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Abstract

Results from the epidemiologic studies on the relationship between hormone replacement therapy (HRT) and the risk of kidney
cancer in women were not completely consistent. This meta-analysis aimed to evaluate the relationship between HRT and risk of
kidney cancer in women. We performed a meta-analysis of observational studies to assess this association. The PubMed and
Embase databases were searched from their inception to January 29, 2020, to identify relevant studies that fit the pre-stated
inclusion criteria; reference lists from the retrieved articles were also been reviewed. Relative risks (RRs) with corresponding 95%
Cls were extracted and combined using random effects models. Furthermore, dose—response, sensitivity analyses, publication
bias, and subgroup analysis by study design, regional location, and exposure assessment method were conducted. Thirteen articles
involving 6 cohort studies and 8 case—control studies were included in our meta-analysis. Overall, 4194 women were diagnosed
with kidney cancer among 648 |07 participants. The pooled RR for kidney cancer was 1.08 (95% CI: 0.96-1.22) in those who were
administered HRT compared to those who had not. Subgroup analysis indicated the overall result was not influenced by study
type, regional location, or adjusted variables. Dose—response analysis showed a nonlinear relationship between HRT and kidney
cancer (P = .0021) and the risk of kidney cancer decreased by 15% to 28% with 12 to |8 years of HRT use. No evidence of
publication bias was found (P for Egger =.1 | I). Our meta-analysis showed that HRT use is inversely associated with kidney cancer
risk in a dose—dependent fashion.
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Introduction higher than the rates in women.' The biologic differences
between men and women suggest that female sex hormones
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exception of lifestyle differences, such as cigarette smoking,
which likely account for some of the disparities. Additionally,
experimental studies have demonstrated that the expression of
estrogen and progesterone receptors in both normal and neo-
plastic renal cell tissue* and estrogens is associated with the
development of renal cell tumors in animals.>°

Hormone replacement therapy (HRT) is the most widely
used and effective way to treat menopausal symptoms in both
postmenopausal women and young women with early meno-
pause due to surgery, radiotherapy, or chemotherapy. Its poten-
tial benefits and risks have attracted people’s attention.
Previous reviews have shown that HRT use is associated with
a decreased risk of osteoporotic fractures, colorectal cancer,
liver cancer and glioma, but an increased risk of stroke and
thromboembolic events.” The existence of a relationship
between HRT and kidney cancer is uncertain; although many
studies have assessed the association between HRT and kidney
cancer risk.'®?* The results have been conflicting. Thus, we
performed a meta-analysis of case—control and cohort studies
to clarify the association between HRT use and risk of kidney
cancer.

Materials and Methods

This meta-analysis was performed and reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.*®

Selection Criteria

The inclusion criteria were as follows used: the relationship
between HRT and kidney cancer was addressed through
describing a case—control or cohort study; the relative risk
(RR) estimates (odd ratio, risk ratio, or hazard ratio) with cor-
responding 95% ClIs or the provision of enough data to evaluate
them should be provided in the article; the exposure variables
in the article should be HRT use (ie, ever/current/past HRT use
vs no HRT use). If the same subject was described in 2 or more
articles, we used only the most informative study. Conference
abstracts that did not report on the availability of the original
data, as well as commentaries, meta-analyses, case reports, and
reviews were excluded.

Search Strategy

We systematically searched the PubMed and Embase databases
for relevant articles (up to January 29, 2020) using the follow-
ing search terms: “kidney cancer,” “kidney tumor,” “renal cell
carcinoma,” “renal cell cancer,” hormone, estrogen, progester-
one, and “reproductive factors.” The detailed search strategy is
shown in Supplemental Table S1. We also searched the refer-
ences lists of the identified articles that evaluated the relation-
ship between HRT and kidney cancer. The search was
conducted without language restriction.

Data Extraction

Two authors independently extracted the following data from
each eligible article: author and publication year, country,
study design, age at baseline, follow-up year, sample size,
methods used for data collection, exposure variables, and RRs
ratios with corresponding 95% ClIs (or the raw data to calculate
them). We used the Newcastle-Ottawa Scale (NOS)** to assess
the risk of bias of these studies (range, 0-9 points). A final score
of >6 was regarded as high quality.

