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ABSTRACT

Background Skin cancers are known for their strong
immunogenicity, which may contribute to a high treatment
efficacy of immune checkpoint inhibition (ICI). However,
a considerable proportion of patients with skin cancer

is immuno-compromised by concomitant diseases. Due
to their previous exclusion from clinical trials, the ICI
treatment efficacy is poorly investigated in these patients.
The present study analyzed the ICI treatment outcome in
advanced patients with skin cancer with a concomitant
hematological malignancy.

Methods This retrospective multicenter study included
patients who were treated with ICI for locally advanced
or metastatic melanoma (MM), cutaneous squamous cell
carcinoma (cSCC), or Merkel cell carcinoma (MCC), and
had a previous diagnosis of a hematological malignancy
irrespective of disease activity or need of therapy at

ICI treatment start. Comparator patient cohorts without
concomitant hematological malignancy were extracted
from the prospective multicenter skin cancer registry
ADOREG. Treatment outcome was measured as best
overall response, progression-free (PFS), and overall
survival (0S).

Results 84 patients (MM, n=52; ¢SCC, n=15; MCC,
n=17) with concomitant hematological malignancy were
identified at 20 skin cancer centers. The most frequent
concomitant hematological malignancies were non-
Hodgkin’s lymphoma (n=70), with chronic lymphocytic
leukemia (n=32) being the largest entity. While 9 patients
received ICI in an adjuvant setting, 75 patients were
treated for advanced non-resectable disease (55 anti-
PD-1; 8 anti-PD-L1; 5 anti-CTLA-4; 7 combinations). In
the latter 75 patients, best objective response (complete
response+partial response) was 28.0%, disease
stabilization was 25.3%, and 38.6% showed progressive
disease (PD). Subdivided by skin cancer entity, best
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objective response was 31.1% (MM), 26.7% (cSCC), and
18.8% (MCC). Median PFS was 8.4 months (MM), 4.0
months (cSCC), and 5.7 months (MCC). 1-year OS rates
were 78.4% (MM), 65.8% (cSCC), and 47.4% (MCC).
Comparison with respective ADOREG patient cohorts
without hematological malignancy (n=392) revealed no
relevant differences in ICl therapy outcome for MM and
MCC, but a significantly reduced PFS for ¢cSCC (p=0.002).
Conclusions ICI therapy showed efficacy in advanced
patients with skin cancer with a concomitant
hematological malignancy. Compared with patients without
hematological malignancy, the observed ICI therapy
outcome was impaired in ¢SCC, but not in MM or MCC
patients.

BACKGROUND

The introduction of immune checkpoint
inhibitors (ICI) led to a tremendous change
in the therapeutic management of advanced
skin cancer. Previous to the ICI era, in
Germany these standard therapies consisted
mainly of different chemotherapies with or
without combination with targeted agents.
Patients with advanced malignant melanoma
(MM) were treated with dacarbazine or temo-
zolomide as single agents, or with combina-
tion chemotherapies like carboplatin plus
paclitaxel or gemcitabine plus treosulfan;
patients with advanced cutaneous squamous
cell carcinoma (cSCC) received carboplatin,
cisplatin, paclitaxel, or capecitabine as single
agents or in combination with cetuximab; and
patients with advanced Merkel cell carcinoma
(MCC) were mainly treated with doxorubicin,
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paclitaxel, carboplatin, or etoposide as single agents or
in combination. The objective response rates to standard
therapies ranged between 10% and 20%, with only short
durations of response and limited patient survival."® The
ICI, particularly inhibitors of the PD-1/PD-L1 checkpoint
(nivolumab, pembrolizumab, avelumab, cemiplimab),
demonstrated strong treatment efficacies within clinical
trials in MM,7 8 CSCC,9 and MCC.'* ! Approval of PD-1/
PD-L1 ICI was gained for nivolumab and pembrolizumab
for MM, cemiplimab for ¢SCC, as well as avelumab and
pembrolizumab for MCC. For MM, the CTLA-4 anti-
body ipilimumab is also approved as single agent and in
combination with nivolumab. Response rates to first-line
PD-1/PD-L1 ICI monotherapy amount to approximately
40% in MM, 50% in cSCC, and 50%-70% in MCC.™"
The high proportion of responders and the long dura-
tion of response observed in all three skin cancer entities
might be based at least in part on their high immuno-
genicity caused by an UV-associated carcinogenesis
which results in a high mutational burden and/or by a
viral carcinogenesis.’ ' However, these high treatment
efficacies have only been demonstrated for immuno-
competent patients, since the immuno-compromised
patients were generally excluded from participation in
clinical trials. The therapeutic efficacy of ICI in immuno-
compromised patients with skin cancer has therefore
not yet been studied. In real-world populations, though,
patients who are immuno-compromised by various
causes such as concomitant malignancies, immunolog-
ical disorders, or immuno-suppressive drug therapies
represent a significant subgroup of patients with skin
cancer. In addition, cSCC and MCC are known for their
10-fold increased incidence and their aggressive course
of disease in immuno-compromised individuals."”” Our
present study investigated real-world ICI treatment
outcomes in advanced patients with skin cancer who are
immuno-compromised by concomitant hematological
malignancies.

