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Environmental Exposure to Particulate Matter
10 and Mycosis Fungoides: No Evidence of
Increased Risk
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TO THE EDITOR
Mycosis fungoides (MF) is the most
common type of cutaneous T-cell lym-
phoma characterized by the clonal
proliferation of skin-homing CD4-
positive T cells that tend to colonize
the epidermis (Wohl and Tur, 2007).

The increasing incidence of MF has
prompted speculation about the role of
environmental and lifestyle factors in
the risk of lymphoproliferative diseases
(Wohl and Tur, 2007). Continuous
activation of skin T helper lymphocytes
is believed to lead to the malignant
transformation of specific clones. Po-
tential risk factors include occupational
chemicals exposure, radiation, drugs,
and infections. In addition, chronic
inflammation and sustained immune
activation may select neoplastic clones.
These factors may explain, along with
exposure to systemic immunosuppres-
sive therapies, the increased risk of
cutaneous T-cell lymphoma in patients
with psoriasis (Bellinato et al, 2022).

The specific link between environ-
mental particulate air pollution expo-
sure and the risk of MF has been poorly
investigated. Recent epidemiologic
studies found that patients with cuta-
neous T-cell lymphoma reside in urban
areas near benzene- and trichloroethy-
lene-emitting sites (Korgavkar et al,
2013). However, the role of pollutants
in the incidence of cutaneous T-cell
lymphoma is not yet clear, because
there are clusters with high incidence
near areas with low incidence
(Korgavkar et al, 2013). The aim of this
study was to assess the association be-
tween particulate matter (PM) exposure
and the risk of MF. This case-control
study included histopathologically
confirmed MF cases consecutively
recorded at the University Hospital of
Verona and Bologna (Figure 1). The
cases were matched with healthy con-
trols who attended the clinics for nevi
monitoring during the same time and
from the same geographic area in a
1:10 ratio. To avoid potential biases, the
geographic distribution of cases and
controls was verified using geographic
mapping software. This allowed us to
ensure that cases and controls were
similarly distributed across the study
areas of Verona and Bologna, mini-
mizing the risk of topographical con-
founding. We excluded patients who
had moved to another province at the
beginning of the study and omitted
from the analysis those who relocated
during the follow-up period. Socio-
demographic data, including age, sex,
current or previous smoking habits, and
residential address, were collected for
both cases and controls. The residential
address was used to determine the
average daily exposure to coarse PM
(2.5e10.0 mm in diameter, ie, PM10)
from January 1, 2013 to January 1,
2021. PM10 mass concentrations at a 1
km2 spatial resolution and daily tem-
poral resolution were estimated using a
space-time statistical model, with the
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Figure 1. Geographic distribution of the cases (red cross) and controls (blue dots) included in the study.
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interpolation process relying on a
Bayesian hierarchical approach. PM10
concentrations were calculated for
each day by employing independent
Table 1. Mean PM10 Exposure per Ye
(2013e2021)

Years (Mean – SD) MF (293)

2013e2021 31.23 � 4.39

2013 32.99 � 5.33

2014 29.28 � 4.23

2015 35.22 � 5.07

2016 30.42 � 4.14

2017 33.69 � 4.75

2018 29.36 � 3.78

2019 29.42 � 4.03

2020 30.10 � 4.06

2021 30.54 � 4.99

Abbreviations: MF, mycosis fungoides; PM10, partic
spatial and spatiotemporal explanatory
variables alongside PM10 monitoring
data registered in the InfoARIA data-
base by ISPRA (Istituto Superiore per la
ar in Patients with MF and Controls

Controls (2554) P-Value

31.17 � 4.97 .876

33.55 � 5.22 .265

30.03 � 3.88 .050

35.32 � 5.30 .835

30.63 � 4.15 .596

33.17 � 5.39 .304

29.47 � 3.95 .776

29.40 � 4.08 .959

29.49 � 4.69 .161

29.43 � 6.05 .049

ulate matter 10.
protezione e la ricerca ambientale). The
average concentrations of PM10 were
assigned to each participant on the
basis of their residential address,
providing an estimate of their long-term
exposure to these air pollutants. As a
sensitivity analysis, we compared the
average levels of PM10 exposure in
patients with MF with that in the con-
trols after matching for sex and age. The
primary analysis involved multivariable
logistic regression to assess the associ-
ation between PM exposure and MF
risk.

