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advanced skin cancer patients
receiving systemic anticancer
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singlecenter study investigating
seroconversion rates
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Background: COVID-19 vaccination reduces risk of SARS-CoV-2 infection,
COVID-19 severity and death. However, the rate of seroconversion after
COVID-19 vaccination in cancer patients requiring systemic anticancer
treatment is poorly investigated. The aim of the present study was to
determine the rate of seroconversion after COVID-19 vaccination in
advanced skin cancer patients under active systemic anticancer treatment.

Methods: This prospective single-center study of a consecutive sample of
advanced skin cancer patients was performed from May 2020 until October
2021. Inclusion criteria were systemic treatment for advanced skin cancer,
known COVID-19 vaccination status, repetitive anti-SARS-CoV-2-S IgG serum
quantification and first and second COVID-19 vaccination. Primary outcome
was the rate of anti-SARS-CoV-2-S IgG seroconversion after complete
COVID-19 vaccination.

Results: Of 60 patients with advanced skin cancers, 52 patients (86.7%) received
immune checkpoint inhibition (ICl), seven (11.7%) targeted agents (TT), one (1.7%)
chemotherapy. Median follow-up time was 12.7 months. During study progress
ten patients had died from skin cancer prior to vaccination completion, six
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patients were lost to follow-up and three patients had refused vaccination. 41
patients completed COVID-19 vaccination with two doses and known
serological status. Of those, serum testing revealed n=3 patients (7.3%) as anti-
SARS-CoV-2-S IgG positive prior to vaccination, n=32 patients (78.0%) showed a
seroconversion, n=6 patients (14.6%) did not achieve a seroconversion.
Patients failing serological response were immunocompromised due to
concomitant hematological malignancy, previous chemotherapy or
autoimmune disease requiring immunosuppressive comedications.
Immunosuppressive comedication due to severe adverse events of IC| therapy
did not impair seroconversion following COVID-19 vaccination. Of 41
completely vaccinated patients, 35 (85.4%) were under treatment with ICl, five
(12.2%) with TT, and one (2.4%) with chemotherapy. 27 patients (65.9%) were
treated non adjuvantly. Of these patients, 13 patients had achieved objective
response (complete/partial response) as best tumor response (48.2%).

Conclusion and relevance: Rate of anti-SARS-CoV-2-S IgG seroconversion in
advanced skin cancer patients under systemic anticancer treatment after
complete COVID-19 vaccination is comparable to other cancer entities. An
impaired serological response was observed in patients who were
immunocompromised due to concomitant diseases or previous
chemotherapies. Immunosuppressive comedication due to severe adverse
events of ICl did not impair the serological response to COVID-19 vaccination.

KEYWORDS

COVID-19 vaccination, seroconversion, skin cancer, immune checkpoint inhibition,

targeted therapy

Introduction

Patients with active cancer disease were reported to be at risk
of poor outcomes from severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2) infection with an increased
rate of severe courses and deaths from coronavirus disease 2019
(COVID-19) (1-3). Clinical trials of different COVID-19
vaccines (mRNA-1273, Moderna, Cambridge, USA;
BNT162b24, BioNTech-Pfizer, Mainz, Germany; AZD1222,
AstraZeneca, Oxford, UK) have demonstrated a reduced risk
of SARS-CoV-2 infection and COVID-19 severity and death (4-
6). However, these trials did not report on vaccination outcomes
of cancer patients. A recent single-center study from Boston,
USA reported impaired anti-SARS-CoV-2 antibody responses
towards different COVID-19 vaccines in patients with various
types of solid and hematologic cancers, describing an association
of inferior serological response with the use of chemotherapies
and corticosteroids (7). The aim of the present study was to
determine the rate of seroconversion after COVID-19
vaccination in advanced skin cancer patients under active
systemic anticancer treatment.
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Materials and methods
Study design and patient eligibility

