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Abstract

Sex hormones have been linked to cancer, although their relationship remains undefined.
This study aimed to compare the serum blood levels of estradiol and testosterone among
patients with lung cancer, those convalescing with benign pulmonary lesions, and healthy
individuals. An electronic search was conducted for relevant studies that were published
up to May 2019 and provided the mean and standard deviation of the serum blood levels
of sex hormones. A random—effect model was utilized to achieve significant heterogeneity
from the published data. Nineteen studies involving 961 patients with lung cancer,
262patients with benign pulmonary lesion, and 676 healthy individuals were analyzed. The
meta—analysis showed that estradiol serum blood levels were higher in patients with lung
cancer than in those with pulmonary lesion (standard mean difference [SMD]=4.58, 95%
confidence interval [CI] [-0.61, 9.77], P=0.08) and healthy individuals (SMD=5.65, 95%
CI[1.21, 10.08], P=0.01). By contrast, the testosterone serum blood levels were lower in
patients with lung cancer than in those with pulmonary lesion (SMD=-0.97, 95% CI [-1.60,
—0.33], P< 0.01) and healthy individuals (SMD=-1.05, 95%CI [-1.50, —0.59], P<0.01).
Subgroup analysis showed that the above—mentioned observations were more pronounced
in men than in women (P for interaction <0.05). In Chinese population, higher estradiol
serum blood levels but lower testosterone serum blood levels were found in patients
with lung cancer compared with those of patients with benign lung lesion and healthy
individuals. Our findings provided epidemiological support for the role of sex hormones in
the pathogenesis of lung cancer. The generalizability of these findings to other populations
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Introduction

Lung cancer is the most frequently diagnosed cancer and the
most common cause of cancer death worldwide, particularly in
China with a total of 782,000 new cancer cases and 626,000 cancer
deaths in 2014." the high incidence of lung cancer is affected by risk
factors, such as smoking as the primary and gender. Women smokers
seem to have greater risk of developing lung cancer compared with
their nonsmoking counterparts.> among sex steroids, estradiol and
testosterone are the major contributors of lung cancer pathogenesis.
Estrogen plays an important role in the progression of lung cancer
through genomic or non—genomic pathways; furthermore, certain
proportions of estrogens in situ are produced through aromatase
from circulating precursor testosterone.® Although serum estrogen is
substantially associated with a poor lung cancer survival rate,* data
on the relationship between circulating steroid hormone levels and
lung cancer status are limited. In this study, we performed a meta—
analysis to compare the estradiol and testosterone serum blood levels
of patients with lung cancer with those having benign pulmonary
lesions and healthy individuals.

Methods

Literature search and inclusion and exclusion criteria

We performed an electronic search of the PubMed, Cochrane
Library, China National Knowledge Internet database, VIP, WANG
FANG MED, and Sino Med from the date of publication inception
to May 2019 with restriction to the English and Chinese languages.

We used the following keywords for searching: “serum sex
hormones,” “serum estradiol,” “serum testosterone,” “lung cancer,”
“lung carcinoma”, and “lung neoplasms”. In addition, we reviewed
reference lists from retrieved articles to identify any potentially
relevant studies. We did not contact the authors of the included studies
to obtain additional information.

Inclusion criteria for eligible studies were as follow: First, the
studies must be domestic or foreign literature published on the serum
blood levels of sex hormones and lung cancer with the reference
languages limited to English and Chinese. Second, the patients must
be diagnosed with lung cancer. Third, case control studies must
compare the estradiol or testosterone serum blood levels of patients
with lung cancer with those with benign pulmonary lesions or
healthy individuals. In addition, the studies must provide the mean
and standard deviation of serum sex hormones. We excluded studies
that measured the serum sex hormones of patients after surgery or
chemoradiotherapy.

