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The COVID-19 pandemic has had a tremendous impact glob-
ally on patients with cancer, including treatment delays and
missed cancer diagnoses. In the Netherlands, the first case of
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Abstract

Background The COVID-19 pandemic reduced the number of skin cancer diag-
noses, potentially causing a progression to unfavourable tumour stages.

Objectives To identify the impact of delayed diagnostics on primary invasive mela-
noma and cutaneous squamous cell carcinoma (cSCC) by comparing tumour
(pT) stage, Breslow thickness and invasion depth from before to after the first
and second lockdown periods.

Methods In this population-based cohort study, histopathology reports registered
between 1 January 2018 and 22 July 2021 were obtained from the nationwide
histopathology registry in the Netherlands. The Breslow thickness of melanomas,
invasion depth of ¢SCCs, and pT stage for both tumour types were compared
across five time periods: (i) pre-COVID, (ii) first lockdown, (iii) between first
and second lockdowns, (iv) second lockdown and (v) after second lockdown.
Breslow thickness was compared using an independent t-test. pT-stage groups
were compared using a y’-test. Outcomes were corrected for multiple testing
using the false discovery rate.

Results In total, 20 434 primary invasive melanomas and 68 832 cSCCs were
included in this study. The mean primary melanoma Breslow thickness of the
prepandemic era (period i) and the following time periods (ii—v) showed no sig-
nificant difference. A small shift was found towards unfavourable pT stages dur-
ing the first lockdown compared with the pre-COVID period: pT1 52-3% vs.
58:6%, pT2 18-9% vs. 17-8%, pT3 13-2% vs. 11-0%, pT4 9-1% vs. 7-3%
(P =0-001). No relevant changes were seen in subsequent periods. No signifi-
cant change in pT stage distribution was observed between the pre-COVID (i)
and COVID-affected periods (ii—v) for ¢SCCs.

Conclusions To date, the diagnostic delay caused by COVID-19 has not resulted in
relatively more unfavourable primary tumour characteristics of melanoma or
¢SCC. Follow-up studies in the coming years are needed to identify a potential

impact on staging distribution and survival in the long term.

COVID-19 was registered at the end of February 2020, and
strict social distancing measures were implemented on 15

March 2020. Since the start of the pandemic, two nationwide
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lockdowns have been implemented in the Netherlands, during
2020 and 2021, to prevent the spread of COVID-19.' Not
only were population-based cancer screening programmes
(e.g. for breast cancer) temporarily halted, but routine care
was also downscaled.” Similarly to many other countries in
Europe, the latter also severely constrained skin cancer care,
resulting in a steep decline in melanoma and cutaneous squa-
mous cell carcinomas (cSCCs) diagnoses. Although reporting
of skin cancer has fortunately increased again, the rebound is
thought to be incomplete, but most data still require addi-
tional adjustment for changed population age distributions.>®

These nationwide reductions in skin cancer incidence offer
a unique possibility to study the impact of diagnostic delay on
skin cancer characteristics. Researchers have hypothesized that
the delay of skin cancer diagnoses may have resulted in cases of
skin cancer progressing to unfavourable cancer stages.”'® In line
with this hypothesis, several small-scale studies have reported
thicker melanomas being diagnosed during the COVID pandemic

11-14
In contrast, recent

compared with the pre-COVID era.
single-institution studies from the UK and Belgium found no
impact of COVID-19-related delayed diagnoses on melanoma
tumour characteristics.'>"'® To the best of our knowledge, no
studies have been performed with national registry data, which
limit the effect of selection bias, to demonstrate the impact of
delayed COVID-19 diagnostics on melanoma and ¢SCC tumour
characteristics. The aim of this study was therefore to identify
the impact of delayed diagnostics due to the COVID-19 pan-
demic on primary invasive melanoma and ¢SCC patient and
tumour characteristics in the Netherlands.

Patients and methods

Study design and data source

In this population-based cohort study, all histopathology
reports on all primary cutaneous melanomas and cSCCs
between 1 January 2018 and 22 July 2021 were obtained
from the nationwide network and registry of histopathology
and cytopathology in the Netherlands (PALGA Foundation).
This included both first primary melanomas and cSCCs, as
well as subsequent melanomas and ¢SCCs.

Patient population

Histopathology reports of patients with a primary cutaneous
melanoma or ¢SCC between 2019 and 2021 were included for
the final analysis. Primary melanoma histopathology reports
were identified by searching for reports registered under rele-
vant retrieval terms (Appendix S1; see Supporting Information).
Extracted reports for both primary melanoma and cSCCs
included age, sex, and free text of the pathologists’ conclusions.

