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Abstract: Background: Thrombosis is one of the most common complications in cancer patients, however the ef-
fect of thrombophilic polymorphisms on cancer specific survival is still unclear. Objectives: The aims of the study
were to analyze the effect of factor V Leiden (FVL), prothrombin (PT) G20210A, and methylenetetrahydrofolate
reductase (MTHFR) C677T polymorphisms on disease-free survival (DFS) in breast cancer and to evaluate the
proportional odds model. Methods: Relationship between thrombophilic polymorphisms and DFS was evaluated in
197 breast cancer patients. Data regarding patient’s age, menopausal status, tumor size (T), lymph node status
(N), cancer stage, tumor grade (G), estrogen and progesterone receptors, c-erbB2 expression, MTHFRC677T, FVL,
and PTG20210A polymorphisms in DFS were examined by log-rank test and multivariate analyses. The proportional
odds model was tested as an alternative to Cox model because of its insufficient proportional hazards assump-
tion. Results: According to log-rank test, T, N, G, tumor stage, and c-erbB2 were associated with DFS. T, N, G, and
c-erbB2 were significantly related to DFS by log-normal regression model. PTG20210A, MTHFRC677T and FVL poly-
morphisms were not related to DFS in breast cancer (P>0.05). Conclusion: Our study suggests that thrombophilic
polymorphisms are not associated with DFS when the proportional odds model is applied.

Keywords: Breast cancer, factor V Leiden, prothrombin G20210A, MTHFR, polymorphism, survival, proportional
odds model

Introduction Another prothrombotic gain-of-function muta-

tion has been identified in the 3’ untranslated
Cancer and its treatment can induce hyperco- region of the prothrombin (PT) gene (the substi-
agulability due to many factors including activa- tution of A for G at position 20 210). The mutant
tion of clotting system, expression of haemo- allele is present in 2% of the general population
static proteins on tumor cells, alteration of and increases the risk of VTE by three- to five-
endothelial surface, and impaired fibrin polym- fold [2]. The methylenetetrahydrofolate reduc-
erization. The genetic polymorphisms of throm- tase (MTHFR) enzyme, which is encoded by the

MTHFR gene, is one of the factors of the coagu-
lation system. A C-T polymorphism at nucleo-
tide 677 in the MTHFR gene leads to increased
levels of homocysteine, which is a risk factor for
thrombosis [3]. A few previous reports investi-
gated the relationship between the cancer
development and thrombophilic polymorphisms
were found no association between the poly-
morphisms and the various types of cancer

bophilic factors in cancer patients have been
investigated during the last few years. Several
genetic risk factors related to the haemostatic
system are known to influence the thrombosis
risk. Inherited resistance to activated protein C
is a prothrombotic condition resulting from a
gain-of-function mutation of coagulation factor
V, commonly referred to as FV Leiden (FVL) [1].

This mutation is the most common. inherited [4-8]. Contrary to this perception, some previ-
risk factor for venous thromboembolism (VTE), ous reports addressed increased the relation-
with a prevalence of 5% in Caucasian popula- ship between thrombophilic polymorphisms

tion and 20-50% among patients with VTE. and cancer [9].



Thrombophilic polymorphisms in breast cancer

In medical science, in investigating the survival
data of epidemic diseases or chronic diseases
and determining the factors which affects
these diseases, proportional hazards (Cox
regression) model which is proposed by D.R.
Cox (1972) is the most commonly used regres-
sion model. The simple interpretation of the
regression parameter of the model in terms of
the relative risks makes the model more useful.
The aim of this model is exploring the relation-
ship between the survival time and the subject
specific characteristics. For instance, in cancer
research, the researchers might wish to investi-
gate the relationship between the survival time
and various variables, such as age, tumor size,
stage, treatment’s type [10, 11].

Let T be a random variable representing failure
time and S (t) be the survivor function,

s(t)=P(T>1) (d)

the model can be written as,
MYp) =20 (1)e? 117202442000 — 30 (1)e?P (2)

Where z is px1 vector of covariates and 3 is px1
vector of regression coefficients. The baseline
hazard function, 2,(t) in the model can take
any shape as a function of t [12].

The main assumption of the Cox regression
model is proportional hazards. That means that
the hazard ratio is constant over time or that
the hazard for an individual is proportional to
the hazard for any other individual [11].
However, this assumption is inappropriate in
some situations, in particular when the hazard
rates of different individuals converge to the
population mortality rate [10]. In that case, dif-
ferent models should be used to deal with non-
proportionality of hazards.