Data extraction and quality assessment

Two reviewers (Y.W and X.L) utilized the Newcastle—Ottawa scale
(NOS) to independently perform quality assessment for the included
studies. This scale consists of eight items categorized into three
aspects (i.e., selection, comparability, and outcomes). An individual
study may earn a maximum of nine stars after the evaluation of its
three aspects. In this review, high—quality studies were defined as
those earning>7 stars. Any discrepancies regarding the results of
quality assessment were handled through discussion.
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Statistical analysis

With regard to the different detection methods and measurement
units of serum sex hormones among the included studies, standardized
mean difference (SMD) was utilized to reveal between—group
differences. Random—effect and fixed—effect models were undertaken
to calculate the weight of each effect measure for data with and without
heterogeneity, respectively. The characteristics of the included studies
involved the assessment of clinical and methodological heterogeneity
utilizing Chi? and I? statistics. Substantial inconsistency across the
studies was set when the P—value was <0.1, and I> was >50%. We
performed predefined subgroup analyses to investigate whether our
pooled results were modified. Sensitivity analyses were performed
by applying our various exclusion criteria, ignoring a single study
in turn, and repeating meta—analysis through a fixed—effect model to
identify possible sources of heterogeneity and to evaluate the stability
of pooled results.

Publication bias was assessed with the Begg’s and Egger’s
methods. Data synthesis and analysis were performed by utilizing the
RevMan5.3 software. Statistical significance was set at a probability
level of <0.05 under the two—sided test unless otherwise specified.

Results

Literature research

The specific process of our literature search is shown in Figure 1.
Seventeen potential studies were identified after full-text screening.
Two additional works were selected after the reference screening.
Altogether, a total of 19 studies were included in our meta—analysis.

Table | Basic characteristic of the included studies
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Identification

Records identified through database searching
(n=6140)

Screening

Records after duplicates removed (n=5264) ‘

J

| Records sereencd (n=5264) ‘

Records excluded after reviewing title and abstract (n=5231)
Eligibility
Full-text articles assessed for eligibility (n=33) ‘

Full-text articles excluded (n =16)

® Not lung cancer (n=2)

® Receiving radiotherapy and chemotherapy (n=7)

@ Not case-control studies (n=3)

® Data not in the form of mean +standard deviation (n=4)

’—{ Study identified by reviewing references of pertinent articles (n=2)

Included

Studies included in meta-analysis (=19)

Figure | Flow diagram of literature selection.
Study characteristics

For the 19 included studies, 961 subjects were in the lung cancer
groups, 676 ones in the healthy control groups, and 262 ones in
the benign pulmonary lesions groups. The participants of 9 studies
consisted of both men and women, whereas 9 studies included only
men, and 1 study included only women. The basic characteristics of
the included literature are detailed in Table 1.

Number of Number Number . Quality
A Detection Test .
Author Year Gender lung cancer  of healthy of benign evaluation
. method content
cases cases lesions cases (stars)

Zlvsa"g 1994 MF 21 40 / RIA E,T 6
Luoetal® 1994 M 47 20 / RIA E, 6

St‘e“ 1996 MF 50 20 / RIA E,T 6

Shao et

L 1998 M 68 ) / RIA E,T 6
Liecal? 1998 F 2 25 / RIA E,T 6

ST“ 1999 MF 53 53 53 RIA E,T 7

5*]?” € 2001 M 70 30 30 IEMA E,T 6

i*}?u 2002 M 25 30 8 IEMA E,T 6

:I"‘,‘f’ et 2004  MF 60 30 / CLIA E,T 7

g*,‘f" €€ 2005 M 62 20 24 RIA E, 6
Suetal’s 2007 M 27 34 19 CLIA E,T 7
Guetal'* 2010  M,F 27 30 30 CLIA T 7
Xuetal” 2011  MF 54 10 / RIA E,T 7
Guetal® 2014 MF 47 32 45 ELISA E,T 7
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Table continued
Number of Number Numbfr Detection Test Quallty.
Author Year Gender lung cancer  of healthy of benign evaluation
. method content
cases cases lesions cases (stars)
Zhanget 015 MF 60 60 / CLA E, 7
jﬁf“g € 2015 MF 48 40 / CLIA E2 8
5@?"*‘; € 2016 M 9 / 23 ELISA E2T 7
Gao et 2017 MF 40 40 40 CLIA E 7
al.2 2
ﬁﬁ?”g € 2017 M 10 80 80 CLIA E,T 7

191

Abbreviations: M, male; F female; RIA, radioimmunoassay; IEMA, immuno enzymometric assay; ELISA, enzyme-linked immunosorbent assay; CLIA,

chemiluminescent immunoassay; E,, estradiol; T, testosterone.

