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Abstract

Introduction COVID-19 particularly impacted patients with co-morbid conditions, including cancer. Patients with
melanoma have not been specifically studied in large numbers. Here, we sought to identify factors that associated
with COVID-19 severity among patients with melanoma, particularly assessing outcomes of patients on active tar-
geted or immune therapy.

Methods Using the COVID-19 and Cancer Consortium (CCC19) registry, we identified 307 patients with melanoma
diagnosed with COVID-19. We used multivariable models to assess demographic, cancer-related, and treatment-
related factors associated with COVID-19 severity on a 6-level ordinal severity scale. We assessed whether treatment
was associated with increased cardiac or pulmonary dysfunction among hospitalized patients and assessed mortality
among patients with a history of melanoma compared with other cancer survivors.

Results Of 307 patients, 52 received immunotherapy (17%), and 32 targeted therapy (10%) in the previous 3 months.
Using multivariable analyses, these treatments were not associated with COVID-19 severity (immunotherapy OR 0.51,95%
C10.19 - 1.39; targeted therapy OR 1.89, 95% Cl 0.64 — 5.55). Among hospitalized patients, no signals of increased cardiac or
pulmonary organ dysfunction, as measured by troponin, brain natriuretic peptide, and oxygenation were noted. Patients
with a history of melanoma had similar 90-day mortality compared with other cancer survivors (OR 1.21,95% Cl 0.62 — 2.35).

Conclusions Melanoma therapies did not appear to be associated with increased severity of COVID-19 or worsening
organ dysfunction. Patients with history of melanoma had similar 90-day survival following COVID-19 compared with
other cancer survivors.
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Introduction

SARS-CoV-2, the virus responsible for the COVID-19
pandemic, has resulted in particularly severe morbidity
and mortality for patients at increased age, and with
health co-morbidities, such as obesity, diabetes,
cardiovascular disease including cardiomyopathy, and
cancer [1]. A growing number of large studies have
assessed the impact of COVID-19 among patients with
various types of cancer, and among patients with various
modalities of anti-cancer therapy [2, 3]. Given the diverse
types of malignancy and treatment scenarios, many
questions remain, particularly in less common tumor
types.

Melanoma is the most lethal type of skin cancer and
is an archetypal malignancy for the development of
both targeted therapy (with BRAF and MEK inhibitors)
and especially immunotherapy. Melanoma was the
first malignancy where many checkpoint inhibitors
were first approved and most aggressively combined
(including agents targeting programmed death-1 [PD-
1], cytotoxic T lymphocyte antigen-4 [CTLA-4], and
lymphocyte antigen gene-3 [LAG-3]). In addition,
melanoma have unique risk factors that differ from those
for other malignancies (e.g., exposure to ultraviolet light
rather than cigarette smoke, alcohol, obesity, or chronic
inflammation), thus theoretically conferring a better
prognosis.

Leveraging detailed patient reports to the COVID-19
and Cancer Consortium (CCC-19) registry—consisting
of 12,661 patients with cancer and COVID-19 reported
from 93 different centers, including 307 patients with
melanoma—we sought to assess the factors, including
recent targeted or immunotherapy, that were associated
with COVID-19 severity and survival. We also assessed
whether these therapies synergized with COVID-19
to produce exacerbated organ dysfunction. Finally, we
compared survival following COVID-19 among patients
with melanoma to those with all other cancer types in the
database.

Methods

Study design

This was a registry-based retrospective cohort study that
used data from the CCC19 registry, a centralized multi-
institutional registry of patients who had COVID-19 and
a diagnosis of cancer (either past or current). The registry
is maintained as an electronic database using REDCap
Software at Vanderbilt University Medical Center, and its
schema and format have been previously described [4].
Records for the present study were accrued from March
17, 2020, to December 31, 2021, and included patients
with a diagnosis of SARS-CoV-2 infection confirmed
by serology or polymerase chain reaction tests. Patients
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with non-invasive cancers including non-melanoma
skin cancer, in situ carcinoma, or precursor hematologic
neoplasms were excluded. The analysis also excluded
patients with inadequate data quality (quality score>5
according to our previously defined metric [4]) and those
with incomplete follow-up to assess the outcomes of
interest. Patients with cancer types other than melanoma
were excluded when assessing the associations between
modality of systemic anti-cancer therapy with COVID-
19 severity among patients with melanoma. Patients
with active cancer status or active systemic anti-cancer
therapy were excluded when assessing the association
between presence of non-active melanoma verses non-
active other cancers with 30-day and 90-day mortality.