This prospective single-center study of a consecutive sample
of advanced skin cancer patients was performed from May 2020
until October 2021 at the Department of Dermatology,
University Hospital Essen. Inclusion criteria were systemic
treatment for advanced skin cancer, known COVID-19
vaccination status, repetitive anti-SARS-CoV-2-S IgG serum
quantification and first and second COVID-19 vaccination.
Advanced skin cancer patients without systemic treatment,
unknown COVID-19 vaccination status and incomplete
COVID-19 vaccination were excluded from the study
(Figure 1). Primary outcome was the rate of seroconversion in
advanced skin cancer patients with systemic anticancer
treatment after second dose of COVID-19 vaccination. Data
on patient and tumor characteristics, concomitant diseases,
immunosuppressive comedications, systemic anticancer
therapy, and COVID-19 vaccination status were collected.
Systemic anticancer therapies included immune checkpoint
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174 patients

Advanced skin cancer (melanoma, Merkel cell carcinoma, squamous cell carcinoma, basal cell
carcinoma)

114 patients
- No systemic treatment
- Unknown vaccination and/or serological status

60 patients

Systemic treatment for advanced skin cancer
Known COVID-19 vaccination status
Repetitive serum quantification of anti-SARS-CoV-2 IgG

19 patients

- Died from skin cancer prior to vaccination completion (n=7)

- External follow-up, no serological status after vaccination (n=6)
- Refusal of vaccination (n=3)

10.3389/fonc.2022.879876

41 patients
- Complete COVID-19vaccination
- Serological status after complete vaccination

Outcome measures

- Anti-SARS-CoV-2 IgG seroconversion

- Outcome of COVID-19disease

- Outcome of systemic anticancer treatment

FIGURE 1
Patient Flow.

inhibition (ICI; anti-PD-1/anti-PD-L1/anti-CTLA-4
antibodies), targeted therapy (TT; BRAF+MEK kinase
inhibition), and chemotherapy. Concomitant diseases were
evaluated using the modified Charlson comorbidity index
(CCI) (8). Primary study outcome was the rate of anti-SARS-
CoV-2-S IgG seroconversion after second COVID-19
vaccination. Anti-SARS-CoV-2-S antibodies were measured at
each dose (ICI) or cycle (TT, chemotherapy) of ongoing
anticancer therapy, which corresponds to an at least monthly
testing. In cases of treatment completion, serum testing was
performed at follow-up visits in 3-months intervals. Secondary
study outcome was best tumor response achieved to systemic
anticancer treatment within the observation time of the study. It
was measured by the institutional interdisciplinary tumor board
as physician’s assessment according to RECIST (9) within
regular clinical practice in staging intervals.

Serum antibody testing

IgG antibodies against SARS-CoV-2 spike protein (anti-
SARS-CoV-2-S IgG) in patients’ sera were measured by
chemiluminescence assays (SARS-CoV-2 S1/S2 IgG or SARS-
CoV-2 TrimericS IgG, DiaSorin, Saluggia, Italy) using the
LIASION-XL (DiaSorin) following the manufacturer's
instructions. The first assay is only semi-quantitative, whereas
the second one is quantitative and adjusted to the upcoming
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WHO standard. Values >15 AU/ml corresponding to 39 BAU/
ml, and values >33.8 BAU/ml were considered positive,
respectively. Sensitivity/specificity for each assay are 94,4%/
98,6% and 96,9%/100%, respectively. For this study only
qualitative results were used to document seroconversion.

Data analysis

The study was approved by the ethics committee of the
University Duisburg-Essen (21-10141-BO). The period between
first serum testing and last patient visit was considered as follow-
up time. Descriptive statistics were performed using SPSSv26.0.

Results
Total study cohort

At start of this study, 60 patients with advanced skin cancers
received systemic anticancer treatment (Figure 1). Median
follow-up time was 12.7 months. Patients were treated for
melanoma (n=51, 85.0%), Merkel cell carcinoma (n=6, 10.0%),
cutaneous squamous cell carcinoma (n=2, 3.3%), and basal cell
carcinoma (n=1, 1.7%); Table 1. Most patients had a modified
CCI of 0 (n=44, 73.3%), and an unimpaired performance status
(n=53, 88.3%). 52 patients (86.7%) received ICI therapy, seven
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TABLE 1 Patient characteristics.