METHODS

Patient registry

Patients presenting at academic cancer centers of the
German Dermatologic Cooperative Oncology Group
(DeCOG) between June 1, 2014 and May 31, 2019 were
retrospectively identified according to the following inclu-
sion criteria: histologically confirmed locally advanced or
metastatic melanoma (MM), ¢SCC, or MCC, treated for
their skin cancer disease with ICI (anti-PD-1; anti-PD-L.1;
anti-CTLA-4) as single agents or in combination; previous
diagnosis of any hematological malignancy irrespective of
its disease activity or need of therapy at start of ICI treat-
ment for advanced skin cancer (this status was defined as
“concomitant hematological malignancy”); detailed infor-
mation on patient history including prior treatments; and
follow-up information after start of ICI therapy. Data were
extracted from local electronic patient files and captured
within a central electronic data registry. Based on their

relative frequency in this study, the hematological malig-
nancies were assigned to three groups: chronic lympho-
cytic leukemia (CLL), other non-Hodgkin’s lymphoma
(NHL), and other (comprising all other entities not
belonging to the previous two categories). Only the first
ICI therapy received for advanced skin cancer was consid-
ered for this analysis. For all patient cohorts, treatment
response was determined as best overall response recorded
from the start of ICI treatment until disease progression
or death, and was evaluated according to Response Eval-
uation Criteria in Solid Tumors (RECIST)." During ICI
therapy, the patients underwent regular staging proce-
dures consisting of imaging techniques as CT, MRI or
positron emission tomography-CT every 3months. If
there was suspicion of disease progression, staging was
done earlier. Progression-free (PFS) and overall survival
(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).
Median follow-up times were calculated from start of ICI
therapy until last observation or death.

Statistical analysis

To check comparability between disease groups, clinical
and demographic patient characteristics were evaluated.
Numerical variables were described by median and IQR;
patient cohorts were compared using Wilcoxon rank-sum
test and two-sided y tests, as appropriate. Survival prob-
abilities with 95% CIs were calculated using the 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
analyzes were performed with the statistical software SPSS
V.21. Data analyzes for the patient cohorts with concom-
itant hematological malignancy were conducted from
October 15, 2019 to December 15, 2019. Data analyzes
for the comparator patient cohorts without concomitant
hematological malignancy were done in August 2020.

RESULTS

Patient characteristics

A total of 84 patients with concomitant hematological
malignancy were identified at 20 skin cancer centers
according to the above described selection criteria;
52 patients with MM, 15 with ¢SCC, and 17 with MCC
(table 1, figure 1). The median follow-up times were
8.7 months (IQR: 3.9-23.8) for MM, 6.2 months (IQR:
2.4-13.7) for ¢SCC, and 8.2 months (IQR: 4.0-13.2) for
MCC. A total of nine patients received adjuvant treat-
ment, of these eight patients suffered from MM, and
one patient from MCC. For adjuvant ICI treatment, the
median follow-up time was 3.4 months (IQR: 1.3-5.7) for
MM patients, and 10.9 months for the MCC patient. For
non-adjuvant ICI therapy, the median follow-up time was
13.5 months (IQR: 5.0-24.6) for MM, 6.2 months (IQR:
2.4-13.7) for ¢SCC, and 7.4 months (IQR: 3.8-14.2)
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Table 1 Patient characteristics