This study was approved by Institutional Review
Board of Vanderbilt University Medical Center and
participating sites. Informed consent was waived since
data were anonymized and posed minimal risk to study
participants.

Data elements

The primary outcome was a 6-level ordinal scale of
COVID-19 severity based on a patient’s most severe
reported disease status: none of the complications listed
here, hospital admission without supplemental oxygen,
hospital admission with supplemental oxygen, intensive
care unit admission, mechanical ventilation use, and
death from any cause. Secondary outcomes were death
from any cause within 30 days and 90 days after COVID-
19 diagnosis. Class of recent (i.e., within 3 months prior
to COVID-19 diagnosis) systemic anti-cancer therapy
was defined as cytotoxic chemotherapy, targeted therapy,
immunotherapy, or none [3].

Statistical analysis

All statistical analysis methods and data elements were
pre-specified in a statistical analysis plan. Standard
descriptive statistics were used to summarize baseline
characteristics and outcomes among patients with mela-
noma: categorical and continuous variables were sum-
marized as counts (%) and median (interquartile range
[IQR]), respectively. Laboratory measurements (BNP,
CRP, troponin) and receipt of supplemental oxygen
were summarized among patients with melanoma hos-
pitalized at baseline. Ordinal logistic regression mod-
els with an offset for (log) follow-up time were used to
determine whether class of recent anti-cancer therapy
was associated with COVID-19 severity [5]. The model
was adjusted for melanoma as the primary cancer type,
age (quadratic term to accommodate a non-linear asso-
ciation), sex, race and ethnicity, geographical region
of patient residence (defined as Sunbelt region or not),
smoking status, obesity, comorbidities (cardiovascular,
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Table 1 Demographics for all melanoma patients Table 1 (continued)

Characteristics All patients Characteristics All patients

N=307 N=307

Age [Median (IQR)] 64 (55-75) COVID-19 treatments

Sex Low-dose steroids ever

Female 140 (46%) Yes 41 (13%)

Male 167 (54%) No 256 (83%)

Race Missing/Unknown 10 (3%)
Non-Hispanic White 259 (84%) High-dose steroids ever
Non-Hispanic Black 8 (3%) Yes 37 (12%)
Hispanic 14 (5%) No 254 (83%)
Other 22 (7%) Missing/Unknown 16 (5%)
Missing/Unknown 4 (1%) Monoclonal antibodies

Geographic location Yes 10 (3%)
US Sunbelt region, Spain, or Mexico 81 (26%) No 290 (94%)
US states outside of Sunbelt region or Canada 225 (73%) Missing/Unknown 7 (2%)
Missing/Unknown 1 (0%) Timing of COVID diagnosis

Smoking status Jan—Apr 2020 63 (21%)
Never 179 (58%) May—Aug 2020 102 (33%)
Current or Former 118 (38%) Sep—Dec 2020 86 (28%)
Missing/Unknown 10 (3%) Jan—Apr 2021 32 (10%)

Obesity May—Aug 2021 15 (5%)
Not obese 200 (65%) Sep—Dec 2021 9 (3%)
Obese 105 (34%)

Missing/Unknown
Comorbidities
Diabetes mellitus
Pulmonary comorbidities
Cardiovascular comorbidities
Renal comorbidities
Immunosuppressed
Missing/Unknown
ECOG Status
0
1
2+
Unknown
Missing
Cancer Status
Remission/NED
Active, stable/responding
Active, progressing
Unknown
Recent systemic cancer therapy

Systemic therapy in the last 3 months

Cytotoxic Therapy
Targeted Therapy
Immunotherapy

No systemic therapy in the last 3 months

Missing/Unknown

2(1%)

( 8%)
6 (18%)
(22%)
(12%)
(14%)
19%)

69
38
44
2(1
129 (42%)
62 (20%)
28 (9%)
87 (28%)
1(0%)

168 (55%)
70 (23%)
37 (12%)
32 (10%)

49%)
0%)
52 (17%)
215 (70%)
6 (2%)

