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Abstract

Recent European and US studies reported increased risks of skin cancers associated
with hydrochlorothiazide (HCTZ) treatment. Our study aimed to determine the risk
of lip cancer and malignant melanoma among Australians prescribed HCTZ. We
conducted a case-control study nested within a population of veterans residing in
New South Wales in 2004-2015, using Australian Department of Veterans’ Affairs
data linked with cancer registrations, hospitalisation and prescription dispensings.
Among DVA healthcare card holders 65 years and older, we identified incident cases
of squamous cell carcinoma of the lip and of cutaneous melanoma, each matched
with up to 20 controls through risk-set sampling. We estimated odds ratios (ORs) as-
sociating HCTZ use with each cancer using conditional logistic regression, adjusting
for predefined confounders. For lip cancer (45 cases), ever-use of HCTZ yielded an
OR of 2.6 (95% CI: 1.4-5.0) and high HCTZ use (>25 000 mg) an OR of 4.7 (95%
CI: 1.6-13.7). For cutaneous melanoma (659 cases), ever-use of HCTZ resulted in
an OR of 1.2 (95% CI 1.0-1.5) and high HCTZ use in an OR of 1.2 (95% CI: 0.8-
1.8). Our findings align with risk estimates from previous studies and provide further
evidence that HCTZ’s photosensitising properties may promote carcinogenesis in

sun-exposed tissues.
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1 | INTRODUCTION AND
BACKGROUND

Hydrochlorothiazide (HCTZ) is a thiazide diuretic indicated
as first-line treatment for hypertension,l’2 often prescribed in
combination with other antihypertensive medicines. Given
the high prevalence of hypertension and guidelines recom-
mending thiazide diuretics to treat the condition, HCTZ is
one of the most widely used medicines, globallyl’}5
as in Australia.®

Thiazide diuretics are known to possess photosensitising
properties’; in 2013, the International Agency for Research
on Cancer classified HCTZ as “possibly carcinogenic to hu-
mans” (Group 2B).® Recent studies reported HCTZ increased
the risk of developing a range of skin cancers, particularly
squamous cell carcinomas (SCCs),>™*" and warnings
from medicines regulatory agencies in Europe,14 the UK,"
Canada,'® Singapore17 and New Zealand'® followed from
October 2018. These findings and regulatory warnings are
particularly relevant for Australia, which has the highest inci-
dence of skin cancer in the world."”

Despite the elevated baseline risk and widespread use of
HCTZ among Australians, little is known about the associ-
ation between HCTZ and risk of developing skin cancer in
Australia. Therefore, we sought to examine the association
between the use of HCTZ and risk of SCC of the lip (lip
cancer) and cutaneous melanoma (malignant melanoma) in a
population-based cohort of older Australians.

as well

2 | MATERIALS AND METHODS

2.1 | Study setting and data sources
Australia maintains a universal healthcare system for
Australian citizens and permanent residents. In addition, the
Australian Government Department of Veterans’ Affairs
(DVA) funds the healthcare and pharmaceutical items for eli-
gible veterans, war widows/ widowers and their dependents.20
We used the DVA client database linked with the New
South Wales Cancer Registry (NSWCR), the Repatriation
Pharmaceutical Benefits Scheme (RPBS) dispensing data
and the New South Wales (NSW) admitted patients data col-
lection (APDC).?° The RPBS provides access to all pharma-
ceutical items available to the general community under the
Pharmaceutical Benefits Scheme (PBS), as well as additional
medicines available only to DVA healthcare card holders.'
The PBS is a national programme that provides subsidised ac-
cess to approved medicines for all Australians. The DVA cli-
ent database contains information for all Australians eligible
for DVA-funded benefits, including residential history. The
NSWCR includes information about all notifiable primary
malignant cancers diagnosed in NSW, the most populous

state of Australia. Cutaneous basal cell carcinomas and SCC
are not notifiable diagnoses in NSW—with the exceptions of
SCC of the skin of anus, vulva, penis, scrotum and vermilion
surface, and border of the lip—and do not appear in NSWCR
data. We chose to examine SCC of the lip as previous studies
have also examined this cancer'®'*"® and because it is the
only cutaneous SCC diagnosis that appears in sufficient num-
bers in our data set. The NSWCR receives information from
pathology laboratories, public and private hospitals, radio-
therapy and medical oncology departments, aged care facili-
ties, day procedure centres and the NSW Registry of Births,
Deaths and Marriages.”> The NSW APDC contains data for
all inpatient hospital separations and emergency department
visits.” The time period observed in the data is January 2004
through December 2015, while the NSWCR contains cancer
notifications from January 1972 through December 2015.

2.2 | Study design and analysis

We performed a nested case-control analysis comparing
HCTZ use in DVA healthcare card holders diagnosed with
lip cancer or malignant melanoma with HCTZ use in those
without either diagnosis. To facilitate interpretability and
comparability, we directly aligned our study design and sta-
tistical analyses to recently published studies.!"!?