Statistical Analysis

Since the prevalence of kidney cancer is low, we deemed the
odds ratios and hazard ratios (HRs) equivalent to RRs.** In this
meta-analysis, we used RR with corresponding 95% CIs to
measure the association between HRT use and kidney cancer.
For the studies that reported risk estimates separately for dif-
ferent states of HRT use (current use and past use vs no history
of HRT use), we calculated a combined risk estimates using a
fixed effect model to represent a comparison of ever use versus
no history of use. This method is widely used in meta-analyses
and systematic reviews.?¢2

Heterogeneity was assessed by the Q statistical test and the
P test.**° Heterogeneity was considered statistically signifi-
cant when the P value was < .1 and I* was >50%. To explore
the variability across studies, we pooled the RRs with 95% CIs
using the random effect model.*' Subgroup analysis was per-
formed according to the study type, study location, and
adjusted variables. To assess the stability of the results, sensi-
tivity analysis was conducted by excluding one study at a time.
Another method of sensitivity analysis that combined the RRs
and 95% CIs with a fixed-effects model was also performed.
Publication bias was estimated by funnel plots and the Egger
test (P < .05 was considered indicative of statistical signifi-
cance).>? The potential dose—response effect of HRT use on
kidney cancer was assessed using robust-error meta-
regression (REMR), as described by Doi.>* Briefly, REMR is
a one-step procedure that considers each study as a cluster
within the whole sample and establishes a study-level weighted
(inverse variance) least square regression between HRT and the
risk of kidney cancer. The nonreference effects were correlated
within each cluster and addressed using the Huber-White
robust errors. We used this model since it only requires at least
2 levels of exposure and corresponding risk estimates with 95%
Cls, while the group sample information for each exposure
level is unnecessary. A detailed theoretical description and the
Stata commands can be found in the methodological paper of
Xu and Doi.** A restricted cubic spline function with 3 adap-
tive knots was used to approximate the potential nonlinear
relationship. The Wald test was used to determine whether a
nonlinear relationship exists by treating the nonlinear term as
zero (null hypothesis) and a P value < .05 indicated a strong
evidence of nonlinearity (leading to rejection of the null
hypothesis). All of the methodological tips of the dose—
response meta-analysis were based on the recommendations
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Figure |. Flow diagram of the process used for the literature search and relative study selection.

proposed by Xu et al.** All P values were 2-sided. We per-
formed the all statistical analysis using STATA version 14.0
(STATA Corporation).

Results

Literature Search

Figure 1 shows a flow diagram of the process used for the
literature search and study selection. We retrieved 533 articles
from PubMed database and 753 articles from Embase database.
Two case—control studies were found by reviewing the refer-
ences of identified articles.”*' After reading the titles and
abstracts, 497 duplicates articles and 765 articles unrelated
with our research were excluded. Of the 24 publications iden-
tified for full-text assessment, 2 did not provide any available
data,®>3% 1 was a commentary,3 72 were abstracts,”%>° 1 was a
report with data overlapping with another publicaion,*” and 5

were reviews*™;

13 articles for inclusion in this meta-analysis.

there were all therefore excluded. This left
10-22

Study Characteristics

Table 1 shows the characteristics of the 6 cohort and 8 case—
control studies reported in 13 articles. All of the articles were
published in English. Of these 12 articles, the earliest study was
published in 1992, and the study published in 2013 was the
latest one. A total of 648 107 participants were recruited, and
4194 were diagnosed with kidney cancer. Most of the included
studies were performed in North America, 3 were performed in
Europe, and 2 in Asia-Pacific region. Six of the included stud-
ies assessed the relationship between estrogen therapy and
kidney cancer risk'*'*'>'%20 and 2 reported estrogen plus
progesterone use.'>'> We used the NOS to assess the risk of
bias of these studies. Based on the NOS, 7 of these stud-
ies!0:12:13:15.16.19.20 wore scored >6 points, and 6 studies

