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Abstract

Background: Rosaceaisachronic inflammatory skin condition that predominantly manifests as facial flushing, irritation, and
acne. Rosaceaand cancer arethought to be linked by the commonality of inflammatory and immune response dysfunction. Studies
that have looked into this possible association have reported mixed results.

Objective: Given the conflicting literature on this topic, our study sought to evaluate the overall association between rosacea
and several cancers commonly investigated in the literature.

Methods: A systematic review was conducted using the Cochrane, PubMed, Embase, and Ovid databases. Studieswere screened
independently for inclusion of rosaceaand gliomaand breast, thyroid, hepatic, or skin cancers. Using information from the articles,
rosacea and each cancer were categorized as having a positive, negative, or unclear association.

Results. Our systematic review included 39 full-text studies that investigated the association between rosacea and various
malignancies. Among the malignancies of concern, 41% (16/39) of the studies reported an association with basal cell carcinoma,
with 2 cohortsrevealing an adjusted risk ratio (RR) of 1.50 (95% CI 1.35-1.67) and 0.72 (95% CI 0.56-0.93). Intotal, 33% (13/39)
of the studies reported an association with squamous cell carcinoma, with 2 cohorts revealing an adjusted RR of 1.4 (95% ClI
1.02-1.93) and 1.30 (95% CI 0.90-1.88). A total of 8% (3/39) of the studies reported an association between breast cancer and
melanoma, with breast cancer cohorts revealing an adjusted RR of 8.453 (95% Cl 1.638-43.606), 1.03 (95% CI 0.89-1.20), and
1.36 (95% CI 1.18-1.58) and melanoma cohorts revealing an adjusted RR of 1.10 (95% CI 0.95-1.27), 0.63 (95% CI 0.47-0.85),
and 0.96 (95% CI 0.57-1.62). A total of 5% (2/39) of the studies reported an association among nonmelanoma skin cancers,
hepatic cancer, and thyroid carcinomas, with nonmelanoma skin cancer cohorts revealing an adjusted RR of 1.36 (95% ClI
1.26-1.47) and 2.66 (95% Cl 1.53-4.61), hepatic cancer cohorts revealing an adjusted RR of 1.42 (95% CI 1.06-1.90) and 1.32
(95% CI 0.89-1.95), and thyroid carcinoma cohorts revealing an adjusted RR of 1.06 (95% Cl 0.68-1.65) and 1.59 (95% ClI
1.07-2.36). Only 1 cohort reported an association with glioma, revealing an adjusted RR of 1.36 (95% CI 1.18-1.58). According
to our review, patients with rosacea were statistically more likely to have nonmelanoma skin cancers, breast cancer, and glioma.
Rosacea was not found to be substantially associated with melanoma. The associations between rosacea and hepatic and thyroid
cancers were unclear because of conflicting results.

Conclusions: The current literature shows that rosacea is significantly associated with increased odds of nonmelanoma skin
cancers, glioma, and breast cancer. Rosacea does not appear to be associated with melanoma. Further studies should be conducted
to clarify the association between thyroid and hepatic cancers and rosacea.

(JMIR Dermatol 2023;6:e47821) doi: 10.2196/47821
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Introduction

Background

Rosacea is a chronic inflammatory skin condition that
predominantly manifests as persistent facial flushing, irritation,
and acneiform papules or pustules. Although the etiology of
rosacea remains unclear, a variety of factors both genetic and
environmental seem to play arole in its pathogenesis. It has
been hypothesized that elements of immune system
dysregulation, deregulation of neurovascular signaling, and
overgrowth of cutaneous pathogens are involved [1]. These
abnormal inflammatory processes impair the skin's ability to
act asaprotective barrier for the body [2]. A genetic component
has been suggested as well given that rosacea tends to appear
more frequently in patients of Northern European and Celtic
ancestry [1]. Asthe pathogenesis of rosaceaisknown to involve
an abnormal inflammatory response, studies have been
conducted to investigate its co-occurrence with other systemic
diseases. Recent studies have suggested that rosacea is
associated with a heightened risk of various chronic systemic
diseases, including hypertension, autoimmune disease,
cardiovascular disease, gastrointestinal disorders, and
dydipidemia[3], aswell as multiple psychiatric comorbidities
(major depressive disorder, persistent mood disorders,
adjustment disorder, and generalized anxiety disorder) [4]. The
complex relationship between inflammation and mental health
isyet to be clearly understood, but thereis evidence that chronic
low-grade inflammation can contribute to mental illnesses such
as depression [5]. Therefore, the inflammatory qualities of a
chronic disease such as rosacea can potentially have far-reaching
effects on patients’ mental and physical health.

In addition to the af orementioned illnesses, there have also been
many studies that have examined the association between
rosacea and various cancers. The current understanding of the
pathophysiology of this relationship is limited. However, it is
hypothesized that patients with rosacea may have an increased
risk of skin cancer because of inflammatory changesintheskin
barrier, including reduced epidermal levels of photoreceptive
transurocanic acid [6].

https://derma,jmir.org/2023/1/e47821
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Objectives

Studiesthat have investigated the relationship between rosacea
and cancer have reported inconsistent results. A recent study in
Denmark [3,6] found that patientswith rosacea had an increased
risk of developing glioma, nonmelanoma skin cancer (NM SC),
breast cancer, and hepatic cancer, whereas another study in the
United States noted that females who had a history of rosacea
had a subsequently increased risk of thyroid and basal cell
carcinoma (BCC) [7]. Dupont [8], in contrast, found no
substantial association between rosacea and skin cancers. Given
the ambiguity of these findings, we conducted a systematic
review of the current published work to evaluate the relationship
between rosacea and various commonly studied cancersin the
literature, including BCC; sguamous cell carcinoma (SCC);
Merkel cell carcinoma; melanoma; glioma; and hepatic, breast,
and thyroid carcinomas.

Methods

Eligibility and Criteria

In accordance with the PRISMA (Preferred Reporting Itemsfor
Systematic Reviews and Meta-Analyses) guidelines, we
conducted a review of observational studies on the association
between rosacea and various cancers. Case reports, case series,
case-control studies, cross-sectional studies, and cohort studies
were included.

Literature Search and Study Selection

The Cochrane, PubMed, Embase, and Ovid databases were
searched for relevant studies from inception to March 3, 2021.
The search was then updated on June 9, 2023. The search terms
are provided in detail in Multimedia Appendix 1.