2.2.1 | Study participants

We included all DVA clients holding a DVA Gold Card (en-
titled to clinically required healthcare treatment for all condi-
tions) as these clients are able to access prescribed medicines
with a reduced co-payment amount, meaning all of their dis-
pensed medicines are captured in our dispensing data from the
time their Gold Card benefits began.zo For clients whose Gold
Card benefits began prior to 1 January 2004, the date on which
our dispensing records began, we considered 1 January 2004 as
the Gold Card start date. We excluded clients with evidence of
organ transplant, HIV/AIDS diagnosis or use of immunosup-
pressants. As the Gold Card holding population is predominantly
over 65 years of age,20 we included only those aged 65 years or
older at the time their Gold Card benefits began (Figure 1).

2.2.2 | Case and control selection

We defined cases as those Gold Card holders with a histologi-
cally confirmed diagnosis of lip cancer or invasive malignant
melanoma between January 2008 and December 2015, and
no history of any notifiable cancer prior to either diagnosis
(the index date). As we are only able to capture cancer diag-
noses for clients residing in NSW, we further required cases
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FIGURE 1
control selection
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DVA clients: 173,969

¥

Gold card holder: 133,880

¥

Continuously resided in NSW for at
least 4 years between 2004 - 2012:
53,575

¥

No evidence of organ transplant,
immunosuppressant use, or
HIV/AIDS™: 52,959

¥

l >65 years at cohortentry: 47,680 l

[ Lip cancer cases: 45

Potential controls:

46,957

Malignant melanoma cases:
659

[ 45 cases / 866 controls

Matched:
659 cases / 12,446 controls

Matched: ]

to continuously reside in NSW for at least 4 years prior to
the index date. We used risk-set sampling to match up to 20
controls for each lip cancer and malignant melanoma case,”
applying the same residency restrictions as for cases. We
matched controls to cases on age at the time Gold Card ben-
efits began and sex, and we allowed cases to act as controls
prior to becoming cases. The observed odds ratios (ORs)
therefore provide estimates of the incidence rate ratios (IRR)
expected from a cohort study in the source population.24

223 | HCTZ use

We considered a dispensing record for HCTZ—as a single agent
or in combination with other medicines—prior to the index date
as indicating ever-use of HCTZ (see Table S1 for a complete
list of the relevant ATC codes). We did not include HCTZ dis-
pensings within 12 months prior to the index date to allow for
an induction period and to mitigate the potential for increased
contact with health professionals prior to cancer diagnosis lead-
ing to increased HCTZ prescribing, thus creating spurious as-
sociations.”> To explore a dose-response relationship between
HCTZ use and skin cancer n'sk,12 we calculated the cumulative
amount of HCTZ, in mg, dispensed to Gold card holders up to
12 months prior to the index date. Consistent with existing stud-
ies, we considered >25 000 mg as high exposure to HCTZ."?

2.24 | Additional variables

To control for potential confounding, we ascertained use of ad-
ditional medicines potentially related to skin cancer risk. These

included medicines with known photosensitising properties
including oral and topical retinoids, macrolides, tetracycline,
aminoquinolines and amiodarone; as well as medicines with
possible anticancer properties including prescription strength
aspirin, non-steroidal anti-inflammatories (NSAIDs) and
statins.'*?® We defined use of these potential confounding
medicines as at least two dispensings on different dates prior
to the index date and excluded any dispensings occurring in
the 12 months prior to the index date.'* We further ascertained
comorbidity burdens using the Charlson comorbidity index ap-
plied to hospitalisation records,?’ again excluding records oc-
curring within 12 months of the index date. Finally, we derived
a measure of ambient ultraviolet radiation (UVR) exposure
based on the location of the Gold Card holders’ residences—
at the level of the Australian Bureau of Statistics’ Statistical
Local Area (SLA)*—at the start of Gold Card benefits. We
created three groups based on tertiles of latitude within NSW
and where SLAs fell within those tertiles: North (highest UVR
exposure), Central (includes Sydney; middle UVR exposure)
and South (lowest UVR exposure; Figure S1).