Hematological malignancy N (%) No hematological malignancy N (%) P value
MM (total) 52 (100%) 257 (100%)
Gender 0.23
Male 37 (71.2%) 157 (61.1%)
Female 15 (28.8%) 100 (38.9%)
Age at diagnosis of skin cancer n.s.
Median (IQR) 72.5 years (59.0-76.0) 67.0 years (53.0-75.0)
Primary site of skin cancer 0.38
Head and neck 13 (23.1%) 51 (19.8%)
Trunk 21 (40.4%) 97 (37.7%)
Extremities 12 (23.1%) 48 (18.6%)
Mucosa/others 2 (3.8%) 27 (10.4%)
Unknown primary 4 (7.6%) 34 (13.2%)
Median follow-up time (months, IQR) 8.7 (3.9-23.8) 15.0 (6.0-28.0) n.s.
cSCC (total) 15 (100%) 59 (100%)
Gender
Male 12 (80%) 41 (69%) 0.65
Female 3 (20%) 18 (831%)
Age at diagnosis of skin cancer n.s.
median (IQR) 76.0 years (70.0-78.0) 77.0 years
(71.0-81.0)
Primary site of skin cancer 0.79
Head and neck 13 (86.7%) 43 (72.9%)
Trunk 2 (13.3%) 9 (15.3%)
Extremities 0 (0.0%) 5 (8,5%)
Mucosa 0 (0.0%) 1(1.7%)
unknown primary 0 (0.0%) 1(1.7%)
Median follow-up time (months, IQR) 6.2 (2.3-13.4) 6.0 (3.1-13.2) n.s.
MCC (total) 17 (100%) 76 (100%)
Gender 0.82
Male 12 (70.6%) 53 (69.7%)
Female 5 (29.4%) 23 (30.3%)
Age at diagnosis of skin cancer n.s.
Median (IQR) 70.0 years (63.0-78.5) 71.0 years (62.7-78.0)
Primary site of skin cancer 0.61
Head and neck 5(29.4%) 20 (26.3%)
Trunk 4 (23.5%) 13 (17.1%)
Extremities 7 (41.2%) 29 (38.2%)
Unknown primary 1(5.9%) 14 (18.4%)
Median follow-up time (months, IQR) 8.2 (4.0-13.2) 11.4 (4.1-19.1) n.s.

Characteristics of all investigated patients treated with immune checkpoint inhibition (ICI) for advanced skin cancer. Comparisons are given with
respective p values for each skin cancer entity in n=84 patients with and n=392 patients without concomitant hematological malignancy. Percentages
are given per column. Median follow-up times were calculated from start of ICI therapy until last observation or death.

¢SCC, cutaneous squamous cell carcinoma; MCC, Merkel cell carcinoma; MM, malignant melanoma.

for MCC. The comparator real-world cohorts without
concomitant hematological malignancy comprised 257
patients with MM, 59 patients with ¢SCC, and 76 patients
with MCC (table 1). The median follow-up times were
15.0 months (IQR: 6.0-28.0) for MM, 6.0 months (IQR:

3.1-13.2) for ¢SCC, and 11.4 months (IQR: 4.1-19.1) for
MCC. No significant differences were detected within
each skin cancer entity between patient cohorts with and
without concomitant hematological malignancy (table 1).
Within the patients with skin cancer with concomitant
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PATIENT REGISTRY

84 patients

- histologically confirmed skin cancer (melanoma, MM; cutaneous squamous cell
carcinoma, cSCC; or Merkel cell carcinoma, MCC)
immune checkpoint inhibitor (ICl) therapy for locally advanced or metastatic
skin cancer disease
previous diagnosis of hematologic malignancy
complete documentation of disease history and follow-up

MM cSccC Mcc
52 patients 15 patients 17 patients
- 3locally advanced - 4locally advanced - 1 locally advanced
- 49 metastatic - 11 metastatic - 16 metastatic

ADJUVANT ICI THERAPY

9 patients
- 8MM, 1MCC

A4

ICI THERAPY FOR NON-RESECTABLE DISEASE

75 patients
MM cScC mcc
44 patients 15 patients 16 patients
- 3locally advanced - 4 locally advanced - 0locally advanced
- 41 metastatic - 11 metastatic - 16 metastatic

analysis for best overall response, progression-free (PFS) and overall (OS) survival

Figure 1 Schematic presentation of the registry and
study flow for patients with skin cancer with concomitant
hematological malignancy.

hematological malignancy, differences in the primary
localization were observed between skin cancer entities as
expected (p=0.006; online supplemental table S1): most
¢SCC were localized on the head and neck (86.7%), MM
were predominantly localized on the trunk (40.4%), and
MCC were most often found on the extremities (41.2%).
No significant differences between skin cancer entities
were found for gender (p=0.78), type of hematological
malignancy (p=0.30), age at diagnosis of skin cancer
(p=0.28), age at diagnosis of hematological malignancy
(p=0.81), or type of treatment (non-resectable disease vs
adjuvant; p=0.18).