ies
L1817, 21.22 g0 6red <6 points. All studies provided adjusted
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Study %
D RR(95%Cl)  Weight
North America [
Karami et al. 2013 —— 0.90(0.77, 1.05) 16.43
Purdur et al. 2011 —paE 0.80 (0.50, 1.10) 6.68
Lee et al. 2009 —— 0.96 (0.74, 1.24) 11.16
Setiawan et al. 2009 —— 1.26 (0.99, 1.66) 11.14
Kabat et al. 2007 —— 0.98(0.69, 1.41) 7.64
Molokwu et al. 2007 | —— 1.46 (1.10, 1.95) 10.00
Gago-Dominguez et al. 1999 — 1.00 (0.70, 1.30) 9.15
Chow et al. 1995 |—————— 1.80 (1.10, 3.00) 4.66
Subtotal (I-squared =61.2%, p =0.012) 4& 1.08 (0.92, 1.27) 76.87
Europe '
Zucchetto et al. 2008 —-!-0-— 1.23(0.72,2.11) 4.17
Fernandez et al. 2003 —_—— 1.30 (0.70, 2.40) 3.32
Mellemgaard et al. 1994 —_—— 1.00 (0.61, 1.64) 4.77
Subtotal (l-squared = 0.0%, p=0.771) -df> 1.15 (0.84, 1.57) 12.25
Asia-Pacific '
Lindblad et al. 1995 —— 1.00 (D.80, 1.40) 10.26
McLaughlin et al. 1992 + 1.90 (0.40, 8.30) 0.63
Subtotal (I-squared = 0.0%, p = 0.415) <> 1.02 (0.78, 1.34) 10.88
Overall (l-squared = 38.9%, p = 0.075) 4:9 1.08 (0.96, 1.22) 100.00
NOTE: Weights are from random effects analysis E
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Figure 2. Forest plots for association between hormone replacement therapy use and kidney cancer. The squares represent the risk estimate
for each individual study, with the area reflecting the weight assigned to the study. The horizontal line across each square represents the 95% CI.
The diamond represents the pooled risk estimate, with width representing 95% CI.

risk estimates for multiple variables, such as body mass index,
educational level, race, smoking status, sex, age, study center,
hypertension, and family history of kidney cancer, menopausal
status, alcohol intake, period of interview, number of births,
oral contraceptives (OC) use, oophorectomy, hysterectomy,
fruit intake, and vegetable intake.

The Overall Relationship Between HRT and Kidney
Cancer Risk

Figure 2 shows the pooled outcomes for ever hormone users.
Of all 13 studies, two'>2° showed a significantly positive asso-
ciation between HRT use and kidney cancer, and 1 study'®
showed an inverse relationship between HRT and kidney can-
cer. When pooling these studies revealed statistically signifi-
cant heterogeneity in this meta-analysis (P = .075, I> =
38.9%). The pooled RR was 1.08 (95% CI: 0.96-1.22). Six of
the included studies assessed the relationship between estrogen
therapy and kidney cancer risk,'>'*"'>'¥2% where the pooled
RR was 1.21 (95% CI: 1.02-1.45). Three studies reported
kidney cancer risk according to the state of HRT use.'>!*!?
The pooled RRs were 1.15 (95% CI: 0.93-1.41) for current
users and 1.30 (95% CI: 1.02-1.64) for past users.

Outcome of Subgroup Analysis

We performed a subgroup analysis by study type, geo-
graphic area, and adjusted variables. Table 2 shows the
results of the subgroup analysis. The RRs and 95% Cls
were 1.08 (0.89-1.31) and 1.07 (0.91-1.26) for cohort stud-
ies and case—control studies, respectively. When subgroup
analyses were performed by geographical location (North
American, Europe, Asia-Pacific), the RR ranged from 1.02
(95% CI: 0.78-1.34) to 1.15 (95% CI: 0.84-1.57). In sub-
group analyses adjusted for smoking, hypertension, BMI,
alcohol, or all confounders listed above, similar results
were found (Table 2).

Sensitivity Analysis

To investigate whether the pooled results were influenced by
individual studies, we excluded one single study at one time to
conduct the sensitivity analysis. We found the overall result
was not influenced by any of the studies (Table 3). Another
method of sensitivity analysis that combined the RRs and 95%
CIs with a fixed effects model was also performed, with a
pooled RR of 1.04 (95% CI: 0.96-1.14).
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Table 2. Summary Risk Estimates of the Association Between HRT and Kidney Cancer Risk.