When the proportional hazards assumption is
not satisfied, the proportional odds model
might be a useful alternative to the proportion-
al hazards model. The proportional odds model
is suggested in order to modeling of ordinal
data. However, Bennett [13] has extended the
model to the modeling of continuous survival
data. Besides the proportional odds model, the
accelerated failure time models (exponential,
weibull, log-logistic, log-normal regression mod-
els) or extended Cox regression model can be
used instead of Cox. When one is willing to
assume a parametric form for the distribution
of survival time, the survival data can be ana-
lyzed with accelerated failure time [14]. In
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extended Cox regression model, the Cox regres-
sion model is extending to a model which con-
tains time-dependent covariates and the prod-
uct of these covariates with a function of time
[11].

We previously demonstrated that FVL and PT
G20210A polymorphisms were not associated
with disease-free survival (DFS) in breast can-
cer when Cox regression model was applied
[15]. In the present study we have focused on
the effects of FVL, PT G20210A, and MTHFR
C677T on the DFS in breast cancer with a
greater number of patients according to the
proportional odds model.

Materials & methods

A total of 197 women with primary breast can-
cer who underwent surgical intervention were
appropriate for the present study. Ethical com-
mittee approval was previously obtained for the
molecular researches on thrombosis (FVL, PT
G20210A, and MTHFR C677T polymorphisms).
Informed consent was taken from all patients
for the analysis of molecular correlate. The old
extracted genomic DNA from peripheral blood
was used for the study. FVL, MTHFR C677T and
PT G20210A polymorphisms were determined
using commercially available LightCycler kits
(Roche Diagnostic, Roche Molecular Bio-
chemicals, Mannheim, Germany) [16].

Data regarding patient’s age, menopause sta-
tus, tumor size, lymph node status, tumor
stage, tumor grade, estrogen receptor (ER), pro-
gesterone receptor (PR), c-erbB2 expression,
FVL, PT G20210A and MTHFR C677T polymor-
phisms, recurrence ratio were examined by chi-
square test, Kaplan-Meier method, log-rank
test and multivariate analyses (Cox regression
model and the alternative models which are the
proportional odds model, the accelerated fail-
ure time models and extended Cox regression
model). All the variables were listed in Table 1.

The chi-square test was applied to examine the
association between the defined variables and
recurrence of breast cancer. The Kaplan Meier
method was applied to examine the influence
of individual variables on DFS. The significance
of the observed difference between groups
was calculated by the log-rank test. The propor-
tional hazards assumption of the Cox regres-
sion model violated for some variables. In that
case, using Cox regression model for the data
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Table 1. Variables and categories in 197 patients with breast can-

square test results, there was

cer no statistically significant dif-
ference between the catego-
Variable Categories Frequencies (%) R';'ff::::gg 2;0) ries of age, menopausal Sf::,a_
Age <40 43 (21.8) 12 (27.9) tus, PR expression, FVL, PT
0 wsaen mass B T e of
Menopause Pre 101 (51.3) 9 (18.8) recurrence  (P>0.05). How-
Post 96 (48.7) 2(22.9) ever, there was a statistically
Tumor Size (T) T 60 (30.5) 1@.7) significant difference between
T2 113 (57.4) 6(23.0) the categories of tumor size,
T3 24 (12.1) 2(58.3) lymph node metastasis, ER
Lymph Node Metastasis ~ Absent 92 (46.7) 8( 7) expression, c-erbB2 expres-
Present 105 (53.3) 33(31.4) sion, tumor stage and tumor
Tumor stage Stage 1 6(23.4) 1(2.2) grade in terms of recurrence
Stage 2a 59 (29.9) 8 (13.6) (P<0.05). Table 2 showed the
Stage 2b 1(20.8) 8 (19.5) results of Kgplan-Meier meth-
Stage 3 51 (25.9) 24 (47.1) od. Angly5|s revealed that
Tumor grade Grade x 0 (20.3) 3(32.5) tumor size, lymph node sta-
tus, tumor stage, tumor grade,
Gradel 8 (24.4) 2(4.2) .
c-erbB2 expression were pro-
Grade2 54 (27.4) 0(18.5) gnostic indicators for DFS
Grade3 5(27.9) (29 1) (P<0.05). There was no statis-
ER Negative 4(27.7) 7(31.5) tically significant difference
Positive 141 (72.3) 24 (17.0) with regard to age, meno-
PR Negative 78 (40.8) 21 (26.9) pausal status, ER and PR
Positive 113 (59.2) 18 (15.9) expression, FVL, PT G20210A,
C-erbB2 Negative 148 (79.1) 18 (12.2) and MTHFR C677T polymor-
Positive 39 (20.9) 18 (46.2) phisms (P>0.05).
FVL mutation no 179 (90.9) 38(21.2) FVL polymorphism was de-
yes 18(