Hematological malignancies

The most common concomitant hematological malignan-
cies in the total patient cohort (n=84) were NHLs (n=70;
83.3%), with CLL being the largest single entity (n=32;
38.1%). Thus, for further analyzes we differentiated CLL
from other NHL (n=38; 45.2%) (table 2). Hematological
malignancies other than NHL (Hodgkin’s lymphoma,
n=3; polycythemia vera, n=3; acute myeloid leukemia,
n=2; myelodysplastic syndrome, n=2; chronic myeloid
leukemia, CML, n=2; systemic mastocytosis, n=1; and
myelofibrosis, n=1) were less frequent and were therefore
summarized in the category “other” (n=14; 16.7%). The
frequencies of these three categories of hematological
malignancies were balanced between the three skin cancer
entities (p=0.30), while a higher rate of concomitant CLL
was observed in ¢SCC (53.3%) and MCC (47.1%) as
compared with MM (30.2%) (table 2). Significant differ-
ences between the hematological disease categories were
found in the disease-specific therapies: while 71.9% of
CLL patients had not received any systemic treatment for
their hematological malignancy prior to the start of ICI for
their cutaneous malignancy, 57.9% of other NHL patients
and 71.4% of patients with other hematological entities
had received at least one therapy for their hematological
malignancy (p=0.008; online supplemental table S2).
All patients were undergoing close clinical surveillance
by their hemato-oncologists. Obvious differences were
also present in the type of therapy for their hematolog-
ical malignancy: unlike the other two disease categories,
55.7% of other NHL patients had received at least one
chemotherapy before the start of ICI treatment, 44.7%
had received rituximab, and 36.8% had received cortico-
steroids (p=0.07, p=0.001, and p=0.04, respectively). No
relevant differences were observed between hematolog-
ical disease categories with regard to radiotherapy and
stem cell transplantation (p=0.10, p=0.35; online supple-
mental table S2). At initiation of ICI therapy, only four
patients (4.8%; n=1 with CLL; n=1 with other NHL; and
n=2 with other hematological malignancies) received

Table 2 Characteristics of patients with concomitant hematological malignancy

MM cSCC MCC
N (%) N (%) N (%) P value
Total 52 (100%) 15 (100%) 17 (100%)
Hematological malignancy 0.30
CLL 16 (30.2%) 8 (53.3%) 8 (47.1%)
NHL 28 (53.8%) 5 (33.3%) 5(29.4%)
other 8 (15.4%) 2 (13.3%) 4 (23.5%)
Age at diagnosis of hematological 0.81

malignancy
Median (IQR)

68.0 years (58.7-76.0)

66.0 years (59.2-73.0) 68.0 years (46.7-73.0)

Characteristics of the total n=84 patient cohort. Percentages are given per column.

Hematological malignancies were categorized as chronic lymphocytic leukemia (CLL), other non-Hodgkin’s lymphoma (NHL), and other
(comprising all other entities not belonging to the previous two categories).

¢SCC, cutaneous squamous cell carcinoma; MCC, Merkel cell carcinoma; MM, malignant melanoma.
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ongoing treatment for their hematological disease
(p=0.19; online supplemental table S2). All other patients
had no indication for an active treatment of their hema-
tological malignancy at start of ICI therapy. Notably, in
the respective four patients, a progression of the hemato-
logical malignancy under ICI therapy was not reported.

Patient characteristics at ICI treatment start

At baseline of ICI therapy, the three skin cancer entities
showed differences in terms of tumor load and stage of
disease (p=0.08; online supplemental table S3). 26.7% of
¢SCC patients were treated for locally advanced disease,
but only 5.8% of MM and 5.9% of MCC patients, respec-
tively. 15.4% of MM, 5.9% of MCC, and none of ¢SCC
patients received ICI therapy in the adjuvant setting.
Regarding metastatic sites, 73.1% of MM patients showed
visceral metastasis at ICI therapy start, whereas these were
presentin only 46.7% of cSCC and 52.9% of MCC patients
(p=0.002; online supplemental table S3). No relevant
differences between the skin cancer entities were found
regarding serum lactate dehydrogenase (LDH) levels
(p=0.28) and presence, type, and number of skin cancer-
specific systemic pre-treatments (p=0.29, p=0.39, 0.32;
online supplemental table S3). ¢SCC and MCC patients
received radiotherapy of their skin cancer disease more
frequently than patients with MM (53.3%, 47.1%, and
17.0%; p=0.031; online supplemental table S3). The stage
of the concomitant hematological malignancy at start of
ICI therapy for non-resectable skin cancer is provided
in online supplemental table S4. Detailed characteris-
tics of skin cancer disease at start of ICI therapy for both
cohorts, patients with and without concomitant hemato-
logical malignancy, are provided in online supplemental
table S5.

Response to checkpoint inhibition therapy

Of the total n=84 patients, n=9 received ICI therapy in an
adjuvant setting, and n=75 for non-resectable skin cancer
disease. Of the latter, n=b5 received PD-1 ICI, n=8 PD-L.1
ICI, n=5 CTLA-4 ICI, and n=7the combination of PD-1
plus CTLA-4 ICI. While only MCC patients were treated
with PD-L1 ICI, CTLA-4 ICI was received by MM patients
only (p<0.0001; table 3). Best overall response to ICI
in the patient cohort treated for non-resectable disease
was objective response (complete response (CR)+partial
response (PR)) 28.0%, disease stabilization (SD) 25.3%,
and progressive disease (PD) 38.6% (table 3). In six
patients (8.0%) a clear assessment of best overall response
was not possible (not evaluable). The disease control rate
(CR+PR+SD) was 53.3%. The tumor-specific objective
response rates (CR+PR) were 31.8% for MM, 26.7% for
¢SCC, and 18.8% for MCC (p=0.76; table 3). The best
overall response to ICI therapy categorized according to
the respective hematological malignancies did not show
differences between the respective disease types and is
presented in online supplemental table S6. On progres-
sion to ICI therapy, 31 patients underwent further treat-
ment lines (table 3). Sixteen were MM patients of whom

ten received another type of immunotherapy. For ¢SCC,
seven patients received subsequent treatment, whereof
five received chemotherapy. In the case of MCC, eight
patients underwent further treatment, five of which
received another type of immunotherapy.