Studies were included or excluded from a meta-analysis based
on the criteriaoutlined in Textbox 1.

All studies were screened by 2 independent reviewers (LT and
JX), and dligibility for inclusion was determined by screening
thetitlesand reviewing the full texts. Any conflicts of eligibility
were resolved by a third-party reviewer (WG). Using
information obtai ned from the articles, rosaceaand each cancer
were categorized as likely or unlikely associated, whereas
cancers with conflicting results were categorized as having an
unclear association.
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Textbox 1. Inclusion and exclusion criteria.
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Inclusion criteria

1. Studies that investigated patients with a diagnosis of basal cell carcinoma; nonmelanoma skin cancer; squamous cell carcinoma; Merkel cell
carcinoma; melanoma; glioma; or hepatic, breast, or thyroid carcinoma and a diagnosis of rosacea

Patients diagnosed with erythematotel angiectatic rosacea, papulopustular (or acne) rosacea, rhinophyma, or ocular rosacea

Papers studying populations in different countries

2
3
4. Casereports; series; and case-control, cohort, or cross-sectiona studies
5

Patients of all ages, sexes, and nationalities

Exclusion criteria

Papers for which full text was not available
N<1 patients

Papers not written in English

Studies conducted on nonhuman subjects

Studies including concurrent acne and rosacea

o 0 o~ W NP

Studies including diagnoses of perioral dermatitis

Data Extraction and Risk-of-Bias Assessment

Data extracted from the included studies comprised author,
publication year, title, study location, study type, total number
of patients, number of patients with rosaceavs control patients
without rosacea, general mean age, mean age of patients
presenting with rosacea, general percentage of female patients,
percentage of female patients presenting with rosacea, number
of patients who presented with a history of smoking, drinking,
confounding diseases, type of rosacea, inclusion and exclusion
criteriaused for the study, method of diagnosis of rosacea, mean
duration of rosacea, socioeconomic status association with
prevalent rosacea, number of patients with cancer in general,
number of patientswith cancer and rosacea, P value, oddsratio
(OR; 95% Cl), hazard ratio (HR), incidencerateratio, risk ratio
(RR), and any adjustments made to the statistical values. To

https://derma,jmir.org/2023/1/e47821
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assess the risk of bias of the included studies, the
Newcastle-Ottawa Quality Assessment Scale was used.

Results

Search Results

Among the 3004 articles originally identified, 2786 (92.74%)
remained after deduplication and were screened. After initial
screening, of the 2786 remaining articles, 104 (3.73%) full-text
articleswere assessed for eligibility, of which 39 (37.5%) were
eligible for our systematic review (Table 1). A total of 62.5%
(65/104) of the full texts were excluded for reasons such as
being in a non-English language, being the wrong publication
type (including conference abstracts), having the wrong study
design (including research papers), or looking at the wrong
outcomes (Figure 1). Owing to alack of available studies, we
were not able to conduct a meta-analysis.
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Table 1. Characteristics of the studies.
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Cancer
type

Study

Title (study type) Total num-
ber of pa-
tients

Age (years),

mean (SD)

Female pa-

tients

Method of can-
cer diagnosis

Inclusion and ex-
clusion criteria

Statistical results

BCC?

BCC

Lieta [7], Personal history

2015

Lineta
[9], 2023

of rosacea and
risk of incident
cancer among
women in the
United States
(prospective-retro-
spective mixed
cohort study)

75,088
(United

States)

Rosacea: 37.6  100%

(4.1); control:

36.2 (4.7)

Single-ingtitution 4537 (United Nonrosacea:

retrospective
study evaluating
personal history
of rosaceaand
risk of BCC of
the face (retro-
spective, popula-
tion-based cohort
study)

States)

72.4 (12.8);
rosacea: 72.2
(12.3)

Nonrosacea:
1048 (45%);
rosacea: 59
(47.6%)

Pathologically
confirmedinva-
sive casesvia
medical record
and self-report

Confirmed via

the 1CD-10¢
code, whereas
267 had ahisto-
ry of provider-
or patient-report-
ed rosacea ac-
cording to
available medi-
cal records

NHS 11° records
excluding records
for which there
was missing date
of birth, record of
all cancersat
baseline, and all
responses from
racial and ethnic
minority people

N/A®

Outcome: BCC
was found to be
significantly
higher among pa-
tientswith
rosacea as com-
pared with con-
trols, adjusted
RR®=1.50 (95%
Cl 1.35-1.67) and
P<.05; adjusted
for age, BMI, a-
cohol consump-
tion, physical ac-
tivity, physical
examination,
multivitamin use,
smoking status,
ora contraceptive
use, menopausal
status, post-
menopausal hor-
mone use, and
use of medica
tions (including
tetracycline,
isotretinoin, and
antibiotics)

Outcome: BCC
occurring on the
face or head and
history of rosacea
weresignificantly
lower than in pa-
tients without
history of

rosaces, aOR'
0.72 (95% CI
0.56-0.93); facial
BCC: P<.001,;
nonfacial BCC:
P<.58; adjusted
for multivariate
logistic regres-
sion analysis ad-
justed for age,
sex, smoking his-
tory, and skin of
color
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Cancer Study Title(study type) Total num-  Age(years), Femalepa- Method of can- Inclusionand ex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria
tients
sccd Lineta Prospectivestudy 90,238 Nonrosacea:  N/A Study partici-  N/A Outcome: rosacea
[10], 2022 evaluating the (United 36.1(4.7); pants completed had an overall
personal history — States) rosacea: 37.6 biennial ques- significant associ-
of rosaceaand 4.1) tionnaires that ation with cSCC,
risk of cutaneous gathered medi- especially when
SCC among cal history, in- developed on the
women in the cluding clini- head and neck.
United States cian-diagnosed Rosacea had no
(retrospective, csceh and significant associ-
population-based rosacea. During ation with
cohort study) the follow-up, non-head and
577 cSCC cases neck SCC,; adjust-
were document- ed RR=1.4 (95%
ed and con- Cl 1.02-1.93);
firmed via Cox proportional
pathology re- hazard model and
ports. multivariate mod-
el with adjust-
mentsfor ageand
other cancer risk
factors
SCC Lieta [7], Persond history 75,088 Rosacea: 37.6  100% Pathologically  NHSII records ~ Outcome: there
2015 of rosaceaand (United (4.1); control: confirmedinva- excludingrecords were no statisti-
risk of incident ~ States) 36.2 (4.7) sivecasesvia  for whichthere  cally significant
cancer among medical record wasmissing date associations
women in the and self-report  of birth, recordof  found between
United States all cancers at rosaceaand SCC;
(prospective-retro- baseline, and all  adjusted
spective mixed responsesfrom  pRi=1.30 (95%
cohort study) racial and ethnic ¢ 0.90-1.88);
minority people adjusted for age,
BMI, alcohol
consumption,
physical activity,
physicd examina-
tion, multivita-
min use, smoking
gatus, ord contra-
ceptive use,
menopausal sta-
tus, post-
menopausal hor-
mone use, and
use of medica-
tions (including
tetracycline,
isotretinoin, and
antibiotics)
NMSC) Egeberget Rosaceaandrisk 4,361,688 Rosacea: 53.7 Rosacea ICD-10 code All Danishadults Outcome: pa-
al[6],2017 of cancerinDen- (Denmark)  (16.5); con- 68%; con- C73inDNPRK (2ged 18years) tients diagnosed
mark (retrospec- trol: 48.6 trol: 50.6%  medical record diveandresiding with rosacea
tive, population- (18.0) inDenmark on  were statistically

