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Summary
Background PD-1-based immune checkpoint inhibition (ICI) is the major backbone of current melanoma therapy.
Tumor PD-L1 expression represents one of few biomarkers predicting ICI therapy outcome. The objective of the
present study was to systematically investigate whether the type of tumor tissue examined for PD-L1 expression
has an impact on the correlation with ICI therapy outcome.

Methods Pre-treatment tumor tissue was collected within the prospective DeCOG cohort study ADOREG/TRIM
(CA209-578; NCT05750511) between February 2014 and May 2020 from 448 consecutive patients who received PD-1-
based ICI for non-resectable metastatic melanoma. The primary study endpoint was best overall response (BOR),
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secondary endpoints were progression-free (PFS) and overall survival (OS). All endpoints were correlated with tumor
PD-L1 expression (quantified with clone 28–8; cutoff ≥5%) and stratified by tissue type.

Findings Tumor PD-L1 was determined in 95 primary tumors (PT; 36.8% positivity), 153 skin/subcutaneous (34.0%
positivity), 115 lymph node (LN; 50.4% positivity), and 85 organ (40.8% positivity) metastases. Tumor PD-L1
correlated with BOR if determined in LN (OR = 0.319; 95% CI = 0.138–0.762; P = 0.010), but not in skin/
subcutaneous metastases (OR = 0.656; 95% CI = 0.311–1.341; P = 0.26). PD-L1 positivity determined on LN
metastases was associated with favorable survival (PFS, HR = 0.490; 95% CI = 0.310–0.775; P = 0.002; OS,
HR = 0.519; 95% CI = 0.307–0.880; P = 0.014). PD-L1 positivity determined in PT (PFS, HR = 0.757; 95%
CI = 0.467–1.226; P = 0.27; OS; HR = 0.528; 95% CI = 0.305–0.913; P = 0.032) was correlated with survival to a
lesser extent. No relevant survival differences were detected by PD-L1 determined in skin/subcutaneous
metastases (PFS, HR = 0.825; 95% CI = 0.555–1.226; P = 0.35; OS, HR = 1.083; 95% CI = 0.698–1.681; P = 0.72).

Interpretation For PD-1-based immunotherapy in melanoma, tumor PD-L1 determined in LN metastases was stronger
correlated with therapy outcome than that assessed in PT or organ metastases. PD-L1 determined in skin/subcutaneous
metastases showed no outcome correlation and therefore should be used with caution for clinical decision making.

Funding Bristol-Myers Squibb (ADOREG/TRIM, NCT05750511); German Research Foundation (DFG; Clinician
Scientist Program UMEA); Else Kröner-Fresenius-Stiftung (EKFS; Medical Scientist Academy UMESciA).

Copyright © 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Melanoma; Tumor PD-L1; Biomarker; Immune checkpoint inhibition; Therapy outcome
Research in context

Evidence before this study
Tumor PD-L1 is a biomarker of immune checkpoint inhibition
therapy outcome. In melanoma its predictive value is
discussed controversially.

Added value of this study
This study investigated whether the type of tumor tissue
examined for PD-L1 expression has an impact on the
correlation with immunotherapy outcome in melanoma
patients. Pre-treatment tumor tissue was prospectively
collected within the multicenter study Tissue Registry in
Melanoma (ADOREG/TRIM) from 448 consecutive patients

who received PD-1-based immunotherapy for non-resectable
metastatic melanoma.

Implications of all the available evidence
Tumor PD-L1 determined in lymph node metastases was
stronger correlated with therapy outcome than that assessed
in primary tumors or organ metastases. PD-L1 determined in
skin or subcutaneous metastases showed no correlation with
immunotherapy outcome. Further comparative analyses of
different tissue types are required to provide further insights
into the mechanisms underlying these differences in outcome
prediction.
Introduction
Background/rationale
Melanoma is one of the most lethal types of skin cancer
and shows early lymphogenic and hematogenic metas-
tasis.1 Fortunately, modern therapeutic options such as
inhibition of the RAS-RAF-MEK-ERK pathway (BRAF/
MEK-targeted therapy, TT) or PD-1-based immune
checkpoint inhibition (ICI) have significantly improved the
prognosis of advanced melanoma patients.2–5 Yet, 30–60%
of patients show primary therapy resistance. Clinical pa-
rameters that correlate with the response and survival to
systemic therapies with TT or ICI include tumor burden,
serum LDH, ECOG overall performance status, patient
age, and site and number of organs involved in
metastasis.6–8 Specific biomarkers predicting the outcome
of ICI therapy like blood neutrophil-lymphocyte ratio or
serum PD-1/PD-L1 are rare, so that models have been
described combining several unspecific clinical and blood
parameters to enhance the usefulness for clinical decision
making.9

For predicting treatment success of PD-1-based ICI
based on tumor tissue, besides tumor mutational burden
(TMB) and expression of IFNγ-related genes,10 the
expression of PD-L1 on the surface of tumor cells (tumor
PD-L1) is the only immunohistochemical marker that
provides a reliable predictive value in a number of cancer
types. Tumor PD-L1 has therefore already been an inte-
gral part of treatment decision making in non-small cell
lung cancer (NSCLC) and urothelial carcinoma.11 In
melanoma, however, its predictive value is still discussed
controversially.12–14 Two large pivotal clinical trials inves-
tigating PD-1-based ICI in melanoma demonstrated that
www.thelancet.com Vol 96 October, 2023
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patients with PD-L1 positive tumors had a significantly
better treatment response and superior survival
compared with patients with PD-L1 negative tumors.5,15

Other studies and clinical trials could not confirm tu-
mor PD-L1 expression as a useful predictor of ICI treat-
ment outcome.16,17 Notably, these trial publications did
not report on type or origin of the tumor tissue samples
used for PD-L1 expression quantification.15

The prospective multicenter translational study Tissue
Registry in Melanoma (ADOREG/TRIM; CA209-578)
aimed to investigate the PD-L1 expression from a pre-
therapeutically obtained tumor tissue sample for its cor-
relation with the outcome of a PD-1-based ICI therapy in a
large real-world cohort of metastatic melanoma patients.18

During the work-up of tissue samples sent in for molec-
ular analysis within the study, we frequently observed a
discordant PD-L1 expression in tissues obtained from
different tumor sites of the same patient. This led to
inconclusive results for tumor PD-L1 classification in a
substantial number of patients, who would have been
classified as PD-L1 positive based on one tumor lesion,
but PD-L1 negative based on another, or vice versa. This
observation of discordant tumor PD-L1 expression
resulting from the examination of different types of tumor
tissue has high clinical impact, since PD-L1 expression
results have recently gained even more importance. The
results of the RELATIVITY trial led to the recent approval
of the PD-1 inhibitor nivolumab plus the LAG-3 inhibitor
relatlimab, but was restricted by the EMA in Europe to
patients with PD-L1 negative tumors only.19 This means,
that patients with incorrect tumor PD-L1 classification
depending on an inappropriate type of tumor tissue
examined, may not receive this new drug combination.