Survival under checkpoint inhibition therapy

After a median follow-up time of 8.4 months, the median
PFS after start of ICI therapy was 7.3 months (95% CI
3.6 to 10.9) for the total patient cohort (n=84); its 1-year
PFS rate was 32.3% (95% CI 20.6 to 44.6). Of the n=75
patients treated with ICI for non-resectable skin cancer,
25 (33.3%) had died. Of those, n=13 (29.5%) were MM
patients, n=5 (33.3%) cSCC patients, and n=7 (43.8%)
MCC patients; p=0.39 (table 3). Cause of death was the
skin cancer disease in most cases; only 12.0% of deaths
occurred due to hematological malignancy with no
relevant differences between the skin cancer entities
(p=0.30; table 3). In patients treated with ICI for non-
resectable disease, the median PFS was 6.3 months (95%-
CI=2.5;10.0), the 1-year PFS rate was 30.0% (95% CI 18.7
to 41.3), the median OS was not reached, and the l-year
OS rate was 69.1% (95% CI 574 to 80.8). Comparing the
three skin cancer entities within the cohort of patients
treated for non-resectable disease, the median PFS was 8.4
months (95% CI 3.9 to 12.8) for MM, 5.7 months (95% CI
0.7 to 10.7) for MCC, and only 4.0 months (95% CI 0.3
to 7.9) for cSCC (table 3; figure 2A). Similarly, the 1year
PFS rate was 34.7% for MM, 35.3% for MCC, but only
11.8% for ¢SCC. l-year OS rates were 78.4% (MM),
47.4% (MCC), and 65.8% (cSCC) (table 3; figure 2B).
Neither relevant survival differences were found between
patients grouped according to the type of their hemato-
logical malignancy (figure 2C,D), nor to the presence or
absence of a previous systemic treatment of this hema-
tological malignancy (data not shown). Abnormal blood
counts, elevated or decreased from normal ranges, in
patients with concomitant hematological malignancy (see
online supplemental table S7) at baseline of ICI therapy
did not correlate with survival outcomes in these patients
(data not shown).

Comparison with real-world patient cohorts without
hematological malignancy

Comparison of the ICI therapy outcome data of patients
with concomitant hematological malignancy with real-
world data of patient cohorts without hematological malig-
nancy revealed no relevant differences for MM and MCC
concerning PFS and OS on ICI treatment (see table 3,
figure 3). For ¢SCC, the PFS was significantly reduced in
patients with a concomitant hematological malignancy as
compared with patients without (median 4.0 months vs
not reached; p=0.002; table 3, figure 3). For OS no signif-
icant differences were found for either MM, MCC, and
¢SCC. Also, no significant differences were found for best
overall response between the respective patients cohorts
with and without concomitant hematological malignancy
(table 3).
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Table 3 Characteristics and outcome of immune checkpoint inhibition therapy for non-resectable skin cancer

MM cSCC MCcC
Hemato Mal No Hemato Hemato Mal No Hemato Hemato Mal No Hemato
N (%) Mal N (%) P value N (%) Mal N (%) P value N (%) Mal N (%) P value

Total 44 (100%) 257 (100%) 15 (100%) 59 (100%) 16 (100%) 76 (100%)

Therapy type <0.001 0.84 0.58
Anti-PD-1 32 (72.7%) 178 (69.3%) 15 (100%) 57 (96.6%) 8 (50.0%) 30 (39.5%
Anti-PD-L1 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 8 (50.0%) 46 (60.5%)
Anti-CTLA-4 5 (11.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Combinations 7 (15.9%) 79 (30.7%) 0 (0.0%) 2 (3.4%) 0 (0.0%) 0 (0.0%)

Best overall 0.17 0.46 0.77

response
CR 2 (4.5%) 23 (8.9%) 1(6.7%) 8 (13.6%) 0 (0.0%) 19 (25.0%)

PR 12 (27.3%) 47 (18.3%) 3 (20.0%) 12 (20.3%) 3 (18.8%) 20 (26.3%)

SD 11 (25.0%) 59 (23.0%) 4 (26.7%) 12 (20.3%) 4 (25.0%) 1(14.5%)

PD 14 (31.8%) 128 (49.8%) 7 (46.7%) 15 (25.4%) 8 (50.0%) 26 (34.2%)