Group No. of included studies  RR and 95% ClI 1*% PQ P for difference between subgroups

Overall 13 1.08 (0.96-1.22) 38.9%  0.075

Study design
Cohort study 5 1.08 (0.89-1.31) 65.8%  0.020 .798
Case—control 8 1.07 (0.91-1.26) 11.1% 0343
Geographic area
North America 8 1.08 (0.92-1.27) 61.2% 0.012
Europe 3 1.15 (0.84-1.57) 0.0% 0.771 819
Asia-Pacific 2 1.02 (0.78-1.34) 0.0% 0414

Variables adjustment

Smoking
Yes 9 1.05 (0.91-1.21)  39.0% 0.108 .169
No 4 1.16 (0.91-1.47)  35.1%  0.202

Hypertension
Yes 5 1.13 (0.92-1.40) 53.0% 0.074 .098
No 8 1.0l (0.89-1.16) 16.4% 0.301

BMI
Yes I 1.09 (0.95-1.25) 47.2%  0.041 9l
No 2 1.03 (0.76-1.39) 0.0% 0416

Alcohol
Yes 4 1.22 (0.99-149) 39.7% 0.174 .02
No 9 0.99 (0.87-1.12)  13.5% 0.321

Smoking, hypertension, BMI, alcohol
Yes 2 I.11 (0.84-1.47) 58.0% 0.123 462
No 10 1.07 (0.93-1.24) 40.1%  0.081

Abbreviations: BMI, body mass index; HRT, hormone replacement therapy; No., number.

Table 3. Results of Sensitivity Analyses. ) } o -
Begg's funnel plot with pseudo 95% confidence limits

Pooled results =1

Study omitted Combined RR and 95% ClI P i

Karami et al'® 1.12(0.99-1.26) 082

Purdue et al'' 1.10(0.97-1.25) 130 E, —

Lee et al'? 1.10(0.96-1.26) 176 g "

Setiawan et al'? 1.05(0.93-1.20) 415

Zucchetto et al'* 1.07(0.95-1.22) 272 -

Kabat et al'® 1.09(0.96-1.24) 199

Molokwu et al'® 1.03(0.92-1.15) 597

Fernandez et al'’ 1.07(0.95-1.22) 274 2 , _

Gago-Dominguez et al'® 1.09(0.95-1.25) .205 ¢ * se of“t\ag[rr]

Chow et al®® 1.05(0.94-1.17) 421

Lindblad et al'” 1.09(0.95-1.25) 203 . U

F 3. Begg funnel plot of publ bias.
Mellemgaard et al?? 1.09(0.95-1.24) 214 | 'gure 3. Beggiunnel plot of publication bias
McLaughlin et al*' 1.08(0.95-1.22) 247

Abbreviation: RR, relative risk.

Publication Bias

As shown in Figure 3, the funnel plots appear to be symme-
trical. The Egger linear regression test suggested no evidence
of publication bias (P = .111).

Dose—Response Analysis

Nine reports involving 4 cohort and 6 case—control
studies '0:11:13:14.16.17.19.20.22 0ay e included in the dose—

response analysis, according to the REMR model. Figure 4
showed the dose—response relationship between kidney cancer
and years of HRT use. A nonlinear relationship was observed
(P = .0021). As shown in Figure 4, the risk of kidney cancer
decreased by approximately 15% to 28% withup to 12 to 18 years
of HRT use.

Discussion

To the best of our knowledge, this is the first meta-analysis to
evaluate the relationship between HRT use and kidney cancer
risk in women. Our study indicates that a dose-response
inverse relationship exists between HRT use and kidney cancer
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Figure 4. Dose—response relationships between HRT and kidney
cancer. HRT indicates hormone replacement therapy.

risk. A significant benefit in terms of kidney cancer risk reduc-
tion was obtained in women with a history of more than 12
years of HRT use.

There are several lines of evidence supporting the notion
that female hormones may prevent kidney tumorigenesis.
Estrogens can exert their biological effect through 2 major
endoplasmic reticulum (ER) subtypes, ER-a, and in particular,
ER, which is highly expressed in normal tissues, but at low
levels in kidney cancer tissues,*®*” and has antiproliferative
and apoptosis-inducing functions.*® When estrogen binds to
ER-B, AKT, ERK, NF-kB, MMP 9, and JAK signaling path-
way among growth hormone downstream signaling activation
was reduced and activation of the apoptotic cascade was
improved by estrogen complex, promoting apoptosis of kidney
cancer cells.