The study included 2847 participants:
293 patients with MF and 2254 healthy
controls. Patients with MF had a mean
age of 68.6 (SD ¼ 17.6) years, 187
(63.8%) were males; controls had a
mean age of 58.9 (SD ¼ 17.8) years,
and 1219 (47.7%) were males.
Regarding staging, 73.0% of MF cases
www.jidonline.org 2917
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were at stage IA, and 10.6% were at
stage IB. The remaining were distributed
across stages IIeIV. During the obser-
vation period, the patients were
exposed to an average concentration of
31.2 (SD ¼ 4.1) mg/m3 PM10 (set limits
of PM10 40 mg/m3). From 2013 to
2021, no differences were found in
mean PM10 levels exposure in patients
with MF versus in controls, as summa-
rized in Table 1. Sensitivity analysis
adjusting for age, sex, and smoking
confirmed no significant differences.
Univariate logistic regression showed
no association between PM10 levels
and increased risk of MF (OR ¼ 1.00,
95% confidence interval [CI] ¼
0.96e1.05, P ¼ .876). Adjusting for
age, sex, and cigarette smoking, higher
PM10 levels exposure was still not
associated with the risk of MF (OR ¼
0.97, 95% CI ¼ 0.91e1.02, P ¼ .208).
Age and male gender were associated
with higher risk of MF (OR ¼ 1.07, 95%
CI¼ 1.06e1.09, P < .01 and 2.54, 95%
CI ¼ 1.64e3.95, P < .001, respec-
tively). Cigarette smoking was not
associated with the risk of MF (OR ¼
0.39, 95% CI ¼ 0.82e2.34, P ¼ .219).

These results suggest that unlike other
conditions that are potentially influ-
enced by air pollution, PM10 exposure
alone may not contribute to the devel-
opment of MF. Our results do not rule
out the possibility that other types of
pollutants may be involved. Exposure to
chemicals in the air environment could
provide the long-term antigenic stimu-
lation required for the initiation of clonal
expansion. For instance, polycyclic ar-
omatic hydrocarbons and benzene are
known to have carcinogenic properties.
In a systematic review and meta-
analysis, Rana et al (2021) reported an
increased meta-relative risk of 1.33
(95% CI ¼ 1.13e1.57) for non-Hodgkin
lymphoma (HL) and 1.51 (95% CI ¼
1.22e1.87) in highly exposed group.

To our knowledge, the existing
studies investigating the role of air
pollution in the risk of lymphoma did
not consider cutaneous lymphoma. A
study on workplace exposure in Italy
found an elevated risk of HL among bus
drivers and maintenance workers who
were exposed to high levels of air
pollution on the job (Merlo et al, 2010).
In Denmark, research indicated that
doubling benzene and nitrogen dioxide
Journal of Investigative Dermatology (2025), Volum
concentrations during pregnancy was
linked to a 25 and 51% increase in HL
incidence in children, respectively
(Raaschou-Nielsen et al, 2001). In
Spain, a geographic study suggested a
weak link between childhood HL risk
and residential proximity to industrial
areas (Ortega-Garcı́a et al, 2017).
However, other studies observed no
increased risk or even a decreased risk
of HL among populations exposed to
industrial waste gas emissions in China
(Cong, 2018) or air pollution near
Schiphol Airport in the Netherlands
(Visser et al, 2005). A meta-analysis of
epidemiological cohort and case-
control studies found no overall evi-
dence of an increased risk of non-HL in
participants exposed to diesel exhaust
(Vilardi and Boffetta, 2022).

This study has some limitations. We
linked air pollution exposure to resi-
dential addresses but lacked data on
occupational exposures or indoor
sources, we cannot rule out that certain
patients may have relocated tempo-
rarily while maintaining the same offi-
cial residence, and we did not know
how long a patient had been living in a
given area. The study results refer to
PM10 levels up to 40 mg/m3, without
ruling out effects at much higher, un-
likely exposures. Selecting patients in
high- and low-PM10 areas and
comparing MF development rates pro-
spectively over time would be a more
appropriate approach to investigate the
association between the risk of MF and
environmental exposure to PM10.