NE 5 (11.4%) 0 (0.0%) 0 (0.0%) 12 (20.3%) 1(6.3%) 0 (0.0%)

Objective 14 (31.8%) 70 (27.2%) 0.66 4 (26.7%) 20 (33.8%) 0.82 3 (18.8%) 39 (51.3%) 0.035
response

Disease control 25 (56.8%) 129 (50.2%) 0.52 8 (53.3%) 32 (54.2%) 0.82 7 (43.8%) 50 (65.7%) 0.17

Disease progression 0.056 0.032 0.95
Yes 29 (65.9%) 126 (49.0%) 1(73.3%) 18 (30.5%) 10 (62.5%) 44 (57.9%)

No 15 (34.1%) 131 (50.9%) 4 (26.7%) 30 (50.8%) 6 (37.5%) 32 (42.1%)
NE 0 (0.0%) 0 (0.0%) 0 (0.0%) 11 (18.6%) 0 (0.0%) 0 (0.0%)

Consecutive therapy 0.10 0.26 0.076
None 28 (63.6%) 136 (52.9%) 8 (53.3%) 28 (47.5%) 8 (50.0%) 38 (50.0%)
Immunotherapy 11 (25.0%) 66 (25.7%) 1(6.7%) 3 (5.1%) 5 (31.2%) 5 (6.5%)

Targeted therapy 1 (2.3%) 28 (10.9%) 1(6.7%) 3(5.1%) 0 (0.0%) 0 (0.0%)
Chemotherapy 2 (4.5%) 22 (8.6%) 5 (33.3%) 4 (6.8%) 2 (12.5%) 13 (17.1%)
Other/NE 3 (6.8%) 5(1.9%) 0 (0.0%) 21 (35.5%) 1(6.2%) 20 (26.2%)

Death 0.056 0.38 0.88
Yes 13 (29.5%) 119 (46.3%) 5 (33.3%) 11 (18.6%) 7 (43.8%) 31 (40.8%)

No 31 (70.5%) 138 (563.7%) 10 (66.7%) 48 (81.4%) 10 (56.3%) 45 (59.2%)

Cause of death - 0.95 0.70
Skin cancer 4 (30.8%) nr 3 (50.0%) 10 (90.9%) 4 (57.1%) 18 (568.1%)
Hematological 2 (15.4%) nr 1(20.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
malignancy
Other/unknown 7 (53.8%) nr 1(20.0%) 1(9.1%) 3 (42.9%) 13 (41.9%)

PFS 0.96 0.002 0.42
Median 8.4 mo(3.9to 5.8mo 4.0mo (0.3to  Not reached 5.7mo (0.7 11.9mo
(95% Cl) 12.8) (8.9t07.8) 7.9) to 10.7) (6.2t0 17.8)
1-year PFS rate 34.7% 38.5% 11.8% 60.4% 35.3% 48.3%

(95% Cl) (19.3t0 50.1) (32.2to 44.7) (0to 31.9) (44.7 t0 76.1) (9.4t061.8) (36.5t0 60.6)

(O} 0.27 0.12 0.61
Median Not reached 27.5 mo 14.9 mo Not reached 11.7 mo 21.1 mo
(95% Cl) (18.1 to0 36.8) (0.1t031.2) (10.3t0 22.4) (16.2t0 25.9)
1-year OS rate 78.4% (65.1 to 70.6% 65.8% (38.2to 74.6% 47.4% (16.1  69.3%

(95% Cl) 91.7) (64.5 to 76.6) 93.4) (60.5 to 88.7) to 78.7) (58.0 to 80.8)

Data for immune checkpoint inhibition (ICI) therapy, outcome and follow-up are given for each skin cancer entity in n=75 patients with and n=392 patients without

concomitant hematological malignancy (Hemato Mal). Treatment response is presented as best response recorded from the start of treatment until disease

progression.

anti-CTLA-4, ipilimumab; anti-PD-1, nivolumab or pembrolizumab; anti-PD-L1, avelumab; CR, complete response; CR+PR, objective response; CR+PR+SD,
disease control; cSCC, cutaneous squamous cell carcinoma; MCC, Merkel cell carcinoma; MM, malignant melanoma; mo, months; NE, not evaluable; nr, not
reported; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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Figure 2 Survival analysis according to the skin cancer
entities melanoma (MM), cutaneous squamous cell
carcinoma (cSCC), and Merkel cell carcinoma (MCC) (A, B),
and to the categories of hematological malignancy chronic
lymphocytic leukemia (CLL), other non-Hodgkin’s lymphoma
(NHL), and other (comprising all other entities not belonging
to the previous two categories) (C, D), respectively, in n=75
patients treated with immune checkpoint inhibition (ICI) for
non-resectable skin cancer. Kaplan-Meier curves showing
the percentage of progression-free (A, C) and overall (B, D)
survival after start of ICI treatment. P values were calculated
using the log rank test.