Meta-analysis

Estradiol and lung cancer: Our pooled results showed that the
estradiol serum blood levels were higher in the lung cancer group
than in the healthy control group (SMD=5.65, 95% CI [1.21, 10.08],

Wang F, 1994
Luo M, 1994
Chen F, 1996
Chen M, 1996

Li F menopause,
Shao M, 1338
Chen F, 1999
Chen M, 1999
Zhou M, 2001
Znou M, 2002
Hao MiF, 2004
Chen M, 2005
SuM, 2007

Xu MF, 2011
GuM, 2014
Zheng F, 2015
Zhang MIF, 2015
Zneng M, 2015
Gao MFF, 2017
Zhang M, 2017

Total (95% C1)

1988

3.2
6.38
4793
17.16
14,87
65.12
4369
10.44
1995
17
224
3.3
6.43
3.2
36,51
23.55
23.15
20.92
3037
a0
3251

306
366
6.89
38.83
712
1362
1982
7.03
12719
18.1
15.7
14.39
21
6.1
354
234
36.01
1275
1529
1215
1.2

edll
14 1996 149
7 9142 69.81
47 129 158
25 46,32 18.38
27 1847 525
17 6213 15.53
66 58.45 18.71
10 917 7.14
43 889 58
70 126 48
25 126 48
60 23.16 11.31
62 40 0487
7 193 41
5 2861 654
47 3315 343
15 28 547
60 964 264
33 18.95 1263
40 847 138
110 19.54 538

859

Healthy control

3.1%

P=0.01, Figure 2). Similarly, the aforementioned observation was also
detected when we compared the lung cancer group with the benign
pulmonary lesion group (SMD=4.58, 95%CI [-0.61, 9.77]) with
marginal significance (P=0.08, Figure 3).

[V, Random, 95% Cl Year

Mean Difference

11.28 [-6.03, 28.59] 1994

20
20 15% -8504[-115.75,-54.33) 1994
20

5.0%
10 2%
10 54%
16 44%
4.9%
5.1%
9.4%
5.3%
5.1%
5.2%
5.7%
5.6%
5.4%
5.7%
29%
9.5%
4.9%
9.5%
5.6%

TsEEZEgEg2EEssE828

597 100.0%

Heterogeneily: Tau® = 89.86; Chi* = 828.05, df = 20 (P < 0.00001); I* = 98%

Testfor overall efiect: Z = 249 (P = 0.01)

16,64 [9.53, 23.75] 1994
-29.16[48.69, -9.63] 1996
360[-7.82,062] 1996
299(7.00, 1298] 1998
-14.76[-22.12,-740] 1998
127 [4.94,748] 1999
11.06 (6,86, 15.26] 1999
12.10[7.31, 16.89] 2001
9.80[3.41,16.19] 2002
14.17[8.73, 19.61] 2004
2.42[1.77,3.07) 2005
11.90[9.22, 14.58] 2007
7.00[3.74, 12.06] 2011
960(-10.96,-8.24] 2014
2035[1.97,3873] 2015
19,88 [16.59, 23.17] 2015
1142381, 19.03] 2015
2080 [17.01,2459] 2017
1297 [11.17, 14.77) 2017

5,65[1.24,10.08)

Figure 2 Meta-analysis of serum estradiol levels in the lung cancer group and healthy control group.
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Lung cancer

Chen M, 1999 19.95 12.79
Chen F, 1999 1044 703
Zhou M, 2001 27 194
Zhou M, 2002 24 157
Chen M, 2005 643 21
Su M, 2007 312 61
Gu M, 2014 85 234
Zhang M, 2016 1121 923
Gao MIF, 2017 2.2 1215

Total (95% CI)
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Benign lesions Mean Difference Mean Difference
al Me al Weigh o (] Yea m, 35% Cl
43 869 543 43 12%  11.26[7.11,1541) 1999 -
10 79 379 10 109%  248[-247,743) 1999 1B
0 13 93 30 106% 11.70(6.12 17.28) 2001 -
6 129 45 8 99%  950[260,16.40) 2002 T
62 583 174 24 120%  060[-0.27,147) 2005 '

2 N6 33 19 117%  10.60[7.86,13.34) 2007 -
a7 352 21 45 120%  -797(902,-692) 2014 N

2 259% 866 13 104% -B69[14.76,-260) 2016 T

40 1679 33 40 113% 1248(8.58, 16.38) 2017 -
346 20 1000%  438[061,977) 0|

Heterogeneity: Tau? = 58.08; Chi? = 366.99, df = 8 (P < 0.00001); I = 98%
Test for overall effect 2= 1.73 (P = 0.08)

2400 02
Favours experimental - Favours control

Figure 3 Meta-analysis of serum estradiol levels in the lung cancer group and benign lung lesion group.