Objectives
Thepresent study aimed to investigatewhether the type of
tissue sample used for PD-L1 quantification, and thus for
the classification of tumors as PD-L1 positive or negative,
has an impact on its correlationwith the outcome of PD-1-
based ICI therapy in melanoma patients.
Methods
Study design, setting and participants
Formalin-fixed, paraffin-embedded (FFPE) tumor tissue
samples from melanoma patients were prospectively
collected within the multicenter translational study Tis-
sue Registry in Melanoma (ADOREG/TRIM; CA209-578;
ClinicalTrials.gov identifier: NCT05750511) performed
within the framework of the skin cancer registry
ADOREG of the German Dermatologic Cooperative
Oncology Group (DeCOG), annotated with clinical pa-
rameters at basline and during follow-up. From this
consecutive cohort, patients were selected for the present
analysis according to the following criteria: Histologically
confirmed diagnosis of melanoma of the skin, mucosa,
or unknown primary; tumor tissue sample taken prior to
www.thelancet.com Vol 96 October, 2023
the start of the first PD-1-based ICI therapy for non-
resectable stage III or IV metastatic disease (AJCCv8)20;
and complete documentation of ICI treatment outcome
and follow-up. The patients received either anti-PD1
monotherapy at an approved dosage (Nivolumab 3 mg/
kg every 2 weeks or Nivolumab 480 mg every 4 weeks or
Pembrolizumab 200 mg every 3 weeks) or dual ICI
therapy at an approved dosage (Ipilimumab 3 mg/kg and
Nivolumab 1 mg/kg). Response and survival outcome to
ICI therapy was correlated with PD-L1 expression quan-
tified on pre-treatment tumor tissue from each patient,
taking into account the type of tumor tissue examined
(primary tumor, LN metastasis, skin/subcutaneous
metastasis, organ metastasis). Best overall response
(BOR) was assessed according to RECIST version 1.1.21

Progression-free survival (PFS) and overall survival (OS)
were defined as the time from therapy start to disease
progression or death, respectively; if no such event
occurred, the date of last patient contact was used as the
endpoint for survival assessment (censored observation).
The study was approved by the Ethics Committee of the
University of Duisburg-Essen (15-6566-BO); informed
consent was obtained from all participating patients.

Study endpoints/outcomes
The primary study endpoint was best overall response
(BOR), secondary study endpoints were progression-free
survival (PFS) and overall survival (OS); all endpoints
were correlated with tumor PD-L1 expression (clone
28–8; cutoff ≥5%) and stratified by tissue type.

Data sources/measurement: PD-L1 staining and
quantification
PD-L1 expression was assessed in FFPE tumor tissue
samples using a rabbit anti-human PD-L1 monoclonal
antibody (clone 28–8) and an analytically validated auto-
mated immunohistochemical assay (PD-L1 IHC 28–8
pharmDx for Autostainer Link 48; Dako, Glostrup,
Denmark). For each sample, a comparable tissue slide of
the same specimen was stained with non-specific IgG and
used as negative control. PD-L1 expression in tumor tissue
was quantified as the percentage of vital tumor cells that
exhibit a specific membrane staining of the cell surface of
any intensity in a section containing at least 100 evaluable
tumor cells, with ≥5% defined as positive staining. The
quantification of PD-L1 expression was performed by
either a pathologist or a dermatologist experienced in
histopathology, or both, using conventional bright-field
microscopy.

Sample size calculation
The TRIM study is designed as a registry study
consecutively enrolling patients from multiple clinical
centers throughout Germany. This study design as well
as the explorative nature of the statistical methods
planned make a formal sample size calculation
inapplicable.
3
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Statistical methods
The survival endpoints (PFS and OS) were calculated
using the Kaplan–Meier method for censored failure
time data. The two-sided log-rank test was used to
compare survival rates between groups. Differences in
BOR was calculated by chi-square test. Multivariable
analyses were performed using the Cox proportional
hazards model and multinomial regression. Multiple
testing was not allowed. For multivariable analyses, tu-
mor PD-L1 expression (positive, ≥5% versus negative,
<5%) was tested together with known prognostic and
predictive parameters of metastatic melanoma that were
considered as potential confounders: age (<65 versus
≥65 years), sex (male versus female), stage of disease
(III, IV M1a/b versus IV M1c/d), LDH serum activity
(normal versus elevated), number of organs involved in
metastasis (≤2 versus ≥3), and ICI therapy type (anti-
PD-1 monotherapy versus anti-PD-1 plus anti-CTLA-4
combination therapy). In order to examine the rela-
tionship between two categorical variables, the chi-
square test was applied. One-way ANOVA (analysis of
variance) was used to determine whether a statistically
significant relationship existed between more than two
independent groups. Statistical analysis was performed
using SPSS (Version 25, IBM, Armonk, NY, USA) and
Graphpad Prism (Version 9, GraphPad Software, CA,
USA). P < 0.05 was considered statistically significant.
Results
Participants, descriptive data, and outcome data
Of 706 patients participating in the TRIM project, 448
patients (62.2% male; mean age 65.2 years) from 14
German skin cancer centers (Table S1) started an anti-
PD-1-based ICI therapy between February 2014 and May
2020 and met the above-mentioned selection criteria. Of
these, the sent in pre-treatment tumor tissue specimens
examined for PD-L1 expression were obtained from
primary tumors (PT) in 95/448 (21.2%) patients, and
from metastases in 353/448 (78.8%) patients. In the
patient group tested for PD-L1 expression in metastatic
tissue, 153/353 (43.3%) tissues were from skin or sub-
cutaneous (SC) metastases, 115/353 (32.6%) from
lymph node (LN) metastases, and 85/353 (24.1%) from
organ metastases. In 16 patients initially tested in pri-
mary tumors, a second tissue sample from skin/SC
metastasis was available for a second PD-L1 expression
testing. An overview on the study patient flow is pro-
vided in Fig. 1. First non-adjuvant PD-1-based ICI
therapy consisted of single-agent PD-1 ICI in 314/448
(70.1%), and of PD-1 plus CTLA-4 ICI combination
therapy in 134/448 (29.9%) patients. At data cut-off on
July 15, 2022, after a median follow-up time of 18.5
months, the BOR to a first PD-1-based ICI therapy was
objective response (CR/PR) in 120 (26.8%) patients,
stable disease (SD) in 127 (28.3%) patients, and pro-
gressive disease (PD) in 196 (43.8%) patients. 295/448
patients (65.8%) progressed at any time after starting
PD-1-based ICI therapy, and 252/448 patients (56.3%)
died. The median PFS of the total cohort of 448 patients
after start of PD-1-based ICI therapy was 6.2 months;
the median OS was 26.0 months. For detailed patient
characteristics including possible confounders and
missing data see Table 1.

