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OBJECTIVE

Several studies have shown that increased risk of venous thromboembolism (VTE) with hormonal con-
traceptives is mediated through the sex hormone-binding globulin (SHBG) through different pathways.
Assuming SHBG as surrogate marker for hormonal stimulus as an increasing risk factor for VTE, we in-
vestigated if background SHBG has any impact on VTE in patient with advanced stage adenocarcinoma.
Blood drawn from patients with VTE (n=45) and from patients without VTE (non-VTE; n=23), as a con-
trol group without a history of VTE, and SHBG levels were compared between groups. There was no differ-
ence in SHBG levels between VTE (59.7+41.5) and non-VTE (60+49) (p=0.71) group, but gastric cancer
patients had statistically higher SHBG levels (73.7+39.9; range from 36.6 to 176.2 ) than rest of the cohort
(56.54+44.4; range from 9.6 to 246.6) (p=0.033), although it was out of scope of this study. Although our
study did not show any impact of SHBG levels on risk of VTE at patients with advanced stage adenocarci-
noma, it revealed high levels of SHBG at gastric cancer patients which deserve further research.

METHODS

Blood drawn from patients with VTE (n=45) and from patients without VTE (non-VTE; n=23), as a
control group without a history of VTE, and SHBG levels were compared between groups.

RESULTS

There was no difference in SHBG levels between VTE (59.7+41.5) and non-VTE (60+49) (p=0.71)
group, but gastric cancer patients had statistically higher SHBG levels (73.7+39.9; range from 36.6 to
176.2 ) than rest of the cohort (56.54+44.4; range from 9.6 to 246.6) (p=0.033), although it was out of

scope of this study.

CONCLUSION

Although our study did not show any impact of SHBG levels on risk of VTE at patients with advanced
stage adenocarcinoma, it revealed high levels of SHBG at gastric cancer patients which deserve fur-

ther research.
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Introduction serum levels increase dose dependently on estrogen
intake but decrease after the administration of proges-
Sex hormone binding-globulin (SHBG) is a carrier gly-  terone and can be viewed as an indicator of total estro-

coprotein produced in the liver and binds the steroid sex  genicity.[2] Several studies have shown that increased
hormones (testosterone and 17B-estradiol).[1] SHBG  risk of venous thromboembolism (VTE) with hormonal
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contraceptives is mediated through the SHBG through
different pathways. It has been demonstrated that
SHBG levels were positively correlated with acquired
activated protein C (APC) resistance among combined
oral contraceptive (COC) users.[3,4] In addition, there
is a positive correlation between SHBG and thrombin
generation that increases the predisposition for VTE,[5]
in the absence of APC resistance among users of hor-
monal contraceptives.[6] Consecutive evidence suggest
that SHBG may be used as a biomarker in assessing pro-
thrombotic profile of hormonal contraception. Euro-
pean Medicines Agency recommends SHBG measure-
ments for the assessment of prothrombotic profile in the
development of combined hormonal contraceptive.[7]
However, SHBG serum levels are not only determined
solely by estrogenicity but also associated with age, gen-
der, body mass index, diabetes, hyperthyroidism, liver
disease, and genetic variants of SHBG gene.[8] Recently,
researchers identified that high serum SHBG would be a
biomarker for early gastric cancer.[9]

SHBG can be easily and rapidly measured in rou-
tine laboratories and may be useful to asses prothrom-
botic profile and further validation with more studies
as biomarker in gastric cancer. Assuming SHBG as
surrogate marker for hormonal stimulus as an increas-
ing risk factor for VTE, we herein sought to elucidate if
background SHBG has any impact on VTE in patient
with advanced stage adenocarcinoma.

Materials and Methods

Patients

This is a retrospective case—control study including pa-
tients 18 years and older with histologic diagnosis of
adenocarcinoma followed by Istanbul Bilim University
Department of Medical Oncology between October
2007 and April 2012. Among 1845 patients, 99 (5.4%)
experienced VTE. The diagnosis of VTE was confirmed
by radiology and the patients were treated accordingly.
We defined VTE according to their sites as deep ve-
nous thrombosis (DVT), pulmonary embolism (PE),
other vascular territories (subclavian, jugular, superior
vena cava, and iliac veins) (OVTs), and central venous
catheter related (CVC-R). Blood drawn from patients
with VTE (n=45) at any time, during active treatment
or follow-up and any stage of cancer, and from patients
without VTE (non-VTE; n=23), as a control group
without a history of VTE during at least a 29-week du-
ration after cancer diagnosis which is the median time
from diagnosis to VTE in our cohort.
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SHBG levels were compared between groups. All
the laboratory analyses held in the Department of Bio-
chemistry, Haseki Research and Training Hospital. The
study protocol approved by the Local Ethics Committee
of Haseki Research and Training Hospital, and written
informed consent was obtained from all patients before
inclusion into the study. The study granted by Tez ve
Akademik Calismalar Danisma ve Izleme Komisyonu,
which is research support organization of Haseki Re-
search and Training Hospital.