DISCUSSION
Patients with hematological malignancies are known for their
susceptibility to develop skin cancers of high aggressiveness.
These tumors are characterized by rapid growth and early
metastasis, often showing only limited response to cytotoxic or
targeted therapies.”” An epidemiological analysis in CLL and
other NHL patients revealed an incidence of 1387 per 100,000
person-years for the development of ¢SCC in patients with
other NHL, and of 2225 per 100,000 person-years in patients
with CLL." In CLL patients, the cuamulative recurrence rate
of ¢SCC at 8 years after surgery was 13.4% as compared with
3% in immuno-competent patients.”” This high aggressive-
ness of ¢SCC in CLL patients is also reflected by their higher
rate of metastatic disease and subsequent death from cSCC."®
Similar observations were reported for MM and MCC from
studies analyzing the Surveillance, Epidemiology, and End
Results database'”: in patients with a concomitant CLL,
Brewer and coworkers found an impaired OS for both MM
and MCC patients, as compared with the expected survival
in patients without a hematological comorbidity. These find-
ings were confirmed in a recent study of more than 150,000
patients with lymphoid neoplasms revealing an increased
incidence and mortality for MM in patients with concomitant
CLL and other NHL.'® However, it should be noted that this
comparison is not equivalent across cancers, and studies on
large patient cohorts are needed to gain detailed insights into
these presumed causal relationships.

The high incidence and aggressiveness of skin cancers in
patients with concomitant hematological malignancies has
been mainly attributed to the impaired function of their
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Figure 3 Survival analysis for patients with melanoma (MM)
(A, B), cutaneous squamous cell carcinoma (cSCC) (C, D),
and Merkel cell carcinoma (MCC) (E, F) treated with immune
checkpoint inhibition (ICI) for non-resectable disease. Kaplan-
Meier curves showing the percentage of progression-free (A,
C, E) and overall (B, D, F) survival after start of ICI treatment.
Blue lines are survival curves of patients with concomitant
hematological malignancy; red lines represent survival curves
of the comparator patient cohorts without concomitant
hematological malignancies derived from the real-world
patient registry ADOREG. P values were calculated using the
log rank test.

Months after ICI therapy start

immune system." This is particularly true for CLL patients,
who are characterized by an impaired B cell function and
functional defects of T cell subsets in terms of a decrease
in helper T cell activity and an increase in regulatory T cell
activity, leading to an elevated frequency of both secondary
cancers as well as bacterial and viral infections.'**' Further-
more, malignant CLL cells share phenotypic characteristics
with regulatory B cells suggesting that they might negatively
control Twcell activation and immune response.22 Also, the
immuno-suppressive effects resulting from anticancer treat-
ment for the hematological malignancy, particularly with
chemotherapeutics or corticosteroids, might contribute to
the patients’ immuno-compromised state. This immuno-
compromised state of patients with hematological malignan-
ciesled to the assumption that immune-modulating therapies
using ICI would result in only low or no treatment efficacy in
these patients. This was one of the reasons why these patients
were excluded from clinical trials investigating ICI therapies.

However, there is a high medical need to identify efficacious
treatment options for advanced skin cancers in patients with
concomitant hematological malignancies, as NHL including
CLL is currently the 7th most frequent malignancy world-
wide.”! As data from clinical trials is missing, we collected
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and analyzed a cohort of 84 patients with concomitant hema-
tological malignancies who received ICI for advanced skin
cancer to gather information on treatment outcomes in daily
clinical practice. To the best of our knowledge, this is the
largest collection of such patients to date and was only made
possible by the multicenter study design including 20 large
academic skin cancer centers throughout Germany. This
multicenter patient cohort contained 75 patients treated
for non-resectable disease, who were evaluated in detail for
ICI therapy response and survival. Best objective response
(CR+PR) to ICI was low especially in ¢SCC (26.7%) and MCC
(18.8%) patients as compared with data reported of clinical
trials in comparable patient populations without concomitant
hematological disease (50% and 50%—-70%, respectively).”"!
Interestingly, this strongly impaired treatment response was
not observed to the same extent in MM patients: herein, the
MM patient cohort investigated by us showed a best objec-
tive response of 31.1% as compared with approximately 40%
reported of fully immune-competent patients.”®