86 (28%)
1(
3201

pulmonary. renal disease, diabetes, immunosuppression),
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, cancer status (remission or no evidence
of disease, active and stable/responding, active and pro-
gressing, or unknown), and time period of COVID-19
diagnosis. Binary logistic regression models were used to
determine whether type of non-active cancer (melanoma
or other) was associated with 30-day and 90-day mor-
tality. In addition to the covariates listed above but not
including cancer status, the model was adjusted for corti-
costeroids as a COVID-19 treatment ever. Variables were
assessed for collinearity before inclusion in multivariable
models. Multiple imputation (10 imputations, missing-
ness rates < 6%) using additive regression, bootstrapping,
and predictive mean matching was used to impute miss-
ing and unknown data, except unknown ECOG sta-
tus and unknown cancer status, which were included
as “unknown” categories. Results were combined using
Rubin’s rules and are reported as odds ratios (ORs) with
95% confidence intervals (CIs). All tests were two-sided
and a 95% CI that did not cross 1.0 was considered sig-
nificantly significant. All analyses were conducted using
R version 4.0.2 (R Foundation for Statistical Computing,
Vienna, Austria), including the Hmisc and rms extension
packages.
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Results
We identified 307 patients with melanoma in the CCC19
registry. Among these, median age was 64 years (IQR
55-75 years), 167 (54%) were male, 14% were races other
than non-Hispanic White, and 81 (26%) resided in the US
Sunbelt region, Spain, or Mexico whereas 225 (73%) were
from US states outside the sunbelt or Canada (Table 1).
Regarding comorbid conditions, 105 (34%) had obesity,
69 (22%) had cardiovascular conditions, 56 (18%) had
pulmonary comorbidities, and 56 (18%) had diabetes.
In terms of melanoma disease status, 168 (55%) were in
remission or had no evidence of disease, 70 (23%) had
active melanoma that was stable or responding, and
37 (12%) had active melanoma that was progressing.
Regarding melanoma treatment, 86 (28%) had systemic
therapy in the 3 months preceding COVID-19 diagnosis,
including immunotherapy (n=52, 17%), targeted therapy
(n=32, 10%), or cytotoxic chemotherapy (n=11, 4%).
Among the 307 patients with melanoma, over a median
follow up of 90 days from COVID-19 diagnosis, 127 (41%)

i

129

&
Modality of anti-cancer therapym

*No recent immunotherapy, targeted therapy, or cytotoxic therapy
**Subjects may be represented by more than one of the three therapies

=
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were hospitalized at any time, including 85 (28%) that
required supplemental oxygen, 40 (13%) that required
ICU admission, and 44 (14%) that died due to any cause
(Table S1). Among hospitalized patients, attribution
was noted as definitely related to COVID-19 (n=091,
72%), possibly related to COVID-19 (n=26, 20%), and
unrelated to COVID-19 (=10, 8%). COVID-19 sever-
ity is summarized by class of recent anti-cancer therapy
in Fig. 1. On multivariable analyses, no class of therapy
was associated with COVID-19 severity, including for
immunotherapy (OR 0.51, 95% CI 0.19 — 1.39), targeted
therapy (OR 1.89, 95% CI 0.64 — 5.55), or chemotherapy
(OR 0.63, 95% CI 0.18 — 2.19) (Table 2). Age exhibited a
significant non-linear (i.e., linear-quadratic) association
with COVID-19 severity, such that older patients had
higher COVID-19 severity. Pulmonary comorbidities
(OR 2.27,95% CI 1.12 - 4.62), diabetes (OR 2.12, 95% CI
1.01 - 4.47), ECOG 2+ (vs. ECOG 0; OR 12.5, 95% CI
4.22 — 37.2), active and progressing cancer (vs. remission,
OR 3.22, 95% CI 1.21 — 8.58) were all associated with

COVID-19 severity

e . Died

. Received mechanical ventilation
Admitted to ICU
Hospitalized with O,
Hospitalized without O,

Ambulatory

Fig. 1 Distribution of the ordinal COVID-19 severity outcome, stratified by modality of anti-cancer therapy received within 3 months prior to

COVID-19 diagnosis. Note: The ordinal COVID-19 severity outcome was based on a patient’s most severe reported disease status during follow-up
(for example, a patient who was hospitalized and later died is included in “Died”). The width of the boxes is proportional to the number of patients
who received each anti-cancer therapy; the height of the boxes is proportional to the number of patients in each outcome level. Patient numbers

are listed for each outcome level
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Table 2 Variables associated with COVID-19 Severity
COVID-19 Severity

Predictors Odds Ratios a
Recent cytotoxic therapy 0.63 0.18-2.19
Recent targeted therapy 1.89 0.64 - 555
Recentimmunotherapy 0.51 0.19-139
No systemic therapy, ever 0.91 029-287
Melanoma as the primary cancer (Yes) 0.83 040-1.71
Age, per decade