Testosterone and lung cancer: The lung cancer group showed
lower testosterone serum blood levels than the healthy control group
(SMD=-1.05, 95%CI (-1.50,-0.59), P<0.00001) and the benign lung

lesion group ((SMD=-0.97, 95%CI (-1.60, 0.33), P=0.003). These
statistically significance results showed the correlation between serum
testosterone and lung cancer (Figures 4 & 5).

Lung cancer Healthy control Mean Difference Mean Difference
ud )0 123 gi Random, 325 g IV, Random, 95% Cl
Wang M, 1994 248 144 14 626 227 20 46% -3.78[-5.03,-2.53] 1994 _'_
Wang F, 1994 035023 7 037 03 68%  -0.02[-0.24,0.20] 1994 T
Chen M, 1996 445 244 27 642 122 10 47%  -1.97[-3.16,-0.78) 1998 T
Chen F, 1995 042 036 23 034 013 10 68%  008[0.09025 199 i
Shao M, 1998 71284 68 455 19 42 54% 2.55[1.85,3.45] 1998 -
Li F menopause, 1998 042 044 17 068 018 16 69% -0.26[-0.37,-0.15) 1898 ’
LiF nol menopause, 1998 0.25 007 & 077 014 9 69% -052[-0.63,-041] 1998 -
Chen M, 1999 449 233 43 531 253 43 51%  -0.82[1.85.021] 139 |
Chen F, 1999 069 104 10 143 14 10 50% -044[152 064 1999 T
Zhou M, 2001 33 15 70 41 15 30 64%  -080[-1.44,-0.16] 2001 -
Zhou M, 2002 29 13 25 41 15 30 58% -1.20[-1.94,-0.46] 2002 -
Hao MF, 2004 329 187 60 539 187 30 57% -210[-289,-1.31] 2004 -
Su M, 2007 39 12 21 55 14 M 60% -160[2.25-0.98] 2007 -
Gu MF, 2010 297 187 27 53 187 30 54% -233[-3.25,-1.41] 2010 -
Xu M, 2011 317 145 54 432 144 10 53%  -1.15[-2.09,-0.21) 2011 -
Gu M, 2014 312 048 47 558 037 32 68% -246[-265,-2.27] 2014 "
Zhang M, 2017 387 142 110 562 137 B0 66% -1.75[-2.12,-1.38) 2017 -
Total (95% CI) 634 456 100.0%  -1.05[-1.50,-0.59) ¢
Heterogeneity: Tau? = 0.79; Chi? = 661,64, df = 16 (P < 0.00001); F = 98% i 2 0 2 4

Test for overall effect: Z = 4.48 (P < 0.00001)

Favours experimental Favours control

Figure 4 Meta-analysis of serum testosterone levels in the lung cancer group and healthy control group.
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Lung cancer

Chen F, 1999 !
Zhou M, 2001 315 N 32

Begin lesions

436 265
067 1.03
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Zhou M, 2002 29 13 % 38 12
Su M, 2007 3127 52 12
Gu M, 2010 297161 7 52 14
GuM, 2014 32048 47 47 049
ThangM, 2016 217157 2 3% 1M
Total (95% C) m

Heterogenely: Tau? = 0.86; C1e = 51.01, df =7 P <0.00001); = 86%
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Mean Difference
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10 119%  002]-0.89,093] 1999
30 139%  0.10(-0.48,068) 2001
§ 115% -1.00[-196,-0.02) 2002
19 132% -1.30(-200,-0.60] 2007
0 126% -225[-3.06,-1.44) 2010
45 155% -158[-178,-138] 2014
15 104% -1.75[-290,-0.60] 2016

wi

198 100.0% 07 [-1.60, .33

Mean Difference

Copyright:
©2019Wu et al.

-
T
-
1
¢
A0 9 0 3 10

Favours experimental - Favours control

Figure 5 Meta-analysis of serum testosterone levels in the lung cancer group and benign lung lesions.

Subgroup analysis: We conducted pre—specified subgroup analyses
to determine whether the observed association between the serum sex
hormones levels and lung cancer was modified by detection methods,
sex, number of cases, NOS stars and publication year, and adjustment

for confounders. P interaction for the difference between subgroups 7).

A Subgroup Cancer(n) Healthyin) Mean Difference (95 %CI) I"[%[ Pinteraction
Methods 0.01
RIA an 221 — 0.03 (-5.13,5.20) 91
IEMA 95 60 o 1127 (744.15.11) 0
CLA 5 284 . 15.97 (12,67.19.28) 82
Sex 0.06
Male 573 381 - 5.711051.1092) 98
Female 72 7% —1 -13.49(-33.18.6.20) 91
Number of cases 0.30
<50 a7s 325 - 2.83(-5.07.10.73) 97
250 484 272 — 8.17(1.84,14.50) 98
NOS 0.03
<7 360 360 —a— 054 (-6.795.70) 92
27 499 379 —— 10.82(2.71.18.93) 98
Year 0.01
<2000 256 191 — 4.29(-13504.92) 92
22000 803 406 —a— 10.71(5.10.16.32) 98
-35.00-27.00-19.00-11.00 3.00 5.00 13.00 21.00
B Subgroup Cancer(n) Benign(n) Mean Difference (95 %CI) I’[%) P nteraction
Methods 0.01
RIA 115 77 —_— 463 (-205,11.31) 92
IEMA 95 8 —— 10.83 (6.49.15.17) 0
CLIA 67 53 —.— 11.22 (8.98.13.46) 0
ELISA 69 58 - 7.99(-9.03.-6.96) 0
Number of cases 0.83
<50 214 178 —t— 4.23(-4.59.13.05) 98
250 132 54 R 579(-5.06.16.65) 93
NOS 059
<7 157 62 +—— 6.86 (-1.44.15.16) 90
27 189 170 — 34 (-6.16.12.96) 98
Year 056
<2000 53 53 e B — 6.98 (-1.62.15.58) 86
22000 293 179 i e — 3.91(-1.929.74) 98

<1000 500 000 500 10.00 1500 20.00

Figure 6 The subgroup analysis of serum estradiol levels in lung cancer group and healthy controls and benign lesions.
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was calculated. The results showed that different detection methods
may greatly contribute to heterogeneity. In addition, the results of
testosterone were consistent in both of the healthy controls and benign
lesion group, whereas estradiol results were less stable (Figures 6 &
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A Subgroup Cancer(n) Healthy(n) Mean Difference (95 %CI) 1°(%)  Patesaction
Methods 0.01
RIA 268 190 _— -0.38 (0.72,0.04) 93
IEMA 95 60 B “0.97 (-1.46,-0.49) 0
CLIA 224 174 " -1.82 (-2.10.-1.54) 0
Sex 0.01
Male 431 321 el -1.30(-2.13-0.48) 95
Female 62 85 ] -0.20 (-0.45,0.05) 30
Number of cases 0.50
<50 272 264 —a— -1.18 (-1.70.-0.65) 98
z50 362 192 . -0.67 (-2.03.0.68) 95
NOS 0.0
<7 256 187 - 0.41(-0.76,-0.07) 94
27 avs 269 —— -1.68 (-2.16.-1.20) 82
Year 0.01
<2000 214 180 i -0.32(-0.67,0.03) 93
22000 420 276 i -1.70(-2.18.1.22) 85
200 200 -1.00 100 200 3.00
B Subgroup Cancer(n) Benignin) Mean Difference (95 %Cl) 17(%)  Pinteracion
Methods 0.03
IEMA 95 38 e Rt 0,38 (-1.45,0.69) 72
CLIA 101 94 N -1.64 (-2.01,-1.26) 38
Number of cases 0.01
<50 201 168 . -1.16(-1.72-0.60) 76
=50 70 30 —— 0.10 (-0.48.0.68) I
NOS 0.21
<7 95 38 . 0.38(-1.45,0.69) 72
27 176 160 —— =117 (-1.80,-0.54) 79
Year 0.01
<2000 53 53 [ 0.07 (-0.62,0.75) 0
22000 218 145 — -1.27 (-1.93.-0.61) 85
-2.50 -1.50 0.50 0.50 150

Figure 7 The subgroup analysis of serum testosterone levels in lung cancer group and healthy controls and benign lesions.