based cohort January 1, 2008. morelikely to de-

study) Patientswerefol- velop NMSC
lowed up from compared with
study start until  patientsin the
December 31, reference popula
2012; death; mi-  tion; adjusted

gration; or the oc-
currence of an
end point,
whichever came
first.

HR=1.36 (95%
Cl 1.26-1.47) and
P<.001; adjusted
for age, sex,
SES, and health
care consumption
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Cancer Study Title (study type) Total num-  Age(years), Femaepa- Method of can- Inclusionandex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria
tients
NMSC Cho et al Risk of SkinCan- 11,420 61.2% 64.7% NHISS™in Patientswith pre-  Outcome: rosacea
[11], 2022 cer and Actinic ~ (South Ko-  (n=6698) were (n=7092) South Korea existing principal  had a significant
Keratosisin Pa-  rea) inthe age was used to diagnoses of the  association with
tients with range of 40 to compileclaims  terget diseasebe- - the development
Rosacea: A Na- 59 years. from January fore the index of NM SC; adjust-
tionwide Popula 2010toDecem- datewereexclud- ed HR=2.66
tion-based Cohort ber 2019 with  €d- Toestablisna (95% CI 1.53-
Study (retrospec- >1 relevant well-matched 4.61); multivari-
tive, population- ICD-10 codes  control group, able stratified
based cohort (actinic kerato-  they used specific - Cox proportional
study) ds L570; KC™ criteria, |ncl uding hazard model
Ca4 and Do S @ge, income,
melanoma: C43 and resi Qence, at
. al:2ratio. Any
'?r?g cgcr)liergas- study patients
; : lacking suitable
((::aln%e(r:'OlC(:):rLgCtal mf:\jtched c?ntrols
) ' and control pa-
gnlc?ii?/g? ccaﬁo tients with previ-
cer: C22) oustarget disease
’ diagnoses were
subsequently ex-
cluded from the
analysis. Thein-
dex date for pa-
tientswith
rosaceawas set
as the date of
their initial diag-
nosis, with con-
trol patient index
dates adjusted ac-
cordingly. The
observation pefi-
od extended until
December 31,
2019, andindivid-
uals who passed
away without ex-
periencing the
target disease di-
agnosiswere cen-
sored.
Breastcan- Egeberget RosaceaandRisk 4,361,688 Rosacea: 53.7 Rosacea: ICD-10 code All Danishadults Outcome: pa-
cer al[6],2017 of CancerinDen- (Denmark)  (16.5); con- 68%; con- C73inDNPR  (aged 18years) tientswith
mark (retrospec- trol: 48.6 trol: 50.6%  medical record aiveandresiding rosaceawere
tive, population- (18.0) in Denmark on morelikely to de-
based cohort January 1, 2008.  velop breast can-
study) Patientswerefol- cer compared
lowed up from with patients
study start until  without a history
December 31, of rosacea; aOR
2012; death; mi-  8.453 (95% Cl
gration; ortheoc-  1.638-43.606)
currence of an and P=.01; adjust-
end point, ed for multivari-
whichever came  ate model

first.
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Cancer Study Title (study type) Total num-  Age(years), Femaepa- Method of can- Inclusionandex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria

tients
Breastcan- Lieta Epidemiological 794 analyzed Overal: 355 Rosacea Previousdiagno- 5randomly sdlect- Outcome: no sig-
cer [12],2020 features of and 10,095  (19.1); female 82.61%;con- sisatclinicsor edneighborhoods nificant increase
rosaceain enrolled patientswith  trol: 70.65% superior-level  that were then in the occurrence
Changsha, China:  (China) rosacea: 37.4 hospitals classifiedinto so- of breast cancer
A population - (10.2); male cioeconomicstra-  in patients with
based, cross - patients with ta(rich, moder-  rosacea; adjusted
sectional study rosacea: 42.8 ate, and poor), RR=1.03 (95%
(population- (15.2); pa withonecommu- Cl 0.89-1.20);
based cross-sec- tientswith nity from each adjusted for age,
tional case-con- rosacea ovef- stratum selected. BMI, acohol
trol study) al: 38.4(11.3) All Han Chinese  consumption,
citizens from physical activity,
these 15 commu-  physica examina-
nitieswith 4025  tion, multivita-
families and min use, smoking
12,775 individu- ~ dtatus, oral contra-
aswereinclud-  ceptive use,
ed. Of these, 628 menopausal sta-
families chose tus, post-
not to attend the  menopausal hor-
interview and mone use, history
were excluded of severeteenage
from the study. acne, and use of
Thefinal sample medications (in-
sizewas 10,095.  cluding tetracy-
cling,
isotretinoin, and
antibiotics). Addi-
tionally adjusted
for persona histo-
ry of benign
breast disease,
family history of
breast cancer, age
at first birth and
parity, age at
menarche, height,
and BMI at the
age of 18 years.
Breastcan- Lieta [7], Persona history 75,088 Rosacea: 37.6  100% Pathologically  NHSII records ~ Outcome: female
cer 2015 of rosaceaand (United (4.1); control: confirmedinva- excludingrecords patientswith adi-
risk of incident ~ States) 36.2 (4.7) sivecasesvia  for whichthere  agnosis of
cancer among medical record wasmissing date rosaceawere
women in the and self-report  of birth, recordof more likely to
United States all cancers at have had breast
(prospective-retro- baseline, and all  cancer; however,
spective mixed responsesfrom  male patients
cohort study) racial and ethnic ~ with rosacea had

minority people

no significant in-
creasein breast
cancer incidence;