Main results: different PD-L1 expression in primary
tumors and corresponding skin/subcutaneous
metastases of the same patient
In a first small hypothesis-generating cohort, 16 of the
total of 448 patients were identified, whose initial tumor
PD-L1 expression analysis was done in primary tumor
tissue, and of whom additional pre-therapeutically ob-
tained FFPE tissue specimen from a skin/SC metastasis
were available (see Fig. 1). Among these 16 patients, PD-
L1 expression testing from primary tumors and skin/SC
metastases revealed concordant results (PT pos and
skin/SC pos; PT neg and skin/SC neg) in n = 7 (43.8%),
and discordant results (PT pos and skin/SC neg; PT neg
and skin/SC pos) in n = 9 (56.2%) cases (Fig. 2A). PD-L1
stainings of four representative patients are shown in
Fig. 2D and E. Of the primary tumors, 7/16 (43.8%)
were classified as PD-L1 positive, and 9/16 (56.2%) as
PD-L1 negative. Patients whose primary tumors were
classified as PD-L1 negative had a median PFS of only 2
months upon ICI therapy, whereas patients whose pri-
mary tumors were classified as PD-L1 negative had a
longer median PFS of 6 months (Fig. 2B, HR = 0.369;
95% CI = 0.113–1.204; P = 0.093). The quantification of
PD-L1 expression in skin/SC metastases of the same
patients revealed similar proportions with 8/16 (50.0%)
metastases tested as PD-L1 positive, and 8/16 (50.0%) as
PD-L1 negative (Fig. 2A). However, patients with PD-L1
positive skin/SC metastases did not show a superior
PFS compared to patients with PD-L1 negative skin/SC
metastases (Fig. 2C, HR = 1.892; 95% CI = 0.562–6.360;
P = 0.42).

Main results: PD-L1 in primary tumors versus
metastases and its correlation with PD-1-based ICI
therapy outcome
Of n = 448 pre-treatment tumor samples, 21.2% (n = 95)
were from primary tumors (Table S2), and 78.8%
(n = 353) were from different metastatic sites; Fig. 3A. A
total of 269 (60.0%) tumor tissues were classified as PD-
L1 negative and 179 (40.0%) as PD-L1 positive. Of pa-
tients whose tumors were classified as PD-L1 positive,
66 (36.9%) showed an objective response (CR/PR) to ICI
therapy, whereas of patients whose tumors were classi-
fied as PD-L1 negative, 60 (22.3%) showed an objective
response (OR = 0.492; 95% CI = 0.325–0.739; P = 0.008;
Figure S1A). Patients with PD-L1 positive tumors
showed a median PFS of 11.2 months (95%
CI = 5.3–17.2) and a median OS of 35.4 months (95%
CI = 23.2–47.6). In comparison, patients with PD-L1
www.thelancet.com Vol 96 October, 2023



Tissue Registry in Melanoma (N=706 patients)
- Histologically confirmed diagnosis of melanoma
- Metastatic disease stage III/IV (AJCCv8)
- Prospective collection of clinical data (baseline and follow-up)

448 patients
- Melanoma of the skin, mucosa, or unknown primary
- Received first PD-1-based ICI therapy for non-resectable disease
- Collected FFPE tumor tissue sample taken prior to start of ICI therapy
- Complete documentation of ICI treatment outcome and follow-up

258 patients
- Primary ocular/uveal melanoma
- Received other treatment than PD-1-based ICI
- No pre-therapeutic FFPE tumor tissue sample available
- Therapy follow-up documentation incomplete

448 patients
PD-L1 expression analysis on FFPE tissue sample
- from primary tumor (N=95 patients)
- from skin/subcutaneous metastasis (N=153 patients)
- from lymph node metastasis (N=115 patients)
- from organ metastasis (N=85 patients)

448 patients
Correlation of PD-L1 expression with PD-1-based ICI therapy outcome
- Best overall response (BOR)
- Progression-free survival (PFS), overall survival (OS)

16 patients
- initial PD-L1 expression analysis on primary tumor
- additional PD-L1 expression analysis on skin/subcutaneous

metastasis of same patient

Fig. 1: Schematic presentation of the study flow.

Articles
negative tumors showed a median PFS of 4.6 months
(95% CI = 3.3–5.9) and a median OS of 19.2 months
(95% CI = 13.2–25.3). Overall, patients with PD-L1
positive tumors showed a statistically significant better
PFS (HR = 0.656; 95% CI = 0.524–0.821; P < 0.001;
Figure S1B) and OS (HR = 0.688; 95% CI = 0.537–0.882;
P = 0.004; Figure S1C).

Next, we considered the subgroups depending on
which tissue localization was used for PD-L1 analysis.
Primary tumors were classified as PD-L1 positive in
36.8%, and metastases in 40.8%, revealing no signifi-
cantly different frequency between groups (OR = 1.181;
95% CI = 0.738–1.908; P = 0.49; Fig. 3B). The median
PFS after start of PD-1-based ICI in patients with PD-L1
positive primary tumors was 5.8 months (95%
CI = 0.0–12.7 months); the median OS was not reached.
In patients with PD-L1 negative primary tumors, the
median PFS was 5.0 months (95% CI = 3.5–6.6
www.thelancet.com Vol 96 October, 2023
months), and the median OS was 15.5 months (95%
CI = 9.4–21.6 months). Thus, patients with PD-L1 pos-
itive primary tumors revealed a superior survival
compared to patients with PD-L1 negative primary tu-
mors, with differences between groups were statistically
significant for OS (HR = 0.528; 95% CI = 0.305–0.913;
P = 0.032), but not for PFS (HR = 0.757; 95%
CI = 0.467–1.226 P = 0.269); Fig. 3C. In patients whose
metastases were classified as PD-L1 positive, the median
PFS after ICI therapy start was 13.4 months (95%
CI = 6.8–32.6 months), and the median OS was 34.8
months (95% CI = 27.3–42.3 months). In patients with
metastases tested as PD-L1 negative, the median PFS
was 4.4 months (95% CI = 2.5–6.2 months), and the
median OS was 20.3 months (95% CI = 13.4–27.1
months). Patients with PD-L1 positive metastases
showed a statistically significantly improved PFS
(HR = 0.645; 95% CI = 0.501–0.832; P = 0.001) and OS
5



Total patient cohort Primary tumor Lymph node metastasis Skin/Subcutaneous metastasis Organ metastasis