2.2.5 | Statistical analysis

We used conditional logistic regression to calculate crude and
adjusted ORs and 95% confidence intervals (95% CI) to com-
pare HCTZ exposure in Gold Card holders diagnosed with lip
cancer or malignant melanoma and matched cancer-free con-
trols. As cases and controls were already matched on age at
Gold Card start and sex, and as we used conditional regression,
we did not include age and sex in our adjusted models. For ma-
lignant melanoma, we performed further analyses stratifying
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Malignant melanoma

TABLE 1
and malignant melanoma cases and controls

Characteristics of lip cancer

Lip cancer
Cases Controls Cases
(n = 45) (n = 866) (n = 659)
Age at cohort entry, 79 (75-81) 79 (75-81) 81 (78-83)
median (IQR)
Males, n (%) 25 (56) 500 (58) 443 (67)
HCTZ use, n (%)
Never-use 27 (60) 687 (79) 502 (76)
Ever-use 18 (40) 179 (21) 157 (24)
Cumulative HCTZ amount, n (%)
1-4999 mg i i 46 (7)
5000-9999 mg i i 23 (3)
10 000-24 999 mg i i 58 (9)
>25 000 mg 6 (13) 30(3) 30 (5)
Ever-use of other medicines, n (%)
Photosensitising 11 (24) 154 (18) 123 (19)
medicines
Aspirin a a 20 (3)
NSAIDs 20 (44) 354 (41) 273 (41)
Statins 22 (49) 473 (55) 367 (56)
Charlson comorbidity index, n (%)
No comorbidities 30 (67) 529 (61) 442 (67)
1-2 comorbidities 4 4 149 (23)
>3 comorbidities 4 4 68 (10)
UVR group, n (%)
South, lowest 4 4 63 (10)
Central, middle 37 (82) 627 (72) 489 (74)
North, highest 4 4 107 (16)
Use of other antihypertensive medicines, n (%)
Furosemide 17 (38) 315 (36) 204 (31)
ACE inhibitors 21 (47) 419 (48) 315 (48)
ATII agonists 10 (22) 139 (16) 203 (31)
Calcium channel 14 (31) 198 (23) 246 (37)
blockers
Indapamide : ! 43 (7)

Note: © Commonwealth of Australia 2020.

Controls
(n = 12 446)

81 (78-83)

8,399 (67)

9,976 (80)
2,470 (20)

670 (5)
496 (4)
889 (7)
415 (3)

2293 (18)

432 (3)
4794 (39)
6696 (54)

7559 (61)
2808 (23)
2079 (17)

1,796 (14)
8929 (72)
1721 (14)

4579 (31)
5680 (46)
3814 (31)
4579 (37)

665 (5)

Abbreviations: HCTZ, hydrochlorothiazide; IQR, interquartile range; NSAIDs, non-steroidal anti-

inflammatory drugs; and UV, ultraviolet.

“Cell counts less than 5 cannot be reported due to ethical restrictions. Where categories are mutually exclusive,

multiple cells have been suppressed to prevent implicitly reporting those less than 5.

the disease by histological subtype—superficial spreading mel-
anoma, nodular melanoma and lentigo melanoma.

2.2.6 | Secondary analyses

To assess the role of potential confounding by indica-
tion, we repeated the main analysis for other diuretics and

antihypertensive medicines with similar indications to HCTZ
(ie mild to moderate hypertension). These medicines in-
cluded furosemide, angiotensin-converting enzyme (ACE)
inhibitors, angiotensin II (ATII) antagonists, calcium channel
blockers (CCBs) and indapamide. Exposure to each medicine
was ascertained as for ever-use of HCTZ, described above.
We included ever-use of HCTZ as a covariate in each of the
models for these secondary analyses.
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We performed all analyses in sas version 9.4 (SAS
Institute) and R version 3.6.

2.3 | Ethics approval, data access and
consent to participate

Our study was approved by the NSW Population and Health
Services Research Ethics Committee (approval number:
2013/11/494) and the Departments of Defence and Veterans’
Affairs Human Research Ethics Committee (approval num-
ber: E013/015). These Committees granted a waiver of con-
sent in line with the National Statement on Ethical Conduct
in Human Research (2007; Chapter 2.3) and the Guidelines
approved under Section 95/95A of the Privacy Act 1988.

3 | RESULTS

We identified 45 lip cancer cases and 659 malignant mela-
noma cases, matched to 866 and 12 446 controls, respectively
(Figure 1). Lip cancer cases and controls had similar char-
acteristics though a larger proportion of cases resided in the

TABLE 2  Association between

Bpr -

central latitudes of NSW (Figure S1); malignant melanoma
cases and controls were similar across all available charac-
teristics (Table 1).

HCTZ was most commonly dispensed in combination
with ATII antagonists (77% and 80% for lip cancer and ma-
lignant melanoma controls, respectively), ACE inhibitors
(16%, 14%) and amiloride (4%, 3%). HCTZ was dispensed to
40% and 24% of lip cancer and malignant melanoma cases,
respectively, and to 21% and 20% of their respective controls.
The resulting adjusted OR was 2.6 (95% CI: 1.4-5.0) for lip
cancer and 1.2 (95% CI: 1.0-1.5) for malignant melanoma
(Table 2). High use of HCTZ was observed in 13% of lip
cancer cases (3% of controls) and 5% of malignant melanoma
cases (3% of controls), resulting in adjusted ORs of 4.7 (95%
CI: 1.6-13.7) for lip cancer and 1.2 (95% CI: 0.8-1.8) for ma-
lignant melanoma (Table 2). When stratifying by histological
subtype, we observed elevated ORs for superficial spreading
melanoma (OR: 1.6; 95% CI: 1.2-2.2) with ever-use and for
lentigo melanoma (OR: 2.1; 95% CI: 1.0-4.5) with high use
of HCTZ (Table 3). We found no association with nodular
melanoma.