Linear 0.74 046 -1.20

Quadratic 124 1.12-137
Sex (Male vs Female) 1.80 0.96 -3.36
Race (Non-Hispanic White vs Other) 1.14 0.50 - 2.60
Sunbelt region (yes vs no) 035 0.17-0.75
Smoking status (Ever vs Never) 142 0.78 - 2.60
Obesity (yes vs no) 0.50 027 -093
Cardiovascular comorbidities (yes vs no) 0.96 0.46 - 2.00
Renal disease (yes vs no) 1.81 0.72 - 4.56
Pulmonary comorbidities (yes vs no) 227 1.12-462
Diabetes (yes vs no) 212 1.01-447
Immunosuppressed (yes vs no) 1.55 0.66 - 3.64
ECOG status (1 vs 0) 0.93 042 -2.08
ECOG status (2+vs 0) 12,53 422-37.19
ECOG status (Unknown vs 0) 1.49 0.72-3.07
Cancer status (Active, stable/responding vs remission) 137 0.56 - 3.38
Cancer status (Active, progressing vs remission) 3.22 1.21-858
Cancer status (Unknown vs remission) 1.05 0.38-291
COVID Diagnosis (May—Aug 2020 vs Jan—Apr 2020) 0.18 0.08 - 0.40
COVID Diagnosis (Sep—Dec 2020 vs Jan—Apr 2020) 0.17 0.08 -0.38
COVID Diagnosis (Jan—Apr 2021 vs Jan—Apr 2020) 0.10 0.03 -0.31
COVID Diagnosis (May—Aug 2021 vs Jan—Apr 2020) 0.18 0.05 -0.63
COVID Diagnosis (Sep—Dec 2021 vs Jan—Apr 2020) 0.14 0.02-0.83

higher COVID-19 severity, whereas location in the sun-
belt region (OR 0.35, 95% 0.17 — 0.75) and later diagnosis
(after May 2020) was associated with lower COVID-19
severity (OR 0.10 — 0.18 compared with Jan — April 2020).

Because melanoma therapies can cause end-organ
toxicities (e.g. immune-related adverse events impacting
many different organs, and BRAF/MEK inhibitors caus-
ing cardiomyopathy), we assessed organ function in rela-
tion to systemic therapy. Among hospitalized patients,
there was no obvious difference in brain natriuretic
peptide, troponin, supplemental oxygen requirement,
or C-reactive protein (Supplementary Table 2). This was
true regardless of therapy class, although numbers were
small and limited definitive conclusions.

Finally, we assessed 30- and 90-day mortality among
patients with a history of melanoma (but no active can-
cer) and compared these with cancer survivors with other
cancers, hypothesizing that patients with a history of

melanoma may have fewer comorbid conditions and per-
haps have other less quantifiable advantages (e.g. excess
sun exposure correlating with a more active lifestyle).
We observed approximately similar mortality at 30 and
90 days (15% vs. 12%; 17% vs. 16%) among patients with a
history of melanoma compared with other cancers (Sup-
plemental Table 3). On multivariable analyses, patients
with melanoma had similar odds of 30-day mortality (OR
1.38, 95% CI 0.69 — 2.76) and 90-day mortality (OR 1.21,
95% CI 0.62 — 2.35). Factors associated with inferior sur-
vival are listed in Table 3, but broadly overlapped with
factors associated with higher COVID-19 severity in the
full melanoma cohort.

Discussion

In this study, we found that recent anti-cancer therapy,
irrespective of modality, was not strongly associated with
COVID-19 severity among patients with melanoma.
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Table 3 Factors associated with 30 and 90 day mortality in
patients without cancer or cancer treatment in the previous
3 months

30 day 90 day

mortality mortality

OR I OR dl
Cancer type (Melanoma vs Other) 138 069—276 121 062—235
Steroids as a COVID-19 treatment, 203 15—2.73 238 181—3.14
ever
Age, per decade

Linear 142 088—23 133 09—197
Quadratic 1.06 098—1.15 1.06 0.99—1.13

Sex (Male vs Female) 147 1.11—194 158 1.22—204
Race (Non-Hispanic White vs Other) 091 0.68—1.22 098 0.75—1.28
Sunbelt region (yes vs no) 0.70 047—1.06 078 0.54—1.12
Smoking status (Ever vs Never) 121 09—162 107 081—14
Obesity (yes vs no) 109 0.81—146 098 0.75—1.28
Cardiovascular comorbidities (yes 097 0.72—13 111 085—1.46
VS NO)
Renal disease (yes vs no) 135 1—1.82 141 1.06—1.86
Pulmonary comorbidities (yes vs 135 0.99—1.83 137 1.03—1.83
no)
Diabetes (yes vs no) 130 098—1.73 1.16 0.89—1.51
Immunosuppressed (yes vs no) 137 084—225 170 1.1—263
ECOG status (1 vs 0) 186 1.18—295 194 129—293
ECOG status (2+vs 0) 344 213—555 400 258—6.18
ECOG status (Unknown vs 0) 166 1.11—247 152 1.06—2.17
COVID Diagnosis (2021 vs 2020) 043 029—065 042 0.29—0.61