Total N (%) N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

Total 448 (100%) 95 (100%) 60 (63.2%) 35 (36.8%) 115 (100%) 57 (49.6%) 58 (50.4%) 153 (100%) 101 (66.0%) 52 (34.0%) 85 (100%) 51 (60.0%) 34 (40.0%)

Mean age (range), years 65.2
(17.6–93.4)

65.4
(19.9–89.8)

64.9
(25.6–89.8)

66.2
(19.9–89.6)

65.9
(17.6–85.2)

66.1
(17.6–85.2)

65.7
(31.0–85.2)

65.3
(27.4–91.2)

66.4
(27.4–91.2)

68.5
(28.3–88.5)

61.9
(26.4–93.4)

62.0
(26.4–93.4)

61.9
(39.3–81.0)

Sex

Female 279 (62.2%) 66 (69.5%) 37 (61.7%) 29 (82.9%) 72 (62.6%) 36 (63.2%) 36 (62.1%) 92 (60.1%) 61 (60.4%) 31 (59.6%) 36 (42.4) 25 (49.0%) 11 (32.4%)

Male 169 (37.8%) 29 (30.5%) 23 (38.3%) 6 (17.1%) 43 (37.4%) 21 (36.8%) 22 (37.9%) 61 (39.9%) 40 (39.6%) 21 (40.4%) 49 (57.6%) 26 (50.1%) 23 (67.4%)

Localisation of primary

Skin 372 (83.0%) 79 (83.2%) 48 (80.0%) 31 (88.6%) 97 (84.3%) 48 (84.2%) 49 (84.5%) 141 (92.2%) 92 (91.1%) 49 (94.2%) 55 (64.7) 31 (60.8%) 24 (70.6%)

Mucosa 37 (8.3%) 16 (16.8%) 12 (20.0%) 4 (11.4%) 6 (5.2%) 3 (5.3%) 3 (5.2%) 4 (26.1%) 1 (1.0%) 3 (5.8%) 14 (16.5%) 9 (17.6%) 5 (14.7%)

Occult (unknown
primary)

39 (5.8%) 0 (0%) 0 (0%) 0 (0%) 12 (10.4%) 6 (10.5%) 6 (10.3%) 8 (5.2%) 8 (7.9%) 0 (0.0%) 16 (18.8%) 11 (21.6%) 5 (14.7%)

BRAF V600 mutation (tumor)

Yes 134 (29.9%) 30 (31.6%) 20 (33.3%) 10 (28.6%) 33 (28.7%) 18 (31.6%) 15 (25.8%) 37 (24.2%) 23 (22.8%) 14 (26.9%) 38 (44.7%) 19 (37.3%) 19 (55.9%)

No 314 (70.1%) 65 (68.4%) 40 (66.7%) 25 (71.4%) 82 (71.3%) 39 (68.4%) 43 (74.1%) 116 (75.8%) 78 (77.2%) 38 (73.1%) 47 (55.3%) 32 (62.7%) 15 (44.1%)

AJCC stage and M category

III, IV M1a/b 262 (58.5%) 49 (51.6%) 35 (58.3%) 14 (40.0%) 76 (66.1%) 42 (73.7%) 34 (58.6%) 109 (71.2%) 72 (71.3%) 37 (71.1%) 28 (32.9%) 17 (33.3%) 11

IV M1c/d 174 (38.8%) 34 (35.8%) 19 (31.7%) 15 (42.9%) 39 (33.9%) 15 (26.3%) 24 (41.4%) 44 (28.8%) 29 (28.7%) 15 (28.9%) 57 (67.1%) 34 (66.7%) 23

Unknown 12 (2.7%) 12 (12.6%) 6 (10%) 6 (17.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Number of organs involved in metastasis

≤2 329 (73.4%) 65 (68.4%) 44 (73.3%) 21 (60.0%) 86 (74.8%) 45 (78.9%) 41 (70.7%) 118 (77.1%) 76 (75.2%) 42 (80.8%) 60 (70.6%) 37 (72.5%) 23 (67.4%)

≥3 102 (22.8%) 13 (13.7%) 7 (16.7%) 6 (17.1%) 29 (25.2%) 12 (21.1%) 17 (29.3%) 35 (22.9%) 25 (24.8%) 10 (19.2%) 25 (29.4%) 14 (27.5%) 11 (32.4%)

Unknown 17 (3.8%) 17 (17.9%) 9 (15.0%) 8 (22.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

LDH (serum)

Normal (≤ULN) 190 (42.4%) 39 (41.1%) 27 (45.0%) 12 (34.3%) 53 (46.1%) 24 (42.1%) 29 (50.0%) 66 (43.1%) 47 (46.5%) 19 (36.5%) 32 (37.6%) 17 (33.3%) 15 (44.1%)

Elevated (>ULN) 156 (34.8%) 25 (26.3%) 16 (26.7%) 9 (25.7%) 37 (32.2%) 19 (33.3%) 18 (31.0%) 61 (39.9%) 40 (39.6%) 21 (40.4%) 33 (38.9%) 23 (29.4%) 10 (29.4%)

Unknown 102 (22.8%) 31 (32.6%) 17 (28.3%) 14 (40.0%) 25 (21.7%) 14 (24.6%) 11 (19.0%) 26 (17.0%) 14 (13.9%) 12 (23.1%9 20 (23.5%) 11 (26.5%) 9 (26.5%)

ECOG overall performance status

0 280 (62.5%) 67 (70.5%) 45 (75.0%) 22 (62.9%) 67 (58.3%) 35 (61.4%) 32 (55.2%) 98 (64.1%) 64 (63.4%) 34 (65.4%) 49 (57.6%) 28 (54.9%) 21 (61.8%)

≥1 82 (18.3%) 19 (20.0%) 11 (18.3%) 8 (22.9%) 17 (14.8%) 8 (14.0%) 9 (15.5%) 31 (20.3%) 20 (19.8%) 11 (21.2%) 15 (17.6%) 10 (19.6%) 5 (14.7%)

Unknown 86 (19.2%) 9 (9.5%) 4 (6.7%) 5 (14.3%) 31 (26.9%) 14 (24.6%) 17 (29.3%) 24 (15.7%) 17 (16.8%) 7 (13.5%) 21 (24.7%) 13 (25.5%) 8 (23.5%)

Non-adjuvant pre-treatment

Yes 110 (24.5%) 27 (28.4%) 23 (38.3%) 4 (11.4%) 26 (22.6%) 11 (19.3%) 15 (25.9%) 37 (24.2%) 23 (22.8%) 14 (26.9%) 35 (68.6%) 22 (43.1%) 13 (38.2%)