Total

Median age, years (range)
Sex
Female
Male
Type of skin cancer
Melanoma
Merkel cell carcinoma
Squamous cell carcinoma
Basal cell carcinoma
Charlson comorbidity index'
0
1-2
>3
Overall performance status (ECOG)
0
1-2
=3
LDH (serum)
Normal
Increased
Number of organs involved
0
1-3
>3
Type of systemic treatment
Immune checkpoint inhibition
Monotherapy (PD-1, PD-L1)
Combination (CTLA-4+PD-1)
Targeted therapy (BRAF+MEK)
Chemotherapy
Treatment setting
Adjuvant
Non-adjuvant
Treatment line
First-line
Second-line or higher
Tumor response to systemic treatment
Complete response
Partial response
Stable disease
Progressive disease
No evidence of disease
Not evaluable
Survival status
Alive
Dead
Died from skin cancer

Died from COVID-19

Total study cohort N (%)

60 (100.0)

65.0 (41-80)

25 (41.7)
35 (58.3)

51 (85.0)
6 (10.0)
2(33)
1(1.7)

44 (73.3)
13 (21.7)
3 (5.0)

53 (88.3)
6 (10.0)
1(1.7)

48 (80.0)
12 (20.0)

19 (31.7)
32(53.3)
9 (15.0)

52 (86.7)
38 (63.3)
14 (23.3)
7 (11.7)
1(1.7)

19 (31.7)
41 (68.3)

35 (58.3)
25 (41.7)

2(33)
15 (25.0)
6 (10.0)
17 (28.3)
17 (28.3)

3(5.0)

50 (83.3)
10 (16.7)
10 (16.7)
0(0.0)

10.3389/fonc.2022.879876

COVID-19 vaccinated N (%)

41 (100.0)

64.0 (41-80)

17 (51.5)
24 (58.5)

37 (90.2)
2 (49)
1(24)
1(24)

31 (75.6)
9 (22.0)
1(24)

38 (92.7)
1(24)
2 (49)

35 (85.4)
6 (14.6)

14 (34.1)
23 (56.1)
4(9.8)

35 (85.4)
26 (63.4)
9 (22.0)
5(12.2)
1(24)

14 (34.1)
27 (65.9)

27 (65.9)
14 (34.1)

2(33)
11 (26.8)
4(9.8)
9 (22.0)
12 (29.3)
3(7.3)

40 (97.6)
1(24)
1(24)
0 (0.0)

Characteristics of 60 patients receiving systemic treatment for advanced skin cancer at the time of first serum testing for anti-SARS-CoV-2-S antibodies. The outcome of systemic treatment

and the patients’ survival status during study progress are also provided. ' modified, the underlying skin cancer was excluded from comorbidities. LDH, lactate dehydrogenase.
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patients (11.7%) received TT, and one patient received
chemotherapy. Systemic anticancer treatment was given to 41
patients (68.3%) in a non-adjuvant setting.

At database closure on October 15, 2021, one patient had
developed a symptomatic COVID-19 infection. At the time of
symptomatic infection, this patient received a systemic
treatment with CTLA-4+PD-1 for advanced melanoma. The
laboratory data showed normal values for neutrophil
granulocytes (5.27/nl, reference 1.7-6.2/nl), lymphocytes (1.42/
nl, reference 1.0-3.4/nl) and LDH (234 U/I, reference 120-247 U/
1). The patient suffered from mild clinical symptoms including
taste disorders, glossodynia and dry coughing. Symptoms were
declining spontaneously and the patient was vaccinated four
months later when vaccines were available. None of the patients
had died from COVID-19.