Two challenging issue related to the state of HRT use and
the type of hormones. Regarding the state of HRT use, past use
and current use were the most common exposure types studied
and 3 studies addressed this issue. Our pooled results showed
that an increased risk of kidney cancer was observed in past
users, but not in current users of HRT. Different exposure times
prior to the date the study took place should be taken into
account, and therefore, these results need to be treated with
caution. With regard to the type of hormones, 6 studies
described the relationship between estrogen replacement ther-
apy and kidney cancer risk.'>!3:!51820 The pooled results indi-
cated that an increased risk was found for kidney cancer. Two
studies assessed the association between kidney cancer risk and
estrogen plus progestin use.'>'* Among 106 036 female parti-
cipants from Hawaii-Los Angeles Multiethnic Cohort with an
average 10.6 years of follow-up, the current user of estrogen
plus progestin had a nonsignificant 27% elevation in kidney
cancer risk.'? Another cohort with 118 219 US nurses showed
there was a nonsignificant tend toward a decreased risk of
kidney cancer for users of estrogen plus progestin.'> The sig-
nificance of these findings are unclear, indicating the need for
further high-quality studies addressing the relationship
between specific types of female hormones and kidney cancer.

Our findings have potential implications for clinical prac-
tice. As HRT is the most common therapy in menopausal
females, and young females with artificial menopause, many
are concerned about the safety profile and adverse effects of
HRT use, such as the promotion of tumorigenesis. Our meta-
analysis indicates HRT use can decrease the risk of kidney
cancer after HRT use up 12 to 18 years, suggesting that HRT
may have a protective effect on the development of kidney
cancer. Similarly, previous studies suggested that women using
HRT had a decreased risk of colorectal cancer, liver cancer,
esophageal cancer, lung cancer, and glioma.”” Current evi-
dence, however, also suggests that HRT is associated with an
increased risk of cardiovascular disease, stroke, breast cancer,
meningioma, ovarian cancer, and cholecystitis.”** Taken
together, this evidence suggests that doctors should balance the
benefits and harmful effects of HRT prior to prescribing it.
Nevertheless, based on this meta-analysis, concerns that HRT
use is associated with an increased risk of kidney cancer may,
at least in part, be eliminated.

To our knowledge, it is the first meta-analysis to compre-
hensively evaluate the relationship between HRT use and the
risk of kidney cancer. A total of 13 studies, including 648 107
participates, were included. Statistical power was greatly
enhanced to detect significant association. Therefore, our study
provided more reliable estimates. Another strength of our study
was that we evaluated the presence of a dose—response rela-
tionship between HRT use and kidney cancer, finding a non-
linear relationship between HRT use and kidney cancer.

Of course, several limitations of our study should be men-
tioned. First of all, the presence of residual confounding factors
is a major concern in observational studies. Women with HRT
use were more likely to adopt other healthy lifestyles. Although
all studies reported risk estimates adjusted for a wide range of
potential confounders, we cannot still rule out the possibility
that measured or inadequately measured factors have biased the
true association. Second, the use of different methods to collect
data may influence the results. Both face-to-face interviews
and self-administered questionnaires were used to assess HRT
exposure in included studies, and participants may have differ-
ent attitudes in response to the assessment using the 2 different
methods, and they may be unable to understand a question
included in questionnaires correctly. This could influence the
accuracy of the data. Third, recall and selective biases were
also a concern in this meta-analysis, as most of included studies
were retrospective. Forth, some heterogeneity was observed in
our meta-analysis. Sources of heterogeneity involved varia-
tions of study type, study design, population characteristics,
and residual confounders. Finally, potential publication bias
could affect the robustness of our results, although no evidence
for publication bias was found.

In conclusion, our meta-analysis indicated a dose—response
relationship between HRT use and kidney cancer risk. Women
with more than 12 years of HRT use were at a decreased risk of
developing kidney cancer during the follow-up period of the
included studies. Additional well-designed prospective studies
with (ie, with lager simple sizes, longer follow-up, specific
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types and doses of female hormones addressed and well-
controlled confounding factors) are needed to confirm our
finding.
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