IRR® (person-
years): over-
all=1.36 (95%ClI
1.18-1.58); fe-
males=1.27 (95%
Cl 1.05-1.54);
males=1.47 (95%
Cl 1.17-1.84);
overal: P<.001;
females; P=.02;
males: P<.001;
IRR adjusted for
age, sex, and SES
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Cancer Study Title (study type) Total num-  Age(years), Femaepa- Method of can- Inclusionandex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria
tients
Glioma Egeberg et  Association of 5,416,138 Rosacea: 42.2 Rosacea Hospita diagno-  Inclusion: Danish  Outcome: al-
al [3],2016 RosaceaWith (Denmark)  (16.5); con- 67.3%; con- sisof glioma citizensaged=18 though the corre-
Risk for Glioma trol: 40.8 trol: 50.4%; (ICD-8P code ~ Yearson January lation was weak,
in aDanish Na- (19.7) females: 191andicD-10 11997, orthe  thestudy found a
tionwide Cohort 45,994 codes C71, subsequent day  significantly in-
Study (nation- (67.3%)with  p33 andD43) they reached 18  creased risk of
wide cohort rosaceaand recordedinthe Ye€ars Individuals gliomain patients
study) 2,732029  pNPR werefollowedup with rosacea;
(50.4%) con- until December  rosacea-associat-
trols, males: 31, 2011; migra- ed increased risk
22,378 tion; adiagnosis  of gliomawas
(32.7%) with of glioma; or greater in males
rosacea and death owing to than in females;
2,684,509 any cause, IRR (person-
(49.6%) con- whichever came  years): over-
trols first. Excluson  all=1.36 (95% Cl
criteria: patients  1.18-1.58); fe-
withrosaceaor  maes=1.27 (95%
gliomaat base-  Cl 1.05-1.54);
line men=1.47 (95%
Cl 1.17-1.84);
overall: P<.001;
females: P=.02;
males: P<.001;
IRR adjusted for
age, sex, and SES
Hepatic Egeberg et RosaceaandRisk 4,361,688 Rosacea: 53.7 Rosacea ICD-10 code All Danishadults Outcome: pa-
cancer al [6],2017 of CancerinDen- (Denmark)  (16.5); con- 68%; con- C73inDNPR  (aged 18years) tientswith
mark (retrospec- trol: 48.6 trol: 50.6%  medical record diveandresiding rosaceahad an
tive, population- (18.0) inDenmark on  increased risk of
based cohort January 1, 2008.  developing hepat-
study) Patientswerefol- ic cancer; adjust-
lowed up from ed HR=1.42
study start until  (95% CI 1.06-
December 31, 1.90) and P=.02;
2012; death; mi-  adjusted for age,
gration; ortheoc- sex, SES, and
currence of an health care con-
end point, sumption

whichever came
first.
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Cancer Study Title (study type) Total num-  Age(years), Femaepa- Method of can- Inclusionandex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria
tients
Hepatic Cho et al Risk of SkinCan- 11,420 61.2% 64.7% NHISSinSouth Peatientswithpre- Outcome: rosacea
cancer [11],2022 cerand Actinic  (South Ko-  (n=6698) were (n=7092) Koreawasused existingprincipal had no significant
Keratosisin Pa-  rea) inthe age to compile diagnoses of the  association with
tientswith range of 40 to claimsfrom target disease be-  the development
Rosacea: A Na- 59 years. January 2010to fore theindex of hepatic cancer;
tionwide Popula- December 2019 datewereexclud- adjusted
tion-based Cohort with=1relevant ed. Toestablisha HR=1.32 (95%
Study (retrospec- ICD-10 codes  well-matched Cl 0.89-1.95);
tive, population- (actinic kerato-  control group, multivariable
based cohort Sis: L570; KC:  they used specific  stratified Cox
study) C44and D04;  criteria, including proportional haz-
melanoma: C43  sex, age, income, ard model
and DO3; gas=  and residence, at
tric cancer: al:2ratio. Any
C16; colorectal  study patients
cancer: C18, lacking suitable
C19,and C20; matched controls
and liver can-  and control pa-
cer: C22) tients with previ-
oustarget disease
diagnoses were
subsequently ex-
cluded from the
analysis. Thein-
dex date for pa-
tientswith
rosacea was set
as the date of
their initial diag-
nosis, with con-
trol patient index
dates adjusted ac-
cordingly. The
observation pefi-
od extended until
December 31,
2019, andindivid-
uals who passed
away without ex-
periencing the
target disease di-
agnosiswere cen-
sored.
Thyroid Egeberget RosaceaandRisk 4,361,688 Rosacea: 53.7 Rosacea: ICD-10 code All Danishadults Outcome: no sig-
cancer al[6],2017 of CancerinDen- (Denmark)  (16.5); con- 68%; con- C73inDNPR  (aged 18years)  nificant increase
mark (retrospec- trol: 48.6 trol: 50.6%  medical record aliveandresiding in the develop-
tive, population- (18.0) in Denmark on ment of thyroid
based cohort January 1, 2008.  cancer in patients
study) Patientswerefol-  with rosacea; ad-
lowed up from justed HR=1.06
study start until  (95% CI 0.68-
December 31, 1.65) and P=.80;
2012; death; mi-  adjusted for age,
gration; ortheoc- sex, SES, and
currence of an health care con-
end point, sumption

whichever came
first.
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Cancer Study Title (study type) Total num-  Age(years), Femaepa- Method of can- Inclusionandex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria

tients
Thyroid Lieta [7], Persona history 75,088 Rosacea: 37.6  100% Pathologically NHSII records ~ Outcome: found
cancer 2015 of rosaceaand (United (4.1); control: confirmedinva- excludingrecords anincreaseinthe
risk of incident  States) 36.2 (4.7) sivecasesvia  for whichthere  development of
cancer among medical record was missing date thyroid cancer in
women in the and self-report  of birth, record of  patients with
United States al cancers at rosaces; adjusted
(prospective-retro- baseling, andal RR=1.59 (95%
spective mixed responsesfrom  Cl 1.07-2.36) and
cohort study) racial and ethnic  P<.05; adjusted
minority people  for age, BMI, al-
cohol consump-
tion, physical ac-
tivity, physical
examination,
multivitamin use,
smoking status,
oral contraceptive
use, menopausal
status, post-
menopausal hor-
mone use, and
use of medica-
tions (including
tetracycline,
isotretinoin, and
antibiotics)