We did not observe associations between either cancer
type and ever-use of ACE inhibitors, ATII antagonists, CCBs

exposure to hydrochlorothiazide and risk Crude Adjusted
of lip cancer and malignant melanoma, Cases  Controls — OR 5% Cl OR 5% Cl
according to cumulative amount of Lip cancer lip cancer
hydrochlorothiazide use Never used 27 687 1.00 Reference 1.00 Reference
Ever used 18 179 2.61 1.39-4.89 2.62 1.37-4.99
High use 6 30 4.88 1.78-13.38  4.69 1.61-13.66
(>25 000 mg)
Cumulative amount (mg)
1-4999 i i 1.48 0.43-5.07 1.58 0.45-5.50
5000-9999 4 i 4.11 1.49-11.31  4.00 1.41-11.33
10 000-24 999  *° 4 1.68 0.57-4.97 1.69 0.55-5.13
>25 000 6 30 4.88 1.78-13.38  4.69 1.61-13.66
Malignant melanoma
Never used 502 9,976 1.00 Reference 1.00 Reference
Ever used 157 2,470 1.22 1.01-1.47 1.22 1.01-1.46
High use 30 415 1.26 0.85-1.87 1.22 0.82-1.80
(>25 000 mg)
Cumulative amount (mg)
1-4999 46 670 1.31 0.96-1.79 1.33 0.97-1.83
5000-9999 23 496 0.91 0.60-1.40 0.93 0.61-1.42
10 000-24 999 58 889 1.30 0.98-1.72 1.28 0.97-1.70
>25 000 30 415 1.26 0.85-1.87 1.22 0.82-1.80

Note: © Commonwealth of Australia 2020.

Abbreviations: CI, confidence interval; OR, odds ratio.

“Cell counts less than 5 cannot be reported due to ethical restrictions. Where categories are mutually exclusive,
multiple cells have been suppressed to prevent implicitly reporting those less than 5.
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Crude
Cases  Controls OR 95% CI
Superficial spreading melanoma
Never used 141 3374 1.00 Reference
Ever used 58 823 1.60 1.16-2.20
High use 8 140 1.18 0.56-2.50
(>25 000 mg)
Nodular melanoma
Never used 108 2421 1.00 Reference
Ever used 29 629 0.97 0.63-1.48
High use 7 105 1.26 0.85-1.87
(>25 000 mg)
Lentigo melanoma
Never used 103 2437 1.00 Reference
Ever used 31 607 1.20 0.79-1.81
High use 9 94 2.17 1.04-4.52
(>25 000 mg)

Note: ©Commonwealth of Australia 2020.

Abbreviations: CI, confidence interval; OR, odds ratio.

or indapamide; however, ever-use of furosemide was associ-
ated with a marginally reduced risk of malignant melanoma
in the adjusted model (OR: 0.8; 95% CI: 0.7-1.0) (Table S2).

4 | DISCUSSION

In this population-based study nested within Australia's
most populous state, we found elevated risks of both lip
cancer and malignant melanoma associated with HCTZ
use. Our findings are in line with those reported from
Denmark,”’12 the UK,10 and the United States,13 and fur-
ther support the existence of an association between HCTZ
use and increased risks of skin cancer. This association is
particularly relevant in Australia, as it is home to the high-
est incidence of skin cancer in the world and the use of
HCTZ is widespread.

We observed a twofold increase in the risk of lip cancer
associated with ever-use of HCTZ, similar to risks reported
from Denmark (OR: 2.1; 95% CI: 1.7-2.6),'* the UK (IRR:
2.9;95% CI: 1.3-6.2),'" and the United States (OR: 2.2; 95%
CI: 1.7-2.8).13 Two of these studies also noted an increased
risk of lip cancer associated with higher use of HCTZ.'>
The time period covered by our data did not allow us to
replicate the exact cumulative use groupings of these previ-
ous studies—and with just 45 lip cancer cases in total, our
study was not powered to explore risk by cumulative expo-
sure with a high degree of precision—but our point estimate
for >25 000 mg of HCTZ use (equivalent to approximately
3 years’ worth of HCTZ use; OR: 4.7; 95% CI: 1.6-13.7) was
within the 95% ClIs of both the “high use (=25 000 mg)”

TABLE 3 Association between

Adjusted - .

