumab despite requiring 
systemic corticosteroids due to secondary adrenal insufficiency[18]. In 
our present study, from 23 CAC patients treated with ICI immuno
therapy in any line, only 1 patient showed an objective response (OR 
rate 4.3 %). This extremely poor response outcome in a real-world pa
tient cohort leads us to the conclusion, that ICI immunotherapy 
currently is not a recommendable first-line treatment option in 
non-resectable CAC. Since the OR rate of CAC to any other first-line 
systemic treatment investigated by us was also low (10.8 % of n = 37 
patients), we conclude that there is a high and urgent need of new 
treatment strategies for this prognostically poor cancer entity.

Our study has some limitations. First, its retrospective nature leads to 
a selection bias of the patients provided for analysis by each center. 
Additionally, it has to be mentioned that the number of patients in some 
of the cancer entities, particularly in PDS, are rather small. However, its 
real-world setting provides results which are not restricted to skin cancer 
patients who are otherwise healthy, but include all kinds of patients 
presenting at the respective study centers.

Taken together, our study provides encouraging results demon
strating ICI immunotherapy as a highly efficient treatment option in the 
advanced rare skin cancer entities PDS and AS, as well as in advanced 
KS, here of moderate efficacy. In CAC, ICI immunotherapy did not show 
efficacy and should therefore not be used as first-line treatment outside 
of clinical trials. Our results are based on retrospective data, and should 

be confirmed in prospective clinical studies, if possible.
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