Data editing and cleaning

Manual review was performed on a selection of pathology
reports with a higher likelihood to be incorrectly classified as
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new tumour (further described in Appendix S2; see Support-
ing Information).'” For melanoma, Breslow thickness was
automatically extracted from individual histopathology reports
based on the free text using a rule-based algorithm in SAS
(SAS Institute Inc., Cary, NC, USA). The algorithm detection
of Breslow thickness in melanoma histopathology reports was
improved by manually reviewing reports in which no Breslow
thickness could be identified. For ¢SCC, it was not possible to
apply a rule-based algorithm to extract tumour diameter and
invasion depth from the free text as it was not routinely
reported. Therefore, we restricted the analyses to pathology
reports from pathology laboratories that used the PALGA pro-
tocol for synoptic reporting (51-7%). Diameter, invasion
depth, differentiation and high-risk features were registered as
separate variables in those reports. Breslow thickness for mela-
noma, and invasion depth and high-risk features for cases of
c¢SCC were categorized according to the pT 1-4 stages
reported in the 8th edition of the American Joint Committee
on Cancer melanoma and cSCC tumour—-nodes—metastasis stag-
ing systems.'® For both melanoma and c¢SCC, categorization
into substages (e.g. pT4a/b) could not be performed due to
the inability to reliably extract relevant histopathological fea-
ulceration status for

tures (e.g. melanoma) from all

histopathology reports.

Time period definitions

Cases of melanoma and cSCC were stratified by year and week
number and were further subdivided into: (i) prepandemic (1
January 2019 to 11 March 2020); (ii) first lockdown (12
March 2020 to 31 May 2020); (iii) between first and second
lockdowns (1 June 2020 to 13 October 2020); (iv) second
lockdown (14 October 2020 to 27 April 2021); and (v) after
second lockdown (28 April 2021 to 22 July 2021).

Statistical analysis

The mean age of patients and Breslow thickness across time
periods were compared using an independent t-test. Tumour
body locations, pT stage groups and c¢SCC tumour diameter
groups were compared using y’-tests. Unknown values of pT
stage, body location and Breslow thickness were excluded
from statistical comparisons. A subgroup analysis was per-
formed to assess whether the Breslow thickness distribution
varied within patients with thick (pT4) melanoma across time
periods using the Mann-Whitney U-test. P-values were cor-
rected for multiple comparisons by applying the false discov-
ery rate on all P-values per tumour type and variable.'?

Results

Melanoma

Primary invasive melanoma diagnoses during the pre-COVID
(i) and subsequent COVID time periods (ii—v) are presented
in Figure 1. A reduction in the incidence of melanoma
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diagnoses was observed during the first lockdown, after which
a recovery was seen after the lockdown was lifted. No notable
reductions in melanoma diagnoses were observed during the
second lockdown, but an increase in melanoma diagnoses was
seen after the second lockdown. As a result, the cumulative
number of primary melanoma diagnoses in 2020 (n = 7720)
was lower than in 2019 (n = 7866) (Figure S1; see Support-
ing Information), but the number of melanomas diagnosed
after the second lockdown in 2021 (n = 2439) was higher
than in the same period in 2019 (n = 2090).

Stratification of patient and tumour characteristics of pri-
mary invasive melanomas registries before and during the
COVID pandemic are presented in Table 1. Patients diagnosed
with melanoma were slightly younger (mean age 61-5 years,
SD 16; P =0:013) during the first lockdown than the pre-
COVID period (mean age 62-8 years, SD 15) and were slightly
older during the second lockdown (mean age 64-2 years, SD
15; P <0-001) and during the period after the second lock-
down (mean age 63-5 years, SD 15; P = 0-036). In both post-
lockdown periods, the topography distribution of melanoma
was less often in the head and neck region (14-5% vs. 15-0%,
P = 0-001; 12:8% vs. 15:0%, P < 0-001) and more often on
the lower extremities (23:2% vs. 20-1%, P = 0-001; 24-9% vs.
20-1%, P < 0-001) compared with the pre-COVID era.

The mean Breslow thickness did not statistically differ
between the pre-COVID era (i) vs. the following time periods
(ii-v). In line with this result, stratification of the mean and
median Breslow thickness by week number revealed very little
variation in thickness during 2019-2021 (Figures S2-S5; see
Supporting Information). However, a small shift towards unfa-
vourable pT stages was found during the first lockdown (ii)
compared with the pre-COVID time period (i): pT1 52-3% vs.
58-6%; pT2 18:9% vs. 17-8%; pT3 13-2% vs. 11-0%; pT4
9-1% vs. 7-3% (P = 0-001). No relevant changes in pT stage
distribution were seen in subsequent periods after the

lockdown. Subgroup analysis of cases of pT4 melanoma
revealed a difference in the distribution of Breslow thickness
(median 6-2 mm vs. 6-0 mm) diagnosed after the second lock-
down (time period v) compared with the pre-COVID time-
frame (time period i) (P = 0-011), but other periods showed a
distribution comparable with the pre-COVID timeframe.