Further, recent therapy did not obviously predispose
patients to compromised organ function, a finding of
clinical relevance given the varied and frequent organ
involvement with immune-related adverse events. To our
knowledge, this is the first systematic effort to study out-
comes following BRAF and MEK inhibitors and COVID-
19. Finally, melanoma was associated with modestly
inferior COVID-19 survival in univariate but not mul-
tivariable analyses in a cohort of cancer survivors, con-
trasting with our hypothesis that it might be associated
with improved outcomes.

Several studies have demonstrated the impact of
various cancer treatments on COVID-19 outcomes
in patients with cancer. Certain treatments have been
associated with inferior outcomes, including several
multiagent chemotherapy regimens (rituximab + cyclo-
phosphamide, doxorobucin, vincristine, and predisione
[R-CHOP], platinum + etoposide) and B cell malignancy
directed therapies [3, 6]. Initially, clinicians had a high
degree of concern that immune checkpoint inhibitors
might synergize with SARS-CoV2 to produce enhanced
lung or other organ inflammation, based on theoreti-
cal concern and early reports [7, 8]. Subsequent studies
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however have largely suggested that these agents are
not associated with inferior COVID-19 outcomes [3,
9]. Although subclinical effects are difficult to rule out,
our study provides additional evidence that this type
of relationship is not present, at least when assessing
COVID-19 severity and measures of organ function in
hospitalized patients. In addition, our study is the larg-
est to specifically study melanoma, where high rates of
combination ipilimumab and nivolumab are used. This
combination is associated with pneumonitis, myocardi-
tis, and fatal toxicities more often than single agent anti-
PD-1 regimens [10—12].

Similarly, we assessed targeted therapy in melanoma,
specifically BRAF and MEK inhibitors. These agents are
associated with modest rates of myocardial dysfunction,
pyrexia, and elevated liver transaminase levels, all of
which may confound or delay a diagnosis of COVID-19
infection, or could worsen organ function in the setting
of concomitant COVID-19 infection. Although there was
a potential trend towards increasing COVID-19 severity
in this cohort, it was far from statistically significant, and
there was no evidence of increasing organ dysfunction.
Thus, BRAF and MEK inhibitors appear to join other
non-chemotherapy agents that have no obvious impact
on COVID-19 outcomes [3, 13].

Patients with a history of melanoma (defined as those
without active melanoma or melanoma therapy in the
prior 3 months) had a marginally inferior survival on
univariate analyses compared with survivors of other
cancers, although this difference was not present after
adjustment for other prognostic variables. We origi-
nally hypothesized that melanoma may be associated
with fewer co-morbidities than many other cancers
since it is not associated with smoking, and thus more
active lifestyle and better COVID-19 outcomes [14].
It is possible though that patients with melanoma
do not have less co-morbidities, or that adjustments
for comorbidities masked this difference. Regardless,
despite the large number of patients, there were only
89 melanoma survivors, limiting the generalizability of
these conclusions.

This study has limitations: even though it came from
the largest registry of patients with cancer and COVID-19
(CCC19), the number of patients receiving different ther-
apies remained modest. Further, teasing out other poten-
tially relevant interactions (e.g. whether a patient was
early on therapy, or whether only patients of a certain age
on various therapies were impacted) was particularly diffi-
cult. However, we do provide evidence for overall safety of
these regimens in patients with advanced melanoma.

In conclusion, patients with melanoma on targeted
or immune therapy did not experience more severe
COVID-19 or obviously enhanced organ damage in this
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study. Patients with a history of melanoma paradoxically
appeared to have worse clinical outcomes compared with
unselected cancer survivors, although this difference was
not significant on multivariable modeling. This study adds
to the growing body of evidence for the safety of most
immune and targeted therapies in the context of COVID-
19, and suggests additional studies into risk factors for
adverse outcomes in cancer patients and survivors.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-023-10708-6.

Additional file 1: Supplemental Table 1. Outcomes summarized over

full patient cohort. Supplementary Table 2. Organ function in hospital-
ized patients based on therapy type. Supplemental Table 3. Survival in
patients without active cancer or treatment in the previous 3 months.
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