Patients with serological status after
complete COVID-19 vaccination

During study progress ten patients had died from skin
cancer prior to vaccination completion, six patients were lost
to follow-up and three patients had refused vaccination due to
fear of negative interaction with their anticancer treatment or of
severe side effects (Figure 1). 41 patients completed COVID-19
vaccination, corresponding to two sequential mRNA and viral
vector vaccine applications or a combination of viral vector and
mRNA vaccine. From these 41 patients, serological status was
known after complete vaccination. 35 (85.4%) were under
treatment with ICI, five (12.2%) with TT, and one (2.4%) with
chemotherapy (Table 1).

After complete COVID-19 vaccination, 32 patients (78.0%)
showed an anti-SARS-CoV-2-S IgG seroconversion (Table 2).
Seroconversion was achieved in 26/35 patients treated with ICI,
5/5 patients treated with TT, and 1/1 patient treated with
chemotherapy. In three patients (7.3%) anti-SARS-CoV-2-S IgG
was detected prior to vaccination, indicating previous SARS-CoV-2
infections which were asymptomatic and previously unknown to
the respective patients. At the time of first COVID-19 vaccination,
nine patients had active immunosuppressive comedications
(Table 2). None of these nine patient were neutropenic at the
time of vaccination (reference >1.7/nl). Seven patients received
immunosuppressive comedications for treatment of severe
adverse events of ICI (corticosteroids, n=6; extracorporeal
photopheresis, n=1). All of these seven patients showed anti-
SARS-CoV-2-S IgG seroconversion after complete vaccination.

In six of 41 completely vaccinated patients (14.6%) anti-
SARS-CoV-2-§ IgG antibodies could not be detected in repeated
serological testings after vaccination (Table 2; Supplement
Table 1). These patients failing seroconversion received ICI
(CTLA-4+PD-1, n=2; PD-1, n=4) in time of vaccination. Two
patients were treated with immunosuppressive comedications
due to concomitant diseases with timing of vaccination.
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One patient received IL-12 and IL-23 monoclonal antibody
for treatment of chronic inflammatory bowel disease (M. Crohn)
for more than 16 months without neutropenia (reference >1.7/
nl). Furthermore, the patient had a known Turner syndrome.

The second patient received chimeric monoclonal CD-20
antibody for treatment of mantle cell lymphoma at the time of
COVID-19 vaccination. The patient’s history revealed first
diagnosis of mantle cell lymphoma, stage IV Ann Arbor
disease (10), 20 months prior to first COVID-19 vaccination.
At time of first diagnosis of mantle cell lymphoma this patient
had been treated with a R-CHOP chemotherapy for five months.
Autologous stem cell transplantation was performed 15 months
prior to COVID-19 vaccination with subsequently CD-20
antibody treatment. This patient had a lymphopenia (0.37/nl,
reference 1.0-3.4/nl) with normal values of neutrophil
granulocytes (4.14/nl, reference 1.7-6.2/nl) in time
of vaccination.

The third patient without seroconversion had a palliative
melanoma disease and multiple systemic treatment lines
including darcabazine chemotherapy 12 months before
COVID-19 vaccination. This patient had a lymphopenia
(0.70nl, reference 1.0-3.4/nl) with slightly increased neutrophil
granulocytes (6.43/nl, reference 1.7-6.2/nl).

The fourth patient without seroconversion was diagnosed
with rectum carcinoma 38 months prior to first COVID-19
vaccination. After total excision of rectum carcinoma the patient
had received FOLFOX chemotherapy as adjuvant treatment for
five months. In time of vaccination differential blood showed no
neutropenia nor lymphopenia.

The fifth patient with failed seroconversion was diagnosed
with chronic lymphocytic leukemia 16 years prior to first
vaccination. This patient had been treated with chemotherapy
(cyclophosphamide, methotrexate, fluorouracil) after first
diagnosis of chronic lymphocytic leukemia for six months. At
time of vaccination the patient had normal values for
neutrophile granulocytes and lymphocytes.

The last patient without seroconversion had a chronic
lymphocytic leukemia, Binet stage A (11). This patient
presented with leukocytosis (26.7/nl, reference 3.6-9.2) and
lymphocytosis (13.9/nl; reference 1-4/nl) at time of vaccination.