No 304 (67.9%) 60 (63.2%) 32 (53.3%) 28 (80%) 84 (73.0%) 44 (77.2%) 40 (69.0%) 105 (68.6%) 70 (69.3%) 35 (67.3%) 37 (72.5%) 24 (47.1%) 13 (38.2%)

Unknown 34 (7.6%) 8 (8.4%) 5 (8.3%) 3 (8.6%) 5 (4.4%) 2 (3.5%) 3 (5.1%) 11 (7.2%) 8 (7.9%) 3 (5.7%) 13 (25.4%) 5 (9.8%) 8 (23.6%)

(Table 1 continues on next page)
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Total patient cohort Primary tumor Lymph node metastasis Skin/Subcutaneous metastasis Organ metastasis

Total N (%) N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

N all (%) N PD-L1<5%
(%)

N PD-L1≥5%
(%)

(Continued from previous page)

Type of ICI therapy

PD-1 314 (70.1%) 62 (65.3%) 35 (58.3%) 27 (77.1%) 94 (81.7%) 48 (84.2%) 46 (79.3%) 113 (73.9%) 72 (71.3%) 41 (78.8%) 33 (38.8%) 24 (47.1%) 19 (55.9%)

PD-1 plus CTLA-4 134 (29.9%) 33 (34.7%) 25 (41.7%) 8 (22.9%) 21 (18.3%) 9 (15.8%) 12 (20.7%) 40 (26.1%) 29 (28.7%) 11 (21.2%) 52 (61.2%) 27 (52.9%) 15 (44.1%)

Therapy Outcome

Total 442 (100%) 95 (100%) 60 (100%) 35 (100%) 112 (100%) 56 (100%) 56 (100%) 150 (100%) 100 (100%) 50 (100%) 85 (100%) 51 (60.0%) 34 (40.0%)

CR 45 (10.2%) 9 (9.5%) 5 (8.3%) 4 (11.4%) 10 (8.9%) 4 (7.1%) 6 (10.7%) 18 (12.0%) 10 (10.0%) 8 (16.0) 8 (9.4%) 4 (7.8%) 4 (11.8%)

PR 74 (16.7%) 13 (13.7%) 6 (10.0%) 7 (20.0%) 20 (17.8%) 5 (8.9%) 15 (26.7%) 27 (18.0%) 17 (17.0%) 10 (20.0) 14 (16.5%) 6 (11.8%) 8 (23.5%)

SD 127 (28.7%) 33 (34.7%) 25 (41.7%) 8 (22.9%) 36 (32.1%) 16 (28.6%) 20 (35.7%) 37 (24.7%) 23 (23.0%) 14 (28.0%) 21 (24.7%) 13 (25.5%) 8 (23.5%)

PD 196 (44.3%) 40 (42.1%) 24 (40.0%) 16 (45.7%) 46 (41.1) 31 (54.4%) 15 (26.7%) 68 (45.3%) 50 (50.0%) 18 (36.0%) 42 (49.1%) 28 (54.9%) 14 (41.2%)

ORR

CR/PR 119 (26.9%) 22 (23.2%) 11 (18.3%) 11 (31.4%) 30 (26.7%) 9 (16.1%) 21 (37.5%) 45 (30.0%) 27 (27.0%) 18 (36.0%) 22 (25.9% 10 (19.6%) 12 (35.3%)

SD/PD 323 (73.1%) 73 (76.8%) 49 (81.7%) 24 (68.6%) 82 (73.3%) 47 (83.9%) 35 (62.5%) 105 (70.0%) 73 (73.0%) 32 (64.0%) 63 (74.1%) 41 (80.4%) 22 (64.7%)

DCR

CR/PR/SD 246 (55.6%) 55 (57.9%) 36 (60%) 19 (54.3%) 66 (58.9%) 25 (44.6%) 41 (73.2%) 82 (54.7%) 50 (50.0%) 32 (64.0%) 43 (50.6%) 23 (45.1%) 20 (58.8%)

PD 196 (44.4%) 40 (42.1%) 24 (40.0%) 16 (45.7%) 46 (41.1) 31 (55.3%) 15 (26.8%) 68 (45.3%) 50 (50.0%) 18 (36.0%) 42 (49.1%) 28 (54.9%) 14 (41.2%)

Median PFS in months
(95% CI)

5.0 (3.5–6.6) 5.8 (0.0–12.7) 3.5 (1.3–5.6) 22.0
(11.9–32.2)

6.0 (2.5–9.5) 7.5 (1.4–13.7) 3.5 (2.0–4.9) 6.3 (0.0–23.5)

HR (95% CI) 0.757 (0.467–1.226) 0.490 (0.310–0.775) 0.825 (0.555–1.226) 0.614 (0.368–1.023)

Median OS in months
(95% CI)

15.5
(9.4–21.6)

Not reached 16.6
(9.4–23.8)

68.9
(29.8–107.9)

28.7
(11.5–45.8)

31.1
(15.6–46.6)

13.3
(4.6–21.9)

31.5
(17.2–45.8)

HR (95% CI) 0.528 (0.305–0.913) 0.519 (0.307–0.880) 1.083 (0.698–1.681) 0.643 (0.380–1.085)

Patient characteristics at start of the first non-adjuvant PD-1-based immune checkpoint inhibition (ICI) therapy of the total patient cohort and of the subgroups of patients with PD-L1 assessment in primary tumors, lymph node metastases, and skin/
subcutaneous metastases. Statistical analysis of total subgroups with. *One-way ANOVA and **chi-square test. AJCCv8 was used for disease classification. LDH, lactate dehydrogenase; ULN, upper limit of normal.

Table 1: Patient characteristics at start of the first PD-1-based immune checkpoint inhibition (index therapy).
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Tumor PD-L1 expression quanƟfied in corresponding
primary tumors (PT) and skin/subcutaneous (SC) metastases

N (%)
(total N=16)

PT pos (≥5%) and skin/SC pos (≥ 3)%5  (18.8)
PT pos (≥5%) and skin/SC neg 4)%5<(  (25.0)
PT neg (<5%) and skin/SC pos (≥ 5)%5  (31.3)
PT neg (<5%) and skin/SC neg 4)%5<(  (25.0)
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Fig. 2: Different tumor PD-L1 expression in primary tumors and corresponding skin/subcutaneous metastases of 16 melanoma patients. Tumor
PD-L1 expression was quantified on pre-therapeutically obtained tissue samples. (A) different combinations of PD-L1 expression; (B, C)
progression-free survival by PD-L1 expression; (D, E) examples of concordant and discordant tumor PD-L1 expression of 4 representative
patients. Coloured boxes indicate areas of magnification.
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Fig. 3: Tumor PD-L1 assessed on primary tumors and metastases and its association with survival outcome of the first PD-1-based ICI therapy.
(A) Frequencies of tissue types used for tumor PD-L1 quantification in the total patient cohort; (B) frequencies of tumor PD-L1 expression
determined on primary tumors versus metastases. (C, D) Kaplan–Meier survival curves showing progression-free (PFS) and overall survival (OS)
dependent on tumor PD-L1 expression assessed on primary tumors (C) and metastases (D). (E, F) Multivariate Cox regression analysis of PFS and
OS considering tumor PD-L1 expression determined on primary tumors (E) and metastases (F).
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(HR = 0.750; 95% CI = 0.567–0.991; P = 0.048)
compared to patients with PD-L1 negative metastases;
Fig. 3D.