Melanoma Egeberget RosaceaandRisk 4,361,688 Rosacea: 53.7 Rosacea: ICD-10 code All Danishadults Outcome: no in-
a [6],2017 of CancerinDen- (Denmark)  (16.5); con- 68%; con- C73inDNPR  (aged 18 years)  creased occur-

mark (retrospec- trol: 48.6 trol: 50.6%  medical record aiveandresiding rence of

tive, population- (18.0) inDenmark on  melanomain pa-

based cohort January 1, 2008. tientswith

study) Patientswerefol-  rosacea; adjusted
lowed fromstudy HR=1.10 (95%
start until Decem-  Cl 0.95-1.27) and
ber 31, 2012; P=.19; adjusted
death; migration; for age, sex, SES,
or theoccurrence and health care
of anend point,  consumption
whichever came
first.

Melanoma Ericksonet Sex differences 186,829 N/A Overall: N/A A medical record Outcome: cuta-
al [13], for incident can-  (United 76% diag- datarepository  neous melanoma
2019 cer in patients States) nosed with (>6 millionpa  wasinversely as-

with rosacea: Re- cancer of tients) was sociated with
al-world evidence some type searched (using  rosaceainfemale
fromalargeMid- (not necessar- ICD-9%and ICD-  Patients (aOR
western US pa- ily 10 codes) for data 0.63, 95% ClI
tient population melanoma) from patientsof ~ 0-47-0.85;
(retrospective, dermatology with P=.003;
population-based arosaceadiagno- |RR=10.41 per
cohort study) sisvs patients 10,000 fe-

without rosacea
asacontrol popu-
lation (=1-year
follow-up; Jan-
uary 2001-
November 2018)
and who had a
subsequent diag-
nosis of any can-
cer

malesly) but not
in male patients;
adjusted for age
and race
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Cancer Study Title (study type) Total num-  Age(years), Femaepa- Method of can- Inclusionandex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria
tients
Melanoma Lietd [7], Persona history 75,088 Rosacea: 37.6  100% Pathologically NHSII records ~ Outcome: nosig-
2015 of rosaceaand (United (4.1); control: confirmedinva- excludingrecords nificant increase
risk of incident  States) 36.2 (4.7) sivecasesvia  forwhichthere  inthe develop-
cancer among medical record was missing date ment of malig-
women in the and self-report  of birth, recordof nant melanomain
United States all cancers at patients with
(prospective-retro- baseline, and all  rosacea; adjusted
spective mixed responsesfrom  RR=0.96 (95%
cohort study) racial and ethnic  Cl 0.57-1.62);
minority people  adjusted for age,
BMI, alcohol
consumption,

physical activity,
physicd examina-
tion, multivita-
min use, smoking
status, ora contra-
ceptive use,
menopausal sta-
tus, post-
menopausal hor-
mone use, and
use of medica
tions (including
tetracycline,
isotretinoin, and
antibiotics)
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Cancer Study Title (study type) Total num-  Age(years), Femaepa- Method of can- Inclusionandex- Statistical results
type ber of pa- mean (SD) tients cer diagnosis clusion criteria
tients
Melanoma Choeta Risk of SkinCan- 11,420 61.2% 64.7% NHISSinSouth Peatientswithpre- Outcome: rosacea
[11], 2022 cer and Actinic ~ (South Ko-  (n=6698) were (n=7092) Koreawasused existing principal had no significant
Keratosisin Pa-  rea) inthe age to compile diagnoses of the  association with
tientswith range of 40 to claimsfrom target disease be-  the development
Rosacea: A Na- 59 years. January 2010to fore theindex of melanoma; ad-
tionwide Popula- December 2019 datewereexclud- justed HR=1.69
tion-based Cohort with=1relevant ed. Toestablisha (95% CI 0.25-
Study (retrospec- ICD-10 codes  well-matched 11.37); multivari-
tive, population- (actinic kerato-  control group, able stratified
based cohort Sis: L570; KC:  they used specific  Cox proportional
study) C44and D04;  criteria, including hazard model
melanoma: C43  sex, age, income,
and DO3; gas=  and residence, at
tric cancer: al:2ratio. Any
C16; colorectal  study patients
cancer: C18, lacking suitable
C19,and C20; matched controls
and liver can-  and control pa-
cer: C22) tients with previ-

oustarget disease
diagnoses were
subsequently ex-
cluded from the
analysis. Thein-
dex date for pa-
tients with
rosacea was set
as the date of
their initial diag-
nosis, with con-
trol patient index
dates adjusted ac-
cordingly. The
observation pefi-
od extended until
December 31,
2019, andindivid-
uals who passed
away without ex-
periencing the
target disease di-
agnosiswere cen-
sored.

3BCC: basal cell carcinoma.

PNHS I1: Nurses Health Study 11.

°RR: risk ratio.

4 CD-10: International Classification of Diseases, 10th Revision.

EN/A: not applicable.
faOR: adjusted odds ratio.

9SCC: squamous cell carcinoma.
hesce: cutaneous sguamous cell carcinoma.

IHR: hazard ratio.

INMSC: nonmelanoma skin cancer.
KDNPR: Danish National Patient Register.

ISES: socioeconomic status.

MNHISS: National Health Insurance Sharing Service.
K C: keratinocyte carcinoma.

9RR: incidence rate ratio.