Assay of SHBG

Venous blood samples were collected in tubes from
the antecubital vein, followed by overnight fasting. The
tubes were centrifuged at 4000 rpm (10 min) to remove
the serum. The serum samples were stored at -80°C un-
til analysis SHBG. We used in vitro diagnostic reagent
for the quantitative determination of SHBG in human
serum by means of chemiluminescent immunoas-
say on Beckman Coulter Access Systems. (Beckman
Coulter, Inc., 250 S. Kraemer Blvd., Brea, CA 92821
US.A.). The access SHBG assay is a sequential two-
step immunoenzymatic (“sandwich”) assay. A sample
is added to a reaction vessel along with paramagnetic
particles coated with monoclonal anti-SHBG antibody
and saline buffer with proteins. After incubation in a
reaction vessel, materials bound to the solid phase are
held in a magnetic field while unbound materials are
washed away. A second monoclonal anti-SHBG anti-
body conjugated to alkaline phosphatase is added to
the reaction vessel. After the second incubation in the
reaction vessel, materials bound to the solid phase are
held in a magnetic field while unbound materials are
washed away. Then, the chemiluminescent substrate
Lumi-Phos* 530 is added to the vessel and light gen-
erated by the reaction is measured with a luminome-
ter. The light production is directly proportional to the
concentration of SHBG in the sample. The amount of
analyte in the sample is determined from a stored, mul-
tipoint calibration curve. Reference unit was nmol/L.

Statistical Analysis

Descriptive statistics were reported as percentages and
medians with standard deviations. The Chi-square test
was used for the comparison of categorical variables. Stu-
dent’s t-test and Mann-Whitney U-test were used for the
comparison of means. P<0.05 was considered statistically
significant. Statistical analyses were performed with the
use of SPSS version 17 (SPSS Inc., Chicago, Illinois, USA).
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Results

There was no statistically significant difference in de-
mographics variables. Sixty-eight patients, 35 of them
women, aged between 37 and 80 are evaluated. At VTE
group, 19 (42%) had PE, 18 (40%) had (DVT), 4 (9%)
had CVC-R, and 4 (9%) had OVT. Frequencies of can-
cer sites for VIE and non-VTE group were colorectal 20
(29%), gastric 13 (19%), pancreatic 11(16%), breast 10
(15%), lung 6 (9%), and 8 (12%) other (prostatic 3, hepa-
tobiliary 2, unknown primary 2, and ovarian 1) (Table
1). Thirteen (37%) women were younger than 50 years
old and SHBG levels were not different between males
(meantSD; 63.6+53.6) and females (56.3+32.4) (p=0.98).
There was no difference in SHBG levels between patients
experienced VTE (59.7+41.5) and patients without VTE
(60£49)(p=0.71), but gastric cancer patients (n=13, 11
with a history of VTE) had statistically higher SHBG
levels (73.7+39.9; range from 36.6 to 176.2 ) than rest of
the cohort (n=55) (56.54+44.4; range from 9.6 to 246.6)
(p=0.033), although it was out of scope of this study.

Discussion

The association between cancer and venous thrombosis
was first described in 1823 by Bouillard[10] and in 1865,
Trousseau,[11] later coined as Trousseau’s syndrome.
Almost all patients with active cancer have some degree
of the activation of coagulation cascade[12] resulting
4-7-fold increased risk of VTE than general popula-
tion[13] and making it an important cause of death in
patients with cancer.[14] Even after adjusting for stage,
cancer patients with thrombosis have 2-fold increased
risk of mortality compared with cancer patients with-
out.[15,16] Patients with adenocarcinoma are gener-
ally considered to more prone to developing VTE duo
to the high frequency of adenocarcinoma in patients
with thrombosis. A large cohort study of lung cancer
showed that the risk of VTE was 20-fold higher in lung
cancer patients than in general population (standard-
ized morbidity ratio: 20 [14.6-27.4]), and within the co-
hort, adenocarcinoma was associated 3-fold increased
risk compared to patients with squamous cell carcinoma
(crude adjusted hazard ratio 3.1, 95% CI% 1.4-6.9).[17]

Table 1. Characteristics of patients with adenocarcinoma (n=68) with and without VTE

VTE P
Yes No
n=45 n=23
Age 60.7+12 (37-80) 55.7+10.2 (38-77) 0.095
Female, n=35 (51%) n=22 n=13 0.18
(58.2+12.6; 37-80) (52.6+9.9; 38-69)
Male, n=33 (49%) n=23 n=10 0.42
(63.1+11.2; (42-78) (59.8+9.6; 44-77)
SHBG, n=68 59.7+41.5 (9.6-246) 60+49 (14-246.6) 0.71