Applying multivariable Cox regression analysis, PD-
L1 expression quantified in primary tumors was inde-
pendently correlated with OS (HR = 0.45; 95%
CI = 0.21–0.98; P = 0.044), but not with PFS (HR = 0.59;
95% CI = 0.30–1.14; P = 0.12); Fig. 3E. The PD-L1
expression quantified in metastases was independently
correlated with PFS (HR = 0.60; 95% CI = 0.44–0.81;
P = 0.001) and OS (HR = 0.69; 95% CI = 0.50–0.96;
P = 0.026), Fig. 3F.

Main results: PD-L1 in LN metastases, but not in
skin or subcutaneous metastases, correlates with
therapy outcome
We then investigated whether, in the group of 353 pa-
tients classified according to PD-L1 expression in tissue
samples from metastases, there were differences in the
correlation with therapy outcome of PD-L1 expression
depending on the metastatic site. Among these tissue
samples, the majority originated from lymph node (LN)
(115/353; 32.6%; Table 1) and skin/SC (153/353; 43.3%;
Table 1) metastases. All other metastatic sites (lung,
liver, brain, bone, soft tissue, renal) whose tissue sam-
ples were used for PD-L1 expression quantification
Lymph node (LN) metastasis

Skin/SC metastasis

All metastases (N=353)
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C PD-L1 on LN metastases (N=115)

SOSFPE

Other 
metastasis

N=115 
(32.6%)

N=153 
(43.3%)

N=85
(24.1%)

PFS
P=0.002
HR=0.490
(95%CI=0.310-0.775)

OS
P=0.014
HR=0.519
(95%CI=0.307-0.880)

Odds raƟo Odds raƟo

Months aŌer ICI therapy start Months aŌer ICI therapy start

Pr
og

re
ss

io
n-

fre
e

su
rv

iva
l

O
ve

ra
ll 

su
rv

iva
l

58 21 7 2 0

57 12 7 2 0

58 33 16 8 0

57 22 11 5 0

No. at risk:No. at risk:

Fig. 4: Tumor PD-L1 assessed on lymph node (LN) metastases and skin/sub
of the first PD-1-based ICI therapy. (A) Frequencies of different types of
patients assessed on metastases; (B) frequencies of tumor PD-L1 expressi
survival curves showing progression-free (PFS) and overall survival (OS) de
(D) metastases. (E, F) Multivariate Cox regression analysis of PFS and OS co
(F) metastases.

www.thelancet.com Vol 96 October, 2023
summed up to 85/353 (24.1%), Fig. 4A. When consid-
ering the two largest groups of metastatic sites investi-
gated in this study, LN and skin/SC metastasis, we
observed that LN metastases were classified as PD-L1
positive more frequently than skin/SC metastases
(50.4% versus 34.0%; OR = 0.506; 95%
CI = 0.311–0.839, P = 0.007), Fig. 4B. The median PFS
after initiation of a PD-1-based ICI in patients with PD-
L1 positive LN metastases was 22.0 months (95%
CI = 11.9–32.2 months), and the median OS was 68.9
months (95% CI = 29.8–107.9 months). In patients with
PD-L1 negative LN metastases, the median PFS was 3.5
months (95% CI = 1.3–5.6 months), and the median OS
was 16.6 months (95% CI = 9.4–23.8 months). The
differences in survival by tumor PD-L1 expression
determined in LN metastases were statistically signifi-
cant for PFS (HR = 0.490; 95% CI = 0.310–0.775;
P = 0.002) and OS (HR = 0.519; 95% CI = 0.307–0.880;
P = 0.014); Fig. 4C. In contrast, no statistically signifi-
cant differences in survival after start of a PD-1-based
ICI could be detected by tumor PD-L1 expression
assessed in skin/SC metastases (PFS= HR=0.825; 95%
CI = 0.555–1.226; P = 0.35; OS= HR=1.083; 95%
CI = 0.698–1.681; P = 0.72), Fig. 4D. Here, in patients
with PD-L1 positive skin/SC metastases, the median
PFS after ICI therapy start was 7.5 months (95%
B LN metastases (N=115) Skin/SC metastases (N=153)
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(66.0%)

N=52 
(34.0%)

P=0.007

PD-L1 on skin/SC metastases (N=153)D

SOSFPF

N=57 
(49.6%)

N=58 
(50.4%)

PFS
P=0.35
HR=0.825
(95%CI=0.555-1.226)

OS
P=0.72
HR=1.083
(95%CI=0.698-1.681)

Odds raƟo Odds raƟo

PD-L1 pos (≥5%)

PD-L1 neg (<5%)

PD-L1 pos (≥5%)

PD-L1 neg (<5%)

Months aŌer ICI therapy start Months aŌer ICI therapy start

O
ve

ra
ll 

su
rv

iva
l

Pr
og

re
ss

io
n-

fre
e 

su
rv

iva
l

52 18 8 6 0

101 27 11 2 0

52 28 12 6 0

101 52 30 11 0

No. at risk: No. at risk:

OR=0.751
95%CI=0.599-0.956

cutaneous (SC) metastases and its association with survival outcome
tissue samples used for tumor PD-L1 quantification in the cohort of
on determined on LN versus skin/SC metastases. (C, D) Kaplan–Meier
pendent on tumor PD-L1 expression assessed on LN (C) and skin/SC
nsidering tumor PD-L1 expression determined on LN (E) and skin/SC

9



Articles

10
CI = 1.4–13.7 months), and the median OS was 31.1
months (95% CI = 15.6–46.6 months). In patients with
PD-L1 negative skin/SC metastases, the median PFS
was 6.0 months (95% CI = 2.5–9.5 months), and the
median OS was 28.7 months (95% CI = 11.5–45.8
months).

Multivariable Cox regression analysis revealed that
tumor PD-L1 expression determined on LN metastases
was statistically significant independently correlated
with PFS (HR = 0.43; 95% CI = 0.24–0.75; P = 0.003)
and OS (HR = 0.51; 95% CI = 0.27–0.96; P = 0.037),
Fig. 4E. No statistically significant independent corre-
lation with survival could be found for tumor PD-L1
expression assessed in skin/SC metastases (PFS,
HR = 0.76, 95% CI = 0.47–1.23, P = 0.26; OS, HR = 1.00,
95% CI = 0.61–1.66, P = 0.99), Fig. 4F.