OR 95% CI exposure to hydrochlorothiazide and risk of
malignant melanoma, according to ever-use
and high use of hydrochlorothiazide and

1.00 Reference melanoma subtype

1.60 1.16-2.21

1.10 0.52-2.36

1.00 Reference

0.95 0.62-1.46

1.14 0.50-2.61

1.00 Reference

1.18 0.78-1.79

2.13 1.02-4.47

group reported in Denmark (OR: 3.9; 95% CI: 3.0-4.9)'? and
the “>5-year supply” group reported from the United States
(OR: 4.2; 95% CI: 2.8-6.3)."* Our finding is also in line with
recent studies that have found increased risks of non-lip SCC
associated with the use of HCTZ and other thiazides,7’29’30
suggesting that the increased risk we observed may apply to
SCC in general.

While we observed a marginally increased risk of ma-
lignant melanoma associated with HCTZ use, our estimate
was within previous estimates from Denmark (IRR: 1.32,
OR: 1.16).7’11 Like these earlier studies, we too did not
observe increased risk associated with larger cumulative
exposures to HCTZ. When stratifying by histological sub-
type, we observed elevated point estimates for superficial
spreading melanoma with ever-use of HCTZ and for len-
tigo melanoma with high use of HCTZ, but no association
for nodular melanoma. This aligns with estimates reported
from Denmark for superficial spreading and lentigo mela-
noma, as they reported an OR of 1.6 (95% CI 1.3-2.0) for
lentigo melanoma. However, our findings do not support
the previously reported estimate for nodular melanoma
(OR: 2.1; 95% CI: 1.5-2.7)."" Of note, the finding of an
increased risk specific to lentigo melanoma aligns with our
understanding that lentigo melanoma is the subtype most
dependent on adulthood UV radiation.®’ More research into
the association of HCTZ use and malignant melanoma sub-
types appears justified. It would also be informative to ex-
amine in situ cutaneous melanoma.

To explore the role of confounding by indication—that
the elevated risks of lip cancer and malignant melanoma
were related to patients’ underlying hypertension rather
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than HCTZ use—we further explored the risks of lip can-
cer and malignant melanoma associated with several med-
icines having similar indications to HCTZ—furosemide,
ACE inhibitors, ATII antagonists, CCBs and indapamide.
We found no associations between any of these medicines
and lip cancer; however, we observed a marginally pro-
tective association between furosemide use and malignant
melanoma (OR: 0.8, 95% CI: 0.7-1.0). Our estimate is
similar to those from previous studies reporting null ef-
fects,”¥ suggesting the association we observed may be
spurious.

Hypertension is one of the most prevalent health condi-
tions in Australia®® and the world,34 and thiazide diuretics are
a useful and effective treatment for patients with hypertension.
They also are occasionally useful in other conditions, such as
congestive heart failure. In response to the recent studies we
replicated here, national and supra-national medicines regula-
tory bodies have begun to issue warnings to prescribers about
the risks of HCTZ use and skin cancer.'*"® Discontinuing or
switching treatment to other agents might lead to a range of
other adverse consequences: adverse drug effects, decreased
adherence and/or poorer blood pressure control. In Australia,
HCTZ is most often prescribed as a component in a fixed-
dose combination with one or more of 14 other agents (97%
of HCTZ dispensings in our data), and switching to a similar
combination with a different thiazide-like antihypertensive
agent is not currently possible for any of these agents. SCCs
are generally easily treated if detected early, but Australian pre-
scribers should be aware of these potential skin cancer risks
and consider if their patients should be advised to limit sun
exposure or have more frequent skin checks.

Our study has several strengths and limitations. We
used data from a large, population-based collection from
Australia's most populous state, NSW. The people compris-
ing these data sets have been shown to be representative of
the wider Australian population of similar age.?’ Gold Card
holders are, however, notably older than the Australian pop-
ulation at large,20 and the median age of our study popula-
tion was around 80 years. Our results cannot necessarily be
generalised to a younger population, and further research
in Australians <65 years is justified. We note that, while
older, our study population had a small number of comor-
bidities, as ascertained through the Charlson comorbidity
index, and they had never been diagnosed with cancer prior
to the index diagnosis, suggesting considerable health re-
silience. Nevertheless, we observed significant relation-
ships between HCTZ use and lip cancer and malignant
melanoma. Most SCC diagnoses are not recorded in the
NSWCR, and the only reportable SCC diagnosis for which
we had sufficient numbers to examine was SCC of the lip.
Still, we observed a small number of lip cancer cases, and
while our risk estimates are similar to those reported in
previous studies,'™'*!? our findings should be interpreted

Bpr -

with this limitation in mind. The cancer diagnosis data we
used in our study go back as far as 1972, but our dispensing
records began in 2004. Some people may have used HCTZ
prior to 2004 and we did not observe that use. Likewise,
our measures of cumulative use may be lower than the true
values. A recent study from Taiwan found no associations
between either lip cancer or melanoma and HCTZ use in
the Taiwanese population, suggesting that HCTZ users
with Caucasian skin type may be most at risk of developing
these skin cancers.>> We did not have data for skin type (or
skin colour or ethnic background), but the majority of the
Australian population is of European descent.>® We also did
not have data for smoking status (an important confounder
for lip cancer); however, we note a recent UK study found
that adjusting for smoking status did not alter the relation-
ship between HCTZ use and lip cancer.'” A strength of our
study is the incorporation of ambient UVR data. We ascer-
tained UVR exposure based on residence at study entry,
but did not have data on early-life or cumulative UVR ex-
posure.37 However, the risk estimates we observed for our
UVR exposure groups suggested we were adjusting for rel-
evant information (higher skin cancer risks in the North,
lower risks in the South).