Adenocarcinoma by sites
Colorectal, n=20 (29%)
Gastric, n=13 (19%)
Pancreatic, n=11 (16%)
Breast, n=10 (15%)
Lung, n=6 (9%)
Prostatic, n=3 (4%)
Cholangiocarcinoma, n=2 (3%)
Unknown primary, n=2 (3%)
Ovarian, n=1 (2%)

VTE by sites, n (%)
PE
DVT
CVC-R
OVTs

19
18
4(9)
4(9)

=
o

- O = = 0O Ul wN

VTE: Venous thromboembolism; SHBG: Sex hormone-binding globulin; PE: Pulmonary embolism; DVT: Deep venous thrombosis; CVC-R: Central venous catheter

related; OVTs: Other vascular territories (subclavian, jugular, superior vena cava, and iliac veins).
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Likewise, emerging evidence let to investigators de-
velop a predictive model for chemotherapy-associated
VTE, which citing as very high risk of primary cancer
site for stomach and pancreatic adenocarcinoma.[18]
Carcinoma mucins, interacting with selections, propa-
gate platelet-rich thrombus without thrombin genera-
tion and suggest a fluid-phase coagulation-independent
mechanism for Trousseau’s syndrome thus provides a
rationale for its frequent association with mucin-rich
adenocarcinomas.[19,20] However, mechanism of this
coexistence needs to be more explored.

Our results demonstrated that SHBG did not differ
in patients with adenocarcinoma with VTE and with-
out VTE indicating that hormonal stimulus or back-
ground hormonal milieu did not have any impact on
increased risk of VTE in patient with advanced stage
adenocarcinoma. The plasma levels of SHBG are the
sum of multiple stimulatory and inhibitory factors.
Women show decreasing level of SHBG between the
second and sixth decades followed by a steady increase
at around 60 years, a U-shaped trajectory, whereas
men show an increasing levels with age.[21] There is
now overwhelming evidence that both, estrogen-con-
taining postmenopausal HRT and COC:s is associated
with clinically important increased risk of VTE, higher
the estrogen content higher the risk, dose dependently.
[22] At present, clear explanation for the correlation
between the changes in SHBG level and thrombin gen-
eration and APC resistance induced by COCs does not
exist. Hormonal contraceptives, which are metabolized
in the liver, might interfere with the synthesis of pro-
coagulant and anticoagulant factors and SHBG, which
are produced in the liver.[6] Our results indicate that
cancer-related thrombosis process does not have mu-
tual pathways with hormonal mechanisms.

Tissue factor (TF) expression by cancer cells, which
is the most likely explanation of procoagulant activity
in cancer patients, is shown to be started at early stages
carcinogenesis with the activation of MET oncogene.
[23] In the Khorana scoring model for chemotherapy-
associated VTE, pancreatic cancer cited as a “very high-
risk” tumor type[18] which is reported to express high
levels of TE.[24] Lately, Hingorani et al.[25] confirmed
the hypercoagulability of pancreatic cancer emphasiz-
ing role of TF in VTE in advanced adenocarcinoma. In
this Phase II trial, patients with advanced stage pancre-
atic adenocarcinoma were randomly allocated to treat-
ment with pegvorhyaluronidase alfa (PEGPH20), which
degrades hyaluronan, with nab-paclitaxel/gemcitabine
(PAG) versus nab-paclitaxel/gemcitabine (AG). How-
ever, high rate of (43%) thromboembolic events (TEs)
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in PAG arm led to exclusion of patients with TE events
in PAG arm, andand initiation of prophylactic use of
enoxaparin. With the enoxaparin initiation, TE events
were 14% in PAG and 10% in AG arms.

In a recent study by Cheng et al.,[9] plasma SHBG
levels have been identified and suggested as a potential
early diagnostic biomarker for gastric cancer. Although
it was out of scope of this study, gastric cancer patients
had statistically higher SHBG levels (73.7+£39.9; range
from 36.6 to 176.2) than rest of the cohort (56.54+44 .4;
range from 9.6 to 246.6) (p=0.033). In this case, SHBG
needs to be identified if it is the smoke or the fire.

Although to the best of our knowledge, this is the
first study sought to elaborate relationship between
SGBG and thrombosis in adenocarcinoma, retrospec-
tive nature of study inherent limitations. We are aware
and acknowledge that caution required interpreting re-
sults when a candidate surrogate marker like SHBG is
studied, as they can be severely misleading, hence, its
levels are affected by many dependent end independent
factors. One other limitation of our study relates to the
relatively small population sample.

In conclusion, SHBG levels were not different in
cancer patients with VTE compared to controls with-
out VTE. Our study cannot totally exclude the possible
association between VTE and SHBG levels in gastric
cancer.
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