PICD-8: International Classification of Diseases, Eighth Revision.
9 CD-9: International Classification of Diseases, Ninth Revision.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram for the review on rosacea and its association with

various cancers.
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Risk of Bias of the Included Studies

Therisk of bias of the studiesincluded for the statistical analysis
is summarized in Figures 2 [3,6,7,9-11,13] and 3 [12]. The
Newcastle-Ottawa Quality Assessment Scalewas used to assess
the bias found in atotal of 21% (8/39) of the studies included
for analysis. Of these 8 studies, 7 (88%) were rated as having

https://derma,jmir.org/2023/1/e47821

RenderX

a low risk of bias based on a Newcastle-Ottawa Quality
Assessment Scale for cohort studies score of =5 (Figure 2).
There was 1 study for which we had to use the
Newcastle-Ottawa Quality Assessment Scale for case-control
studies and that was also determined to have alow risk of bias
with a score of =5 (Figure 3).
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Figure 2. Detailed Newcastle-Ottawa Quality Assessment Scale of each included cohort study [3,6,7,9,10,11,13,14].
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Figure 3. Detailed Newcastle-Ottawa Quality Assessment Scale of each included case-control study [12,14].
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Rosacea and BCC

Our search returned 41% (16/39) of papers examining the
relationship between rosacea and BCC. Of these 16 papers, 2
(12%) were cohort studies, the first investigating the impact of
apersonal history of rosacea on the risk of developing BCC in
females in the United States and the second investigating the
impact of apersonal history of rosaceaon therisk of developing
facial BCC in females in the Providence, Rhode Island, region
[7]. In the first study, 424 patients with rosacea and 4552 age-
and sex-matched control swithout rosaceawere followed up for
reports of the development of cancer. The mean age of the study
sample was 37.6 (SD 4.1) years for patients with rosacea and
36.2 (4.7) years for the control group. The prevalence of BCC
was found to be significantly higher among patientswith rosacea
compared with controls [7].

https://derma,jmir.org/2023/1/e47821
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In the second study, of the 4537 patients diagnosed with BCC
from October 2016 to November 2020 in the Rhode Island
region, 2453 had BCC on the face, and of them, 267 had a
history of rosacea. A multivariate model with adjustments for
age, sex, smoking history, skin color, and other cancer risk
factors was developed. Results for chi-square and R statistic
analysisindicated that facial BCC in patients with a history of
rosaceawas significantly lower than in patients without rosacea
(3.80 vs5.07 per 100 patients; P<.001). When comparing BCC
of the body, no significant difference was found between
patients with a history of rosacea and patients without rosacea
(3.95 vs 4.22 per 100 patients; P<.58) [9].

The other 88% (14/16) of paperson rosaceaand BCC comprised
case series or case reports. Notably, al reported cases detailed
male patients with rhinophymatous rosacea who were later
diagnosed with BCC in the area of the nodular lesion (Table 2).
Lazzeri et a [15] presented a case series and literature review
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inwhich they found atotal of 46 patients (including 3 new cases
of their own) with rhinophyma that went on to develop
cutaneous cancer. Of these patients, 28 were diagnosed with
BCC, 11 werediagnosed with SCC, 4 were diagnosed with SCC
and BCC, and 1 was found to have angiosarcoma. Common
presenting symptoms in these patients included sudden

Thapaet a

progressive enlargement of long-standing rhinophyma in both
BCC and SCC cases and additional symptoms of ulceration,
mal odorous drainage, and serous discharge in SCC cases[15].
Interestingly, BCC was less likely than SCC to present with
sudden ulceration, bleeding, or serousdischarge, although such
symptoms have certainly been observed [16-20].

Table 2. Characteristics of case series and reports that investigated basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) in patients with

rosacea.
Study, year Cancer type Cases, n Type of preexisting rosacea Geographic location
Acker and Helwig [21], 1967 BCC 5 Rhinophyma Washington, DC
Baruchin et al [22], 1998 BCC 4 Rhinophyma Israel
Keefeet al [17], 1988 BCC 1 Rhinophyma Scotland
Kwah and Lawrence [18], 2011 BCC 1 Rhinophyma North Carolina
Lazzeri et a [15], 2012 BCC 2 Rhinophyma Pisa, Italy
Leyngold et al [23], 2008 BCC 1 Rhinophyma Nevada, United States
McKennaand McKenna[19], 2006 BCC 1 Rhinophyma Northern Ireland, United Kingdom
Nambi et al [20], 2008 BCC 1 Rhinophyma Saudi Arabia
Plenk [24], 1995 BCC 2 Rhinophyma Utah, United States
Rees [25], 1955 BCC 2 Rhinophyma New York, United States
Silvis and Zachary [26], 1990 BCC 1 Rhinophyma Minneapolis, United States
Zabbiaet a [27], 2014 BCC 6 Rhinophyma Palmero, Italy
Kornblut and Evers[28], 1973 SCC 1 Rhinophyma Maryland, United States
Broadbent and Cort [29], 1977 SCC 2 Rhinophyma England
Barankin [16], 2005 BCC 1 Rhinophyma Canada
Jain et a [30], 1973 SCC 1 Rhinophyma Udaipur, India
Kesty and Baldwin [31], 2017 SCC 1 Rhinophyma Florida, United States
Lazzeri et a [15], 2012 SCC 1 Rhinophyma Pisa, Italy
Lutz and Otley [32], 2001 SCC 1 Rhinophyma Florida, United States
Rizzi et a [33], 2016 scc 1 Rosacea Milan, Italy
Ross and Davies[34], 1991 SCC 1 Rhinophyma London, United Kingdom
Tamir et a [35], 1999 SCC and BCC 1 Rhinophyma Washington, United States
Theotoka et al [36], 2020 SCC 2 Ocular rosacea Miami, United States
Chlebickaet al [37], 2021 BCC 2 Rhinophyma Wroctaw, Poland
1.09-2.69). Findings indicated no significant statistical

Rosacea and SCC

Our search returned 33% (13/39) of studies examining the
relationship between rosacea and SCC. Of these, one was a
cohort study investigating the impact of a personal history of
rosacea on therisk of developing SCC in femalesin the United
States. In this study, 577 cases of SCC were isolated from a
population of 90,238 females. A Cox proportional hazard model
and multivariate model with adjustments for age and other
cancer risk factors were developed. The results indicated that
rosacea was significantly associated with overall cutaneous
SCC (RR 1.40, 95% CI 1.02-1.93). In this study, the location
of SCC was also divided into 2 groups—head and neck and
nor—head and neck—which were also compared with the history
of rosacea. The results indicated that rosacea was significantly
associated with head and neck SCC (RR 1.71, 95% ClI

https://derma,jmir.org/2023/1/e47821

associ ations between rosacea and non—head and neck SCC (RR
1.21, 95% CI 0.78-1.90) [10].