Main results: best overall response by tumor PD-L1
determined in different metastatic sites
Analysing the correlation of BOR upon PD-1-based ICI
therapy with tumor PD-L1 expression assessed in tissue
samples from different metastatic sites, tumor PD-L1
quantified from LN metastases revealed the highest
correlation compared to PD-L1 quantified from skin/SC
metastases or organ metastases (Figure S2 and S3B,
Table S2).

Patients with an evaluable BOR upon first PD-1-
based ICI, whose PD-L1 expression was quantified in
tissue from LN metastases (n = 112), were classified as
PD-L1 positive in 56 cases (50%). Of these, 21/56
(37.5%) showed an objective response (CR/PR), and 35/
56 (62.5%) did not respond (SD/PD). Of the 56 patients
who were classified as PD-L1 negative based on tissue
from LN metastases, 9/56 (16.1%) showed an objective
response and 47/56 (83.9%) showed no response.
Overall, patients with PD-L1 positive LN metastases
were statistically significantly more likely to respond to a
PD-1-based ICI therapy (OR = 0.319; 95%
CI = 0.138–0.762; P = 0.010), Figure S2A. Accordingly,
multivariate analysis revealed tumor PD-L1 expression
determined in LN metastases as statistically significant
independently correlated with therapy response
(HR = 0.32; 95% CI = 0.11–0.93; P = 0.037), Figure S2C.

Out of n = 150 patients with an evaluable BOR,
whose PD-L1 expression was quantified in tissue from
skin/SC metastases, 50 cases (33.3%) were classified as
PD-L1 positive. Of these, 18/50 patients (36.0%) showed
an objective response (CR/PR) and 32/50 (64.0%) did
not respond. Among the n = 100 patients classified as
PD-L1 negative on tissue from skin/SC metastases, 27
(27.0%) showed an objective response and 73 (73.0%)
showed no response. Taken together, we found no
statistically significant difference in response to a
PD-1-based ICI therapy between patients with PD-L1
positive versus negative skin/SC metastases
(OR = 0.656; 95% CI = 0.311–1.341; P = 0.26),
Figure S2B. Also, multivariable analysis did not show
tumor PD-L1 expression assessed in skin/SC metastases
as statistically significant independently correlated with
therapy response (HR = 0.69; 95% CI = 0.30–1.58;
P = 0.38), Figure S2D.

In n = 85 patients with an evaluable BOR, pre-
treatment tumor PD-L1 expression was quantified in
tissue from organ metastases (lung, liver, brain, bone,
soft tissue, renal; for details see Figure S3A). Among
these patients, 34 (40.0%) cases were classified as PD-L1
positive, and showed an objective response rate of
35.3%. The n = 51 patients classified as PD-L1 negative
had an objective response rate of 19.6%. There was a
trend towards better treatment response in patients
tested as PD-L1 positive in tissue from organ metastases
which did not reach statistical significance (OR = 0.447;
95% CI = 0.177–1.235; P = 0.13; Figure S3B). Accord-
ingly, the PFS and OS of this patient group revealed a
trend, but no significant difference, by PD-L1 expression
determined in tissue from organ metastases
(PFS=HR=0.614; 95% CI = 0.369–1.023; P = 0.068;
Figure S3C; OS=HR=0.642; 95% CI = 0.380–1.085;
P = 0.105; Figure S3D).

Other analyses: PD-L1 in other distant organ
metastases and its correlation with survival
outcomes upon PD-1-based ICI therapy
Less frequently, organ metastases (n = 85) were sent in
for PD-L1 analysis. PFS and OS were calculated based
on PD-L1 expression for patients tested in lung metas-
tases (n = 35), liver metastases (n = 13), brain metastases
(n = 20), and soft tissue metastases (n = 12). Calculation
of PFS of bone metastases (n = 3) and renal metastases
(n = 2) was waived due to very low case numbers.
Overall, there was no statistically significant longer PFS
or OS for any of the metastatic sites studied
(Figure S4A–H). However, relevant differences in sur-
vival (PFS and OS) by PD-L1 expression were seen for
patients in whom PD-L1 was quantified in liver or brain
metastases (Figure S4C–F) though not reaching statis-
tical significance due to small numbers, whereas no
relevant differences were observed for patients in whom
PD-L1 was quantified in lung or soft tissue metastases
(Figure S4A, B, G and H).
Discussion
The clinical value of tumor PD-L1 expression as a pre-
dictive marker of therapy outcome to PD1-based ICI in
melanoma remains controversial. Difficulties in the
quantification of PD-L1 in melanoma arise from the
high melanin content of a significant number of tumor
specimens and from the spatial heterogeneity of PD-L1
expression leading to a high interobserver variability.
We recently reported that these difficulties could at least
in part be overcome by digital quantification of PD-L1
expression in melanoma tissue samples, clearly
demonstrating a superior treatment outcome for
www.thelancet.com Vol 96 October, 2023
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patients with PD-L1 positive tumors.22 Our results are in
line with those of large clinical trials examining the ef-
ficacy of ICI in melanoma patients which also showed a
moderate but significant treatment benefit for patients
whose tumor tissue was classified as PD-L1 positive.
However, the extent to which the type of tumor tissue
studied (primary tumor, different sites of metastasis)
affects the predictive value of the tumor PD-L1 expres-
sion detected, has not been investigated systematically
in melanoma so far. For NSCLC it has been described
that the PD-L1 expression differs significantly between
biopsies and thereafter surgically resected whole tumor
specimens of the same patient.23 Additionally, NSCLC
tumors were shown to harbour different PD-L1 expres-
sion in different metastatic sites.24 A study comparing
PD-L1 expression determined in primary tumors and
paired metastases of the same patient in various cancer
entities revealed a high frequency of discordance,
whereas the TMB was found to be unchanged.25

In melanoma, it has already been described that tu-
mor PD-L1 expression is frequently discordant between
primary tumors and metastases of the same patient, as
well as between intra-patient metastases,26 an observa-
tion which we can confirm with the results of our pre-
sent study. To address this relevant issue, we compared
the correlation of tumor PD-L1 determined in different
types of pre-therapeutically obtained tumor tissue with
PD1-based ICI therapy outcome. For this purpose we
chose the large tissue collection of the prospective real-
world multicenter patient cohort of the ADOREG/TRIM
study of the DeCOG, because for this study various
types of tumor tissue samples, from primary tumors
and from different sites of metastases, were sent in for
pre-treatment molecular analysis.