Our study provides further evidence that the photosensi-
tising properties of HCTZ may promote SCC carcinogenesis,
and possibly melanoma, in susceptible sun-exposed tissues.
Our findings are the first from the Australian population—al-
ready at an elevated risk of developing skin cancer—and add
to the growing body of data supporting the need for skin can-
cer prevention advice and behaviours, and potentially height-
ened surveillance, for individuals prescribed this important
medication.

DISCLAIMER

The Australian Government Department of Veterans’ Affairs
is the copyright owner of the data presented in this manu-
script including all tables, figures and supplementary content.
The authors have obtained permission from the Australian
Government Department of Veterans’ Affairs to publish
this manuscript. The views expressed in this version of the
work do not necessarily represent the views of the Minister
for Veterans’ Affairs or the Department of Veterans’ Affairs.
The Commonwealth of Australia does not give any warranty
nor accept any liability in relation to the contents of this work.

CONFLICT OF INTEREST

SP is a member of the Drug Utilisation Sub Committee of
the Pharmaceutical Benefits Advisory Committee. The
views expressed in this paper do not represent those of ei-
ther Committee. AP has participated in research projects, un-
related to the present study, using grants provided by LEO
Pharma to the institution where AP is employed. The remain-
ing authors have no interests to declare.



~LBCPT

DANIELS ET AL.

Basic & Clinical

ORCID

Benjamin Daniels

https://orcid.

org/0000-0001-8617-6055

Sallie-Anne Pearson

https://orcid.

org/0000-0001-7137-6855

REFERENCES

1.

10.

11.

12.

13.

14.

15.

James PA, Oparil S, Carter BL, et al. 2014 Evidence-based guide-
line for the management of high blood pressure in adults: report
from the panel members appointed to the Eighth Joint National
Committee (JNC 8). JAMA 2014;311:507-520.

Cognetta AB Jr, Wolfe CM, Heinrichs E. Hydrochlorothiazide
use and skin cancer: a Mohs surgeon's concern. Dermatol Surg
2016:42:1107-1109.

Mills KT, Bundy JD, Kelly TN, et al. Global disparities of
hypertension prevalence and control: a systematic analysis
of population-based studies from 90 countries. Circulation
2016;134:441-450.

Gu Q, Burt VL, Dillon CF, Yoon S. Trends in antihypertensive med-
ication use and blood pressure control among United States adults
with hypertension: the National Health and Nutrition Examination
Survey, 2001 to 2010. Circulation 2012;126:2105-2114.

. Wang Y, Alexander G, Stafford RS. Outpatient hypertension treat-

ment, treatment intensification, and control in Western Europe and
the United States. Arch Intern Med 2007;167:141-147.
Pharmaceutical Benefits Scheme. Australian statistics on medi-
cines 2015. https://www.pbs.gov.au/info/statistics/asm/asm-2015
Jensen AO, Thomsen HF, Engebjerg MC, Olesen AB, Sorensen
HT, Karagas MR. Use of photosensitising diuretics and risk of
skin cancer: a population-based case-control study. Br J Cancer
2008;99:1522-1528.

International Agency for Research on Cancer Working Group on
the Evaluation of Carcinogenic Risk to Humans. Some drugs and
herbal products. Lyon 2016.

Shin D, Lee ES, Kim J, Guerra L, Naik D, Prida X. Association
between the use of thiazide diuretics and the risk of skin can-
cers: a meta-analysis of observational studies. J Clin Med Res
2019;11:247-255.

Morales DR, Pacurariu A, Kurz X, Slattery J. Association be-
tween hydrochlorothiazide exposure and skin, lip and oral can-
cer: a series of population-based nested case-control studies.
Pharmacoepidemiol Drug Saf 2019;28:5-586 #78.

Pottegard A, Pedersen SA, Schmidt SAJ, Holmich LR, Friis S,
Gaist D. Association of hydrochlorothiazide use and risk of malig-
nant melanoma. JAMA Intern Med 2018;178:1120-1122.
Pottegard A, Hallas J, Olesen M, et al. Hydrochlorothiazide
use is strongly associated with risk of lip cancer. J Intern Med
2017;282:322-331.