The second study investigated various cancer risks among
females in the United States with a history of rosacea. Among
atotal of 75,088 females, 6015 patients were diagnosed with
rosacea from 1991 to 2011, with 452 SCC diagnoses
documented. A Cox proportional hazard model and multivariate
model with adjustments for age, BMI, alcohol consumption,
smoking history, and other cancer risk factors were developed.
Theresultsindicated that there were no statistically significant
associations between rosacea and SCC (HR 1.30, 95% CI
0.90-1.88) [7].
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The other 85% (11/13) of the studieswere case series and reports
that examined the association between rosaceaand SCC. Again,
al studies identified SCC development in patients with
long-standing rhinophyma (Table 2). Notably, Kesty and
Baldwin [31] reported the case of a patient aged 67 years with
no previous history of cancer who presented with an enlarging
left nasal mass of 4 months. Aninitial punch biopsy diagnosed
rhinophyma, and the patient was sent home. The patient
presented back to the hospital several weeks later with new
reports of ulceration, drainage, and rapid growth of the mass
and had another biopsy indicating invasive SCC. Although a
total rhinectomy could be performed, the patient was ultimately
found to have metastases to the lungs and submandibular area
[31]. Although such cases are rare and no overall association
can be made, these reports may serve asawarning to physicians
to remain vigilant for the possibility of carcinoma in patients
with rhinophyma, particularly those with rapidly growing and
ulcerating masses.

Rosacea and NM SC

Our search returned 5% (2/39) of studies that did not
differentiate between NMSCs. In the first case, Egeberg et al
[6] conducted acohort study analyzing datafrom the nationwide
Danish registry. The study included 49,475 patientswith rosacea
with an average age of 53.7 (SD 16.5) years and a reference
population of 4,312,213 patients without rosaceawith an average
age of 48.6 (SD 18.0) years. Their findings noted that patients
diagnosed with rosaceawere statistically morelikely to develop
NM SC compared with patientsin the reference population (HR
1.36, 95% CI 1.26-1.47) [6]. In the second case, Cho et al [11]
conducted a nationwide population-based retrospective cohort
study in South Korea. The study included 11,420 patients
compared using a multivariable stratified Cox proportional
hazard model. Their findings noted that patients with rosacea
had a significant association with the development of NMSC
compared with the reference population (HR 2.66, 95% CI
1.53-4.61) [11].

Rosacea and Breast Cancer

A total of 8% (3/39) of the studies analyzed the association
between rosacea and breast cancer. Of these 3 studies, 2 (67%)
were cohort studies. Egeberg et al [6] conducted a cohort study
that analyzed data from the nationwide Danish registry and
found that patients with rosacea were more likely to develop
breast cancer compared with patients without a history of
rosacea (HR 1.25, 95% CI 1.15-1.36). However, Li et a [7]
found no significant increase in the occurrence of breast cancer
in patients with rosacea (RR 1.03, 95% CI 0.89-1.20).

Li et al [12] also conducted a case-control study to determine
the present epidemiological status of rosaceain China. From a
total of 10,095 patients enrolled in the study, 351 were observed
to have rosacea, 290 of whom were female and 61 of whom
were male. The overall average age of patients with rosacea
was 38.4 (SD 11.3) years, whereasthe average age of the control
population was 35.5 (SD 19.1) years. A previous diagnosis of
melasma, hypertension, coronary heart disease, hyperthyroidism,
diabetes, chronic gastritis, peptic ulcer, gastrointestinal cancer,
breast cancer, and gynecological cancer was then identified in
patients in both the control and rosacea populations. It was
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found that female patients with a diagnosis of rosacea were
more likely to have had breast cancer (OR 8.453, 95% ClI
1.638-43.606), among other diseases such as melasma,
hypertension, and hyperthyroidism. Regarding male patients
with rosacea, there was no significant increase in breast cancer
incidence. A meta-analysis of observational studies on the
association between rosacea and breast cancer was ultimately
not conducted because of heterogeneity between the studies,
however, it would seem that most of the current data available
point to a positive correlation [12].

Owing to the directionality of the studied relationship, we were
unable to include in the meta-analysis a case-control study by
Long et a [38] that looked at rosacea incidence in various
cancersin China. However, they found that patients with breast
cancer had asignificantly higher incidence of rosaceacompared
with individual swithout rosacea (OR 5, 95% CI 4.02-6.2) [38].
Although this is the only study that was found of the inverse
relationship, the potential for a bidirectional association lends
further credence to the hypothesis that these 2 conditions are
related.

Rosacea and M eanoma

A tota of 8% (3/39) of the studies analyzed the association
between rosacea and malignant melanoma. Egeberg et al [6]
found no increased occurrence of melanoma in patients with
rosacea (HR 1.10, 95% CI 0.95-1.27). Similarly, Li et al [7]
also found no significant increase in the development of
malignant melanoma in patients with rosacea (RR 0.96, 95%
Cl 0.57-1.62). Finally, the findings of Cho et al [11] noted that
patients with rosacea had no association with the development
of melanoma compared with the reference population (HR 1.69,
95% Cl 0.25-11.37).

Although excluded from the meta-analysis because of not being
in full text, an abstract by Erickson et al [13] investigated
sex-specific differences in patients with rosacea and their
likelihood of developing certain cancers. The study included
11,466 patients with rosacea, 8676 of whom were female, and
175,363 patients who did not have rosacea, 929 of whom were
female. Interestingly, this abstract found that rosacea was
inversely associated with the development of melanoma in
female patients (RR 0.63, 95% CI 0.47-0.85). No significant
relationship was found in male patients with rosacea [13].
Overall, despite the small nhumber of studies available, there
was no evidence of an association between the 2 conditions.

Rosacea and Hepatic Cancer

A total of 5% (2/39) of studies were found that examined the
association between rosacea and hepatic cancer. Egeberg et al
[6] noted that patients with rosacea have an increased risk of
developing hepatic cancer (HR 1.42, 95% CI 1.06-1.90). The
findings of Cho et a [11] noted that patients with rosacea had
no associ ation with the devel opment of hepatic cancer compared
with the reference population (HR 1.32, 95% CI 0.89-1.95).

Rosacea and Glioma

In total, 3% (1/39) of studies were found that examined the
association between rosacea and glioma. Egeberg et a [3]
conducted a cohort study on Danish citizens aged >18 yearson
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January 1, 1997, and followed them through to December 31,
2011. Patientswith rosacea or gliomaat baseline were excluded
to alow for the study of the temporal relationship between the
conditions. Thereference population for the study was 5,416,138
individuals with a mean age of 40.8 (SD 19.7) years, and the
rosacea diagnosis group contained 68,372 patients with amean
ageof 42.2 (SD 16.5) years. Thereference population consisted
of 2,684,509 male patients and 2,732,029 female patients.
Although the correlation was weak, the study found a
significantly increased risk of glioma in patients with rosacea
(incidence rate ratio 1.36, 95% CI 1.18-1.58). Interestingly, it
was found that the rosacea-associated increased risk of glioma
was greater in males than in females [3].