As a next step, we intended to investigate the differences
in ICI therapy outcomes of our real-world patient cohort
with concomitant hematological malignacy in comparison
not only to previously published highly selected clinical trial
cohorts, but instead to real-world patient populations as
comparators. Thus, we performed a comparison with the
real-world data of respective MM, ¢SCC, and MCC patient
populations derived from the prospective skin cancer registry
ADOREG. For this analysis, we considered only those patients
of the ADOREG registry, who were treated with ICI without
concomitant hematological malignancy. Herein, we found a
significantly impaired PFS (p=0.002) for c¢SCC patients, but
no relevant difference in survival for MM and MCC patients
(figure 3). Notably, the PFS and OS curves of MM and MCC
patients with or without concomitant hematological malig-
nancies were almost identical. It is apparent, that the real-
world comparator patient cohorts derived from the ADOREG
registry are characterized by a shorter PFS and OS compared
with survival rates from landmark clinical trials. This can be
explained by the well-known inferior treatment outcomes
observed in real-world patient populations compared with
selected populations investigated in randomized clinical
trials.” However, since our study patient population with
concomitant hematological malignancy is a retrospectively
collected real-world cohort, the comparison with the real-
world ADOREG cohort appears to be more appropriate than
the comparison with published clinical trial data.

The differential impact of concomitant hematological
malignancies on ICI treatment outcome in MM and MCC
versus ¢SCC patients may have several reasons. First of all,
¢SCC and also MCC appear to be under a more stringent
immuno-surveillance than MM. Indeed, the relative increase
in incidence in ¢SCC and MCC in immuno-compromised
patients is much higher than for MM.? ®** Thus, it can be
assumed that once these tumors escaped the impaired
immuno-surveillance caused by the hematological neoplasia,
the beneficial effects of ICI therapy in the respective patients
are less pronounced. Next, 15.9% of the MM patients inves-
tigated by us received an ICI combination therapy with

ipilimumab plus nivolumab. This combination therapy was
received by MM patients only, and not by ¢SCC or MCC
patients. It is known to be more efficacious and to result in
longer survival times than PD-1 monotherapy,” so that the
use of this combination in our MM patient cohort might be
one major reason for their favorable therapy outcome. In
patients with CLL, the use of the anti-CTLA-4 antibody ipili-
mumab may actually have an additional mode of action: it
is well established that increased frequencies of CTLA4"C-
D4'CD25"%" regulatory T cells are present in the peripheral
blood of CLL patients”; furthermore, CTLA4 expression
not only mediates proliferation and survival of CLL cells, but
also suppresses the costimulation of T cells.” % Thus, ipilim-
umab may not only deplete regulatory T cells, but also the
immuno-suppressive CTLA4" CLL cells.* Another reason
for the observed differences in therapy outcome may be
the higher frequency of concomitant CLL disease in ¢SCC
(53.3%) compared with MCC (47.1%) and MM (30.2%).
As discussed above, CLL is particularly known for its strong
immuno-suppressive effect, even in stages in which no
specific antileukemic therapy is indicated.'”" Thus, in our
investigated cohort c¢SCC and to a lesser extent MCC patients
may be stronger immuno-compromised than MM patients.

With regard to effects of the ICI therapy on the patients’
concomitant hematological malignancy, the four patients
with active treatment of their hematological disease at start of
ICI did not show a progression or worsening of their hemato-
logical disease under ICI therapy. Notably, all three patients
who died from their hematological disease suffered from a
concomitant CLL which was not requiring treatment at start
of ICI. During ICI therapy these patients developed a rapid
progression of their CLL with anemia (hemoglobin below
8.0g/dL) as the major clinical sign. The other CLL patients
treated with ICI revealed no relevant changes of their hema-
tological disease state. Another 11 patients whose cause of
death is unclear suffered from CLL (n=4), NHL (n=3), and
other hematological malignancies (n=4).

With respect to the limitations of our present study, its
retrospective nature and the resulting potential patient selec-
tion bias have to be mentioned. Thus, it is of major impor-
tance to confirm our present results by prospective clinical
trials or registries addressing patients with skin cancer with
concomitant hematological malignancies. Moreover, our
patient cohorts were highly heterogeneous with regard to
the type and activity of their hematological disease. Almost all
patients (95.2%) did not receive treatment for their hema-
tological disease at the start of ICI therapy for advanced skin
cancer, and 51.2% had never received any disease-specific
treatment. Accordingly, the hematological disease activity
at start of ICI treatment did not reveal any relevant impact
on therapy outcome, as well as peripheral blood cell counts
for leukocytes, lymphocytes, and platelets did not (data not
shown).

Taken together, our results indicate that patients with
skin cancer with a concomitant hematological malignancy
can benefit from ICI therapy. Compared with previously
published data from immuno-competent patients, the ther-
apeutic efficacy in this special patient subgroup is lower.
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However, using real-world patient cohorts as comparator,
ICI therapy outcomes are comparable in patients with and
without concomitant hematological malignancy in MM and
MCC, but not in ¢SCC. In patients with ¢SCC, the PES was
significantly impaired in patients with concomitant hema-
tological malignancy. These conclusions are of preliminary
nature as they are resulting from retrospective cohorts, and
therefore need confirmation by prospective trials or registries.
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