Of 41 completely vaccinated patients, 27 patients (65.9%)
were treated non adjuvantly. Of these patients, 13 patients had
achieved an objective response as best tumor response (48.2%).

Of the 27 patients treated non adjuvantly, 21 patients had a
melanoma. Objective response as best tumor response in
exclusively non adjuvantly treated melanoma patients was
47.6% (n=10).

Discussion

In our consecutive cohort, 78.0% of skin cancer patients
achieved an anti-SARS-CoV-2-S IgG seroconversion after
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TABLE 2 COVID-19 vaccination and outcome.

Total

Vaccination type (first and second vaccination)
mRNA (2x mRNA-1273, n=1; 2x BNT162b24, n=36)
Viral vector (2x AZD1222)
Mixed (1x viral vector, 1x mRNA)
Immunosuppressive comedication
None
Corticosteroids (methylprednisolon >1mg/kg/d, prednisolon >100mg/d)
Rituximab
Extracorporeal photopheresis
Ustekinumab
Anti-SARS-CoV-2-S IgG (serum)
Positive prior to vaccination
Positive after vaccination (seroconversion)
Immune checkpoint inhibition
Targeted therapy (BRAF+MEK)
Chemotherapy
Not positive after vaccination (no seroconversion)
Immune checkpoint inhibition

MM; concomitant chronic inflammatory bowel disease (M. Crohn);
active immunosuppressive therapy (IL-12-/IL-23 monoclonal
antibody)

MM; concomitant malignancy (mantle cell lymphoma); previous
chemotherapy (R-CHOP, R-DHAP) and autologous stem cell
transplantation;

active immunosuppressive therapy (monoclonal CD-20 antibody)
MM; previous chemotherapy (dacarbazine), last treatment 12 months
prior to time of vaccination

MM; concomitant malignancy (colorectal carcinoma); previous
chemotherapy (FOLFOX), last treatment 33 months prior to time of
vaccination

¢SCC; concomitant malignancy (chronic lymphocytic leukemia);
previous chemotherapy (cyclophosphamide, methotrexate,
fluorouracil), last treatment 15 years prior to time of vaccination

MM; concomitant malignancy (chronic lymphocytic leukemia)

10.3389/fonc.2022.879876

41

37

32
26

AN

Characteristics of 41 advanced skin cancer patients with active anticancer therapy who completed COVID-19 vaccination during study progress, corresponding to the time of first vaccine

application. Concomitant diseases and comedications of patients failing seroconversion are shown in detail. Abbreviations: MM, melanoma; cSCC, cutaneous squamous cell carcinoma; R-
CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone; R-DHAP, rituximab, dexamethasone, cytarabine, cisplatin; FOLFOX, folinic acid, fluorouracil, oxaliplatin.

complete COVID-19 vaccination. Similar response rates have
been described previously for patients with different cancer
entities without immunosuppressive treatment (8, 12).
However, as skin cancers are solid tumors, the rate of
seroconversion was lower compared to the study of Thakkar
et al. (13).

Only one patient developed symptomatic COVID-19, and
no patient died from COVID-19 during study course.

With regard to anticancer treatment, the treatment
outcomes observed in our investigated patient cohort are
comparable to those reported from similar cohorts before the
COVID-19 pandemic. Moreover, the anticancer treatment
outcomes of completely vaccinated patients were not inferior
to those of incompletely or not vaccinated patients. For non-
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adjuvant melanoma patients treated with ICI (n=21) we
observed objective response rates comparable to previously
reported responses in metastatic melanomas (14). Thus, our
results strengthen the recent suggestion that advanced skin
cancer patients should be offered treatment with ICI or TT in
times of the pandemic without delay, as there is currently no
evidence that this would increase the risk of severe COVID-19
(15, 16). However, our study is still limited by the low number of
patients and the heterogeneity of baseline characteristics.