In conclusion, although environ-
mental pollution is generally consid-
ered harmful, this specific association
was not evident in MF in our study,
prompting the need for further research
to clarify how air pollutants might
interact with other risk factors in the
pathogenesis of MF and other cuta-
neous lymphomas.
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Cutaneous Melanoma Risk Assessment among
Individuals with a High-Risk Nevus Phenotype

Journal of Investigative Dermatology (2025) 145, 2919e2921; doi:10.1016/j.jid.2025.04.028
TO THE EDITOR
Melanoma remains a significant public
health concern in the United States,
with over 200,000 cases projected in
2024, ranking as the fifth most common
cancer in both sexes (American Cancer
Society, 2024). Although population-
wide screening is not recommended
owing to the risks of overdiagnosis,
targeted screening of high-risk in-
dividuals offers potential benefits.
Effective risk stratification requires
identifying phenotypic, environmental,
and genetic risk factors.

A persistent challenge in melanoma
research is quantifying phenotypic
markers such as total nevus count and
morphology (Caini et al, 2009), espe-
cially in individuals with many nevi.
Manual counting is time consuming
and prone to error, whereas automated
3-dimensional imaging improves effi-
ciency and standardization. We con-
ducted a case-control study of
participants with high-risk melanoma
(defined as those with �50 nevi and �1
atypical nevus) recruited from Memo-
rial Sloan Kettering Cancer Center. The
study was reviewed and approved by
the Memorial Sloan Kettering Cancer
Center Institutional Review Board un-
der protocol number 16-245. All par-
ticipants provided written informed
consent. An atypical nevus was defined
as >5 mm with irregular color, shape,
or border. Cases were adults (aged �18
years) with incident invasive melanoma
confirmed within 12 months by
Memorial Sloan Kettering Cancer Cen-
ter pathology; controls were age- and
sex-matched high-risk individuals
without melanoma. Exclusions
included high-penetrance germline
mutations, acrolentiginous melanoma,
contraindications for full-body imaging,
or family history of melanoma or
pancreatic cancer. Recruitment
occurred from May 2016 to
February 2020.

Participants underwent 3-
dimensional total body photography
through Vectra WB360 Imaging System
(Canfield Scientific), which quantified
body surface area, nevus count, and
size. Lesions >5 mm were imaged for
dermoscopic assessment. Surveys, bi-
opsies, and genetic analysis provided
comprehensive melanoma risk
assessment.

Among 72 participants (34 cases, 38
controls), cases were older (aged 46.4
vs 37.7 years, P ¼ .002)
(Supplementary Table S1). Phenotypic
risk factors (fair skin, red/blonde hair,
blue eyes), which are established mel-
anoma risk factors (Han et al, 2006),
were similar between groups. Environ-
mental factors showed similar patterns,
although cases more frequently re-
ported blistering sunburns (73.5% vs
47.4%, P ¼ .02), highlighting early-life
sun exposure as a critical risk factor
(Han et al, 2006), which may have
contributed to the higher prevalence of
previous skin cancers found in cases
(47.1% vs 13.2%, P ¼ .003).
Surprisingly, no significant differences
emerged in UV exposure or sun pro-
tection behaviors, likely reflecting
heightened sun awareness in this high-
risk cohort.

A total of 27,444 nevi >2 mm were
identified, a median of 388 (inter-
quartile range ¼ 378) in cases and 313
(interquartile range ¼ 263) in controls
(P ¼ .31). Over half (53%) measured
2e3 mm, and 89.2% were <5 mm.
Although lesion size did not differ
significantly between groups, males
had larger lesions than females, both in
area (Darea ¼ 1.79 mm2, 95% confi-
dence interval ¼ 1.01e2.58 mm2, P <
.001) and diameter (Ddiameter ¼ 0.39
mm, 95% confidence interval ¼
0.24e0.54 mm, P < .001), even after
adjusting for mean body surface area.
These findings emphasize the need for
millimeter-level precision in nevus
assessment. Automated 3-dimensional
imaging showed a trend of higher total
lesion counts in cases, consistent with
prior studies linking increased nevus
counts to melanoma risk (Caini et al,
2009).

We analyzed 3241 dermoscopic im-
ages (average of 45 per participant).
Reticular patterns were the most prev-
alent in both groups, with cases
showing 33% higher odds of reticular
than of globular patterns (OR ¼ 1.33
[0.64e2.76], P ¼ .438) (Table 1).
Complex (reticulareglobular) patterns
were the largest lesions, with medians
of 5.64 mm (95% confidence interval ¼
5.43e5.83) in cases and 5.46 mm (95%
confidence interval ¼ 5.23e5.69) in
controls. Although prior studies suggest
more complex nevi in patients with
www.jidonline.org 2919
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