Key results
First, we compared tumor PD-L1 assessed in primary
tumors with that determined in metastases. Here, we
found similar frequencies of PD-L1 positivity and only
moderate differences in the correlation with the
outcome of PD1-based ICI between the two groups. In a
next step, we compared the outcome correlation of tu-
mor PD-L1 determined in different sites of metastases.
Here we observed that, in addition to primary tumors,
LN metastases and skin/SC metastases were the most
frequently sent in tissue materials for pre-treatment PD-
L1 quantification. Overall, LN metastases were signifi-
cantly more often classified as PD-L1 positive than skin/
SC metastases. Unexpectedly, there were marked dif-
ferences in the outcome correlation of tumor PD-L1
assessed in these two metastatic sites. Patients in
whom tumor PD-L1 examination had been performed
in LN metastases showed significantly longer PFS and
OS if they were classified as positive, whereas patients
with tumor PD-L1 positivity determined in skin/SC
metastases showed no survival benefit compared to pa-
tients who were classified as negative in the same tissue
www.thelancet.com Vol 96 October, 2023
type. A similar correlation was found when examining
tumor PD-L1 for PD-1-based ICI treatment response.
Again, tumor PD-L1 classification assessed in LN me-
tastases revealed a good correlation with treatment
response, whereas tumor PD-L1 quantified in skin/SC
metastases did not appear to be associated with
response. Interestingly, our findings detected in mela-
noma did not match previous findings made in NSCLC.
Here, tumor PD-L1 determined in primary tumors of
the lung as well as in distant organ metastases was
associated with ICI therapy outcome, whereas PD-L1
measured in LN metastases was not associated with
either response or survival.24

The question now is, why in melanoma the treat-
ment outcome association of tumor PD-L1 determined
in LN metastases and skin/SC metastases shows such
large differences. One explanation may lie in the high
intratumoral heterogeneity of melanoma and its distinct
metastatic niches, as evidenced by genetic, epigenetic,
and metabolic heterogeneity of tumor cell clones,
among other factors.27 Following this notion, it is
conceivable that skin metastases originate from specific
cell clones that, due to their specific characteristics
exhibit exclusively skin metastases and might be unable
to settle to other organs. In contrast, tumor cells that
reached the LNs have the ability to spread to internal
organs. In this context, it appears comprehensible that
the PD-L1 expression of the tumor cell clones in the
skin/SC metastases has no predictive value for survival
in comparison to the PD-L1 expression of the tumor cell
clones in LN metastases. Another factor contributing to
the diffferences observed might be the long-standing
observation that a tumor’s PD-L1 expression depends
on its infiltration by lymphocytes.28 To this regard, it can
be assumed that the tumor microenvironment of skin/
SC metastases differs significantly from that of primary
tumors or LN metastases, particularly with concern to
an overall lower infiltration with T lymphocytes. Dif-
ferences in immune cell infiltration and antigen
expression according to the metastatic site have been
reported for melanoma patients.29,30 Since T cell infil-
tration and PD-L1 expression of tumors are known to be
correlated, this hypothesis fits well with the fact that
skin/SC metastases are less likely to be PD-L1 positive.
A recent study on melanoma patients treated with the
CTLA-4 inhibitor ipilimumab revealed that the HLA-
class-I expression on tumor cells significantly differs
between LN and skin/SC metastases.31 Herein, the au-
thors describe that the HLA-class-I expression level in
LN metastases, but not in skin/SC metastases, was
significantly correlated to the density of tumor-
infitrating T cells and to the outcome of ICI therapy
with ipilimumab. Further comparative immunohisto-
chemical and molecular studies are needed to further
investigate this notion and uncover the underlying
mechanisms. Another study demonstrated that high
glycosylation of PD-L1 in different cancer entities might
11
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decrease the predictive value of this marker because it
cannot be properly detected.32 It would therefore be
interesting to investigate whether PD-L1 is glycosylated
in differential extent in lymph node versus skin
metastases.

Limitations/interpretation
The present study has limitations to be noted. First,
tumor PD-L1 analysis was performed in a semi-
quantitative mode, as positive (≥5%) or negative (<5%).
Furthermore, the PD-L1 analysis for this study was not
performed digitally but by physicians/histopathologists,
which reflects the current routine in the clinical setting,
but means that interpersonal heterogeneity in the
assessment cannot be ruled out. Moreover, some
covariates such as overall performance status by ECOG
were missing in a relevant number of patients, resulting
in a limitation of these covariates for the multivariate
analyses. For some subgroup analyses patient numbers
were small, but are still shown due to their importance
as hypothesis-generating cohorts. Due to the retrospec-
tive nature of the study, the subgroups showed a
different distribution of possible confounders such as
the location of the primary tumor, for example, mucosal
melanomas showed cutaneous metastasis significantly
less frequently. Furthermore, patients whose lymph
node metastases were analyzed received anti-PD1
monotherapy statistically significantly more often than
patients whose primary tumors were analyzed. How-
ever, there was no statistically significant difference in
the type of ICI administered between patients analyzed
on lymph node metastases versus skin metastases.

Generalisability/interpretation
The major strengths of this study are its high number of
patients enrolled with pre-treatment tumor tissue sam-
ples evaluable for molecular analysis, as well as the real-
world nature of the study. The latter ensures that not
only the often highly selected trial populations but also
trial-ineligible patients better reflecting the situation in
the clinics are represented.33 Most importantly, the site
of origin of the tumor tissue sample sent in for analysis
was documented for every patient enrolled, enabling the
detailed analysis of a correlation between the type of
tumor tissue examined and the predictive value of its
tumor PD-L1 expression. This advantage highlights our
study compared to regular clinical trial reports on the
association between therapy outcome and tumor PD-L1
status, which usually do not mention the tissue type
used for PD-L1 classification. Finally, this study was
designed multicentric, which ensures that the methods
used cannnot only be applied to tissue samples collected
at one single institution, but showed to provide valid
results also if sent in from multiple institutions.

In summary, the present study shows that the
correlation of pre-treatment tumor PD-L1 with the
outcome of a subsequent PD-1-based ICI therapy varies
considerably depending on the type of tumor tissue
examined. While tumor PD-L1 determined in LN me-
tastases, organ metastases and primary tumors is well
suitable for stratifying patients with respect to ICI
therapy outcome, PD-L1 assessed in skin/SC metastases
shows only limited outcome correlation. We therefore
conclude, that in the clinical setting metastases to the
skin or subcutis, despite their ease of access to surgical
procedures, can not be recommended for use in therapy
decision making based on their tumor PD-L1 expres-
sion. However, further comparative molecular analyses
of primary tumors, skin/SC metastases and LN metas-
tases are required to provide further insights into the
tissue-specific mechanisms underlying these differ-
ences in therapy outcome prediction.
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