In addition, the excluded case-control study by Long et al [38]
found that patients with glioma were more likely to have had
rosacea (OR 2.16, 95% CI 1.12-4.17), pointing to a potential
bidirectional relationship between the 2 conditions.

Rosacea and Thyroid Cancer

A tota of 5% (2/39) of the studies analyzed the association
between rosaceaand thyroid cancer, reporting conflicting results.
Egeberg et a [6] found no significant increase in the
development of thyroid cancer in patients with rosacea (HR
1.06, 95% Cl 0.68-1.65), whereasLi et al [7] found an increase
in the development of thyroid cancer in patients with rosacea
(RR 1.59, 95% CI 1.07-2.36).

Discussion

Summary of Principal Findings

Our review found that, based on the available literature, there
is a positive association between rosacea and glioma, NM SC,
and breast cancer. Rosacea was not found in any study to be
significantly associated with melanoma. Regarding BCC, SCC,
and thyroid and hepatic cancers, a clear conclusion could not
be drawn because of conflicting results across 2 studies.

Our review found conflicting evidence regarding the association
between BCC and rosacea. Although Li et a [7] found apositive
association between BCC and rosacea in a cohort study of
female patients, Lin et a [10] found no association between
BCC of the body and rosaceain female patients and an inverse
association between BCC of the face and rosacea in female
patients. More studies will be needed to determine whether an
association truly exists. Interestingly, across our reviewed cohort
studies, no positive associations were found between rosacea
and facial BCC or facial SCC. This may be dueto patientswith
rosacea adopting better sun-protective measures such as
sunscreen and broad hats to avoid flaring their rosacea,
simultaneously reducing their risk of facial NMSC. It should
be noted that there are currently no comparative studies
analyzing the association between BCC and rosacea in mae
patients. Our review also found 14 case reports and case series
discussing the presence of BCC in male patients with
rhinophyma. It is uncertain whether the increased prevalence
of BCC in this population is due to the male sex, the increased
severity of rosacea in patients with rhinophyma, or both.
Although rosacea is more commonly seen in females,
rhinophyma, asubtype of rosacea, isfound to be more common
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in White males aged >50 years. Although the reason for thisis
unknown, it is important to note that, according to the current
literature, males with rhinophyma are 3% to 10% more likely
to develop some form of skin cancer at the site of the nodular
lesion [39]. Characteristics to be watchful for in patients with
long-standing rhinophymainclude sudden changesin ulceration
of the lesion and rapid growth associated with malodorous
drainage [15].

Our review found a positive association between rosacea and
NMSC. It should be noted that actinic keratosis was al so found
to be associated with rosacea in one cohort study [11]. UV
exposure is thought to be a common pathogenic factor in the
development of skin cancer, actinic keratosis, and rosacea. It is
thought that patients with rosacea have an altered skin barrier
and are more likely to have had higher UV exposure at early
ages, which may predispose them to skin cancers such as SCC
and BCC [3,7]. UV radiation is a known risk factor for skin
cancers and also plays an important chronic role in rosacea
development through the generation of reactive oxygen species
and cathelicidin expression, in addition to being a known acute
trigger for rosacea outbreaks [40]. It should be noted that,
although NM SC had a positive association with rosacea, SCC
showed conflicting results. Although Lin et a [10] found an
overall positive association between SCC and rosacea, Li et al
[7] found no such association. The conflicting findings between
studies on NMSC versus BCC and SCC when it comes to
rosacea may be because al current comparative studies
regarding BCC, SCC, and rosaceahave exclusively used female
patients. In comparison, Cho et al [11] found an increased risk
of NMSC in patients with rosaceain acohort that included male
patients with SCC and BCC. It is possible that there are
gender-specific differences when it comes to rosacea and
NMSC, perhaps because of different sun-avoidant practices
when having rosacea. In addition, although many studies on
rosacea, NMSC, BCC, and SCC controlled for age, smoking
status, BMI, and acohol intake among other potential
confounders, race and socioeconomic status were brought up
as additional possible confounders that were not adjusted for.
More studies are needed to analyze the impact of sex, racial,
and socioeconomic differences when it comes to rosacea and
NMSCs.

It should be noted that, regarding melanoma, all comparative
studies (3/3, 100%) analyzed in our review found no association
between melanoma and rosacea. Wu et a [41] proposed that
the risk of SCC and BCC is positively associated with
cumulative UV exposure, whereas melanoma tends to be more
associated with intermittent UV exposure. Therefore, it is
possible that cumulative UV radiation may be an important
confounding factor in the devel opment of both skin cancersand
rosacea, accounting for the seemingly positive association that
we observed between rosacea and NMSC or SCC but not
melanoma.

Other than one study indicating no association, the relationship
between rosacea and breast cancer seemed to be positive. Given
the prevalence of both rosacea and breast cancer in females,
there may be a component of hormonal changes and estrogen
mediating some common inflammatory and immune-related
causes[38]. However, there was conflicting evidence regarding
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the association between hepatic cancer and rosacea. Egeberg et
al [6] found a positive association between hepatic cancer and
rosacea; however, thisresult was potentially confounded by the
fact that the rosacea group also reported greater alcohol
consumption than the controls. Regarding glioma, underlying
the increased odds of glioma development in patients with
rosaceamay be common inflammatory pathways dependent on
matrix metalloproteinases and the activation of interleukin-17.
In particular, matrix metalloproteinase-9 plays an important
rolein both rosacea pathogenesis and regulation of cell invasion
in malignant glioma[3]. One study found increased expression
of matrix metalloproteinase-9 in tumor tissue specimens from
76% of patients with glioblastoma, the most common and
aggressive malignant form of glioma [42]. Interleukin-17
upregulation is also recognized as a hallmark of rosacea and
may play arolein immune suppression in glioma [43,44].

Studies examining the association between rosacea and thyroid
cancer reported conflicting results. Accumulating evidence
demonstrates that chronic inflammation plays a pivotal rolein
the pathogenesis of thyroid cancer [45,46]. Therefore,
inflammation may be a potential link between rosacea and
thyroid cancer. However, more studies need to be conducted to
clarify this relationship.
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Limitations
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Rosacea does not appear to be associated with melanoma.
Further studies should be conducted to determine whether there
is an association between thyroid cancer and rosacea.
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