14.6% of the investigated patients did not develop an anti-
SARS-CoV-2-S IgG antibody response despite complete
vaccination. All of these patients were under active ICI
treatment, yet their failure of seroconversion was likely caused
by their underlying immunocompromised status as these
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patients either had a concomitant hematological malignancy, a
previously obtained chemotherapy, or an immunosuppressive
comedication for concomitant autoimmune disease. This
observation is in line with recently published data showing
lower COVID-19 vaccination efficacy in immunocompromised
patients (17). One study reported of seropositive response rates
of 76% for patients with active myeloma compared to
seropositive response rates of 98% in a healthy cohort study
(12). A recently published study described lower rates of
seroconversion in patients who underwent immunosuppressive
treatments as stem cell transplant or CD-20-antibody treatment
(13, 18). Two of six patients with impaired serological response
had active immunosuppressive treatment (IL-12-/IL-23
monoclonal antibody, monoclonal CD-20 antibody) in time of
vaccination (Table 1). Time since last administration of
immunosuppressive therapy might be associated with
seroconversion after vaccination (18). However, number of
patients is too low for further analyzes of time of vaccination
and time of administered immunosuppressive treatment.

In two of six patients with impaired serological response we
detected a lymphopenia (<0.37/nl, reference 1.0-3.4/nl). One
patient was treated with monoclonal CD-20 antibody for mantle
cell lymphoma (mentioned above). The other patient was in
palliative metastatic melanoma setting. Lymphopenia has been
described previously as risk factor for impaired serological
response in hematological malignancies (12). 17.1% (7/41) of
the completely vaccinated patients of our study cohort required
immunosuppressive comedication, mostly corticosteroids, for
the treatment of severe adverse events of ICI therapy. Notably,
none of these patients failed to develop an anti-SARS-CoV-2-S
IgG seroconversion after COVID-19 vaccination. Management
of adverse events of ICI therapy with corticosteroids may not
reduce the rate of seroconversion and presents no
contraindication for vaccination against COVID-19 (13). This
finding begs the question if a delay in COVID-19 vaccination for
patients under active treatment with corticosteroids for ICI
adverse events is still recommendable (17).

The majority of patients received ICI therapy. ICI therapy
may induce autoimmune side effects as pneumonitis (19, 20).
Clinical symptoms of autoimmune pneumonitis overlaps with
COVID-19 pneumonia. The indistinguishable clinical
symptoms of autoimmune induced pneumonitis and COVID-
19 pneumonia could lead to undetected breakthrough infections
of COVID-19 (21).

Limitations of our study include the relatively small number
of patients and the monocentric design. A direct comparison
between subgroups of the study cohort is not valid due to the
heterogeneity of baseline characteristics with respect to type of
skin cancer, tumor stage, treatment setting and type of systemic
treatment. Other limitations include the lack of a control group
and of cellular data as B cell numbers and T cell response. The
field of SARS-CoV-2 diagnostic is highly dynamic. Therefore, we
had to use two test generations in this prospective longitudinal
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study. The first assay is only semi-quantitative, whereas the
second one is quantitative and adjusted to the upcoming WHO
standard. Serological response to COVID-19 vaccinations in
advanced skin cancer patients was analyzed. This study is limited
to analyze the efficacy of COVID-19 vaccination in skin cancer
patients. Seroconversion has not been correlated with clinical
outcomes as hospitalization and mortality rate. However,
serological response might be associated with clinical
outcomes and could be used to estimate the efficacy of
COVID-19 vaccination (22, 23). Larger real-world studies are
needed to confirm our preliminary findings.

Conclusion

Rate of seroconversion to COVID-19 vaccination is high in
advanced skin cancer patients receiving active systemic
anticancer treatment. An impaired serological response to
COVID-19 vaccination was observed in patients who were
immunocompromised due to concomitant hematological
malignancies, previous chemotherapies, or immunosuppressive
comedication for underlying autoimmune disease. Lymphopenia
might be a risk factor for an impaired serological response to
COVID-19 vaccination. Immunosuppressive comedication, in
particular by corticosteroids, for treatment of severe side effects of
anticancer immunotherapy, did not impair the serological response
to COVID-19 vaccination.
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