Cutaneous squamous cell carcinoma

As presented in Figure 2, a steep decline in the incidence of
¢SCC diagnoses was seen during the first, but not during the
second lockdown. In contrast to melanoma incidence, no
notable surge in cSCC diagnoses was observed after the second
lockdown. During week 29 of 2021, which was the most
recent included week in this study, the cumulative number of
cSCC registries (n = 15 153) was higher than in the same
week in 2019 (n =14 191) and 2020 (n = 13 489) (Fig-
ure S6; see Supporting Information).

There was no clinically meaningful difference (ie. < 4
months) in the age distribution of patients with ¢SCC between
the pre-COVID timeframe (i) and the subsequent timeframes
(ii-v) (Table 2). With regard to topography distribution, the
post-lockdown periods (iii and v), which were both in the
spring and summer season, showed slightly fewer tumours in
the head and neck area (by about 4%) and more tumours on
the upper extremities (by about 2%) compared with the pre-
COVID timeframe (Table 2). The mean invasion depth of
SCCs was slightly lower during the timeframe between the
first and second lockdowns (3-0 vs. 3-1, P = 0-013), during
the second lockdown (3-0 vs. 3-1, P < 0-001) and after the
second lockdown (2-9 vs. 3-1, P < 0-001) compared with the
pre-COVID timeframe. Stratification of the mean and median
invasion depth on week number reveals an almost homoge-
neous distribution during 2019-2021 (Figures S7-S10; see
Supporting Information). Furthermore, comparison of the
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Figure 1 Cases of primary melanoma in the Netherlands during 2019-2021.
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Figure 2 Cases of primary cutaneous squamous cell carcinoma in the Netherlands during 2019-2021.

¢SCCs pT stage distribution revealed no significant change be-
tween the pre-COVID (i) and subsequent COVID timeframes

(ii—v).

Discussion

This nationwide study of a delayed diagnosis of melanoma
and cSCC revealed only a minor shift towards unfavourable
melanoma pT stages during the first lockdown in the Nether-
lands and no impact on the time periods afterwards. This is a
remarkable finding because a priori an unfavourable effect of
a delayed diagnosis was expected.”'°

One explanation for our findings could be that although a
rebound in melanoma and ¢SCC diagnoses was observed after
the first lockdown, not all undiagnosed melanomas and ¢SCCs
are yet diagnosed in the period of this study. However, given
the long follow-up time of >1 year after the first lockdown it
seems unlikely that many aggressive skin tumours are still
undetected. Furthermore, the limited impact on tumour char-
acteristics may be explained by a slower than previously
assumed growth rate of melanomas and ¢SCCs. Studies report-
ing on the tumour growth rates of these skin cancer types are
typically based on patients’ recalled dates of first noticing a
skin lesion, the first moment of considering this lesion suspi-
cious, and the date of diagnosis or excision. 2023 However,
the varying reliability of patients to accurately recall these
dates may limit the reliability of these studies. Nevertheless,
prediction models estimating an unfavourable effect on
tumour diameter and prognosis due to delayed diagnostics
were based on these studies.”'®

Our study revealed an increased Breslow thickness for cases
of pT4 melanoma in the last time period (v) compared with
the pre-COVID timeframe, suggesting that thick melanomas
have grown slightly thicker due to delayed diagnostics. How-
ever, this effect was only observed during the last timeframe,

© 2022 The Authors. British Journal of Dermatology

and would have been observable in an earlier time period
after the first lockdown if melanomas were indeed growing as
fast as previously reported. This finding strengthens the
hypothesis that melanomas and ¢SCCs may grow slower than
previously assumed. A third hypothesis could be that only
slow-growing tumours were delayed in being diagnosed and
that the diagnosis of fast-growing tumours, despite the pan-
demic, was not delayed.

Although a limited impact on tumour characteristics was
found in this study, the impact of the pandemic on skin can-
cer treatment should not be dismissed. A recent study reported
a significant delay in immunotherapy treatment of patients
with advanced melanoma in the Netherlands. Moreover, a sig-
nificant increase in brain metastases and worse performance
status was found during the second lockdown.** While the
increase in brain metastases may have resulted from improved
screening instead of treatment delay, these results still suggest
an unfavourable impact on patients with advanced melanoma
care during the pandemic.

A strength of this study is the use of nationwide registry
data, thereby including all histopathology confirmed invasive
melanomas and ¢SCCs in the Netherlands, which avoided the
occurrence of selection bias. Another strength is the use of an
algorithm to extract tumour characteristics, allowing for faster
reporting of the impact of delayed diagnostics during the pan-
demic compared with manual registration of patient data.
Nevertheless, our study was limited by focusing on a small
number of high-risk primary tumour characteristics of mela-
noma and c¢SCC and did not take into account the distribution
of patients with lymph node or distant metastasis across the
different time periods.

In conclusion, this study revealed a limited impact of
delayed diagnostics due to the COVID-19 pandemic on ¢SCC
and melanoma tumour characteristics in the Netherlands.
Follow-up studies in the coming years are needed to identify
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the impact on patients’ survival due to postponed treatments
or still undiagnosed skin cancer cases.
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