Friedman GD, Asgari MM, Warton EM, Chan J, Habel LA.
Antihypertensive drugs and lip cancer in non-Hispanic whites.
Arch Intern Med 2012;172:1246-1251.

European Medicines Agency. Pharmacovigilance Risk Assessment
Committee (PRAC). Minutes of the meeting on 03—06 September
2018.

United Kingdom Medicines and Healthcare products Regulatory
Agency. Hydrochlorothiazide: risk of non-melanoma skin cancer,
particularly in long-term use, 2018. https://www.gov.uk/drug-safet

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

y-update/hydrochlorothiazide-risk-of-non-melanoma-skin-cance
r-particularly-in-long-term-use

Health Canada. Summary Safety Review - Hydrochlorothiazide —
Health Canada, 2019. https://hpr-rps.hres.ca/reg-content/summa
ry-safety-review-detail.php?lang=en&linkID=SSR00215
Singapore Government Health Sciences Authority. 2019. Update
on the recent study findings on the risk of non-melanoma skin can-
cer with prolonged use of hydrochlorothiazide 2019. https://www.
hsa.gov.sg/content/hsa/en/Health_Products_Regulation/Safety_
Information_and_Product_Recalls/Product_Safety_Alerts/2019/
update-on-the-recentstudyfindingsontheriskofnonmelanomaskin
cance.html

New Zealand Medicines and Medical Devices Safety Authority.
Hydrochlorothiazide: risk of non-melanoma skin cancer 2019.
https://www.medsafe.govt.nz/safety/Alerts/Hydrochlorothiazide.
asp

World Cancer Research Fund. Skin cancer statistics 2018. https://
www.wcrf.org/dietandcancer/cancer-trends/skin-cancer-statistics
Pearson S-A, Schaffer A. The use and impact of cancer medicines
in routine clinical care: methods and observations in a cohort of
elderly Australians. BMJ Open 2014;4:¢004099.

Australian Government Department of Veterans' Affairs. Factsheet
HSV92 - repatriation pharmaceutical benefits scheme 2019.
https://www.dva.gov.au/factsheet-hsv92-repatriation-pharmaceut
ical-benefits-scheme

Cancer Institute NSW.NSW Cancer Registry 2018. https://www.
cancer.nsw.gov.au/data-research/data-held-by-cinsw/nsw-cance
r-registry

Schneeweiss S, Suissa S. Advanced approaches to con-
trolling confounding in pharmacoepidemiologic studies. In:
Strom BL, Kimmel SE, and Hennessey S, eds. Textbook of
Pharmacoepidemiology, 2nd edn. Oxford, UK: John Wiley &
Sons Ltd; 2013.

Rothman KJ. Epidemiology: An introduction, 2nd edn. New York,
NY: Oxford University Press, 2012.

Pottegard A, Hallas J. New use of prescription drugs prior to a
cancer diagnosis. Pharmacoepidemiol Drug Saf 2017;26:223-227.
Drucker AM, Rosen CF. Drug-induced photosensitivity: culprit
drugs, management and prevention. Drug Saf 2011;34:821-837.
Lu CY, Barratt J, Vitry A, Roughead E. Charlson and Rx-risk co-
morbidity indices were predictive of mortality in the Australian
health care setting. J Clin Epidemiol 2011;64:223-228.

Australian Bureau of Statistics. Statistical geography volume
1 — Australian Standard Geographical Classification (ASGC),
July 2006. https://www.abs.gov.au/AUSSTATS/abs @.nsf/Looku
p/1216.0Main+Features1Jul%202006?OpenDocument##targe
tText=1216.0%20%2D%20Statistical%20Geography%20Vol
ume%201,Classification%20(ASGC)%2C%20Jul%202006 & targe
tText=A%20classification%20system%2C%20designed %20and
,of%20collecting%20and%20disseminating %20statistics

Nardone B, Majewski S, Kim AS, et al. Melanoma and non-mela-
noma skin cancer associated with angiotensin-converting-enzyme
inhibitors, angiotensin-receptor blockers and thiazides: a matched
cohort study. Drug Saf 2017;40:249-255.

de Vries E, Trakatelli M, Kalabalikis D, et al. Known and poten-
tial new risk factors for skin cancer in European populations: a
multicentre case-control study. Br J Dermatol 2012;167(Suppl.
2):1-13.