Publication bias

We did not find evidence of publication bias for any association
with Begg’s and Egger’s tests (P>0.05).

Discussion

The role of estrogenic steroid hormones in the etiology of lung
cancer is not entirely clear, although lung cancer is widely accepted
as a hormone-related cancer.?* This article reviewed 19 studies that
analyzed 961 patients with lung cancer, 262 patients with benign
pulmonary lesion, and 676 healthy individuals. The meta—analysis
showed that the estradiol serum blood levels were higher in patients
with lung cancer than in those with pulmonary lesion and healthy
individuals. By contrast, testosterone serum blood levels were lower
in patients with lung cancer than those in patients with pulmonary
lesion and healthy individuals.

Estrogen is an important steroid hormone that has been postulated
as a contributor in the development and progression of many cancer
types. However, the results are inconsistent in the literature.>>” Zhang
et al.® found that female patients with esophageal squamous cell
carcinoma (ESCC) and a higher estradiol serum blood level have a
favorable survival than those with low serum levels, indicating the
protective effect of serum estradiol on ESCC.* Patients with breast
cancer in the Geneva Cancer Registry who utilized antiestrogens
showed significantly reduced lung cancer mortality.”® A high level of
circulating estrogen can increase the risk of postmenopausal breast
cancer, especially estrogen receptor positive tumors.” The detection

of estradiol serum blood levels may also contribute to the clinical
early diagnosis and treatment of lung cancer. Serum estrogen is
significantly associated with poor lung cancer survival, and specific
genotypes affecting serum estrogen and tumor ER-o expression
levels are associated with lung cancer prognosis. Existing studies
have shown inconsistency about the correlations between serum
estradiol and lung cancer status. In our subgroup meta-analysis, the
statistically significant increase in the serum estradiol levels in lung
cancer groups was observed in males but not in females. Given the
lack of information related to reproductive factors (e.g., menopausal
status, age at menarche, oral contraceptive use, postmenopausal
hormone use), the association between serum estradiol and lung
cancer in female groups still does not have a definitive conclusion.
Well-designed further studies are needed to obtain conclusive results.

The association between androgen represented by testosterone and
cancer has been less explored. Cohort studies showed that elevated
testosterone serum blood levels are associated with an increased risk
of early cancer death. High testosterone serum blood levels may be
associated with lung cancer and incidental prostate cancer.’*3' The
present study showed that serum testosterone levels were lower in the
lung cancer population than in the control groups. Aromatase, a rate-
limiting enzyme that converts androgen into estrogen in lung tissues,
can promote the conversion of testosterone to estradiol and may be
the cause of decreased testosterone serum blood levels in patients
with lung cancer. Unfortunately, most of the included reports do not
mention the level of aromatase in lung tissues.
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This study has limitations. First, the results may be suitable only
for the Chinese population because no articles of foreign literature
were retrieved. Second, although subgroup analysis revealed that the
detection method for hormone is the major source of heterogeneity,
a large part of the heterogeneity remains to be analyzed. Third,
confounders, such as smoking status, female reproductive factors,
classification and stage of lung cancer, were not addressed in most
of the recruited studies. Fourth, the sample size of the study on the
correlation between serum estradiol and lung cancer in females was
not sufficiently large. Therefore, further stratified studies are needed
to reveal the association.

Conclusion

Patients with lung cancer show higher serum estradiol levels but
lower serum testosterone levels compared with those having benign
lung lesion and healthy individuals. This result suggests the serum
blood levels of sex hormones as a biomarker for the diagnosis of
lung cancer. Our findings provide some epidemiological support
for the role of sex hormones in the pathogenesis of lung cancer. The
generalizability of these findings to other populations must be further
studied.
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