https://orcid.org/0000-0001-8617-6055
https://orcid.org/0000-0001-8617-6055
https://orcid.org/0000-0001-8617-6055
https://orcid.org/0000-0001-7137-6855
https://orcid.org/0000-0001-7137-6855
https://orcid.org/0000-0001-7137-6855
https://www.pbs.gov.au/info/statistics/asm/asm-2015
https://www.gov.uk/drug-safety-update/hydrochlorothiazide-risk-of-non-melanoma-skin-cancer-particularly-in-long-term-use
https://www.gov.uk/drug-safety-update/hydrochlorothiazide-risk-of-non-melanoma-skin-cancer-particularly-in-long-term-use
https://www.gov.uk/drug-safety-update/hydrochlorothiazide-risk-of-non-melanoma-skin-cancer-particularly-in-long-term-use
https://hpr-rps.hres.ca/reg-content/summary-safety-review-detail.php?lang=en&linkID=SSR00215
https://hpr-rps.hres.ca/reg-content/summary-safety-review-detail.php?lang=en&linkID=SSR00215
https://www.hsa.gov.sg/content/hsa/en/Health_Products_Regulation/Safety_Information_and_Product_Recalls/Product_Safety_Alerts/2019/update-on-the-recentstudyfindingsontheriskofnonmelanomaskincance.html
https://www.hsa.gov.sg/content/hsa/en/Health_Products_Regulation/Safety_Information_and_Product_Recalls/Product_Safety_Alerts/2019/update-on-the-recentstudyfindingsontheriskofnonmelanomaskincance.html
https://www.hsa.gov.sg/content/hsa/en/Health_Products_Regulation/Safety_Information_and_Product_Recalls/Product_Safety_Alerts/2019/update-on-the-recentstudyfindingsontheriskofnonmelanomaskincance.html
https://www.hsa.gov.sg/content/hsa/en/Health_Products_Regulation/Safety_Information_and_Product_Recalls/Product_Safety_Alerts/2019/update-on-the-recentstudyfindingsontheriskofnonmelanomaskincance.html
https://www.hsa.gov.sg/content/hsa/en/Health_Products_Regulation/Safety_Information_and_Product_Recalls/Product_Safety_Alerts/2019/update-on-the-recentstudyfindingsontheriskofnonmelanomaskincance.html
https://www.medsafe.govt.nz/safety/Alerts/Hydrochlorothiazide.asp
https://www.medsafe.govt.nz/safety/Alerts/Hydrochlorothiazide.asp
https://www.wcrf.org/dietandcancer/cancer-trends/skin-cancer-statistics
https://www.wcrf.org/dietandcancer/cancer-trends/skin-cancer-statistics
https://www.dva.gov.au/factsheet-hsv92-repatriation-pharmaceutical-benefits-scheme
https://www.dva.gov.au/factsheet-hsv92-repatriation-pharmaceutical-benefits-scheme
https://www.cancer.nsw.gov.au/data-research/data-held-by-cinsw/nsw-cancer-registry
https://www.cancer.nsw.gov.au/data-research/data-held-by-cinsw/nsw-cancer-registry
https://www.cancer.nsw.gov.au/data-research/data-held-by-cinsw/nsw-cancer-registry

DANIELS ET AL.

31.

32.

33.

34.

35.

36.

Whiteman DC, Stickley M, Watt P, Hughes MC, Davis MB, Green
AC. Anatomic site, sun exposure, and risk of cutaneous melanoma.
J Clin Oncol 2006;24:3172-3177.

Kaae J, Boyd HA, Hansen AV, Wulf HC, Wohlfahrt J, Melbye M.
Photosensitizing medication use and risk of skin cancer. Cancer
Epidemiol Biomark Prev 2010;19:2942.

Australian Bureau of Statistics. National health survey: first re-
sults, 2017-18, 2018. https://www.abs.gov.au/ausstats/abs @ .nsf/
Lookup/by%20Subject/4364.0.55.001~2017-18~Main%20Fea
tures~Hypertension%20and%20measured %20high%20blood %20
pressure~60

Bloch MJ. Worldwide prevalence of hypertension exceeds 1.3 bil-
lion. J Am Soc Hypertens 2016;10:753-754.

Pottegérd A, Pedersen SA, Schmidt SAJ, et al. Use of hydrochloro-
thiazide and risk of skin cancer: a nationwide Taiwanese case—con-
trol study. Br J Cancer 2019;121(11):973-978.

Australian Bureau of Statistics. Cultural diversity in Australia
2016.  https://www.abs.gov.au/ausstats/abs @.nsf/Lookup/by %20
Subject/2071.0~2016~Main%20Features~Cultural%20Diversit
y%20Data%20Summary~30

Pr. -

37. Kricker A, Weber M, Sitas F, et al. Early life UV and risk of basal
and squamous cell carcinoma in New South Wales, Australia.
Photochem Photobiol 2017;93:1483-1491.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Daniels B, Pearson S-A,
Vajdic CM, Pottegard A, Buckley NA, Zoega H. Risk
of squamous cell carcinoma of the lip and cutaneous
melanoma in older Australians using
hydrochlorothiazide: A population-based case-control
study. Basic Clin Pharmacol Toxicol. 2020;00:1-9.
https://doi.org/10.1111/bcpt.13463



https://doi.org/10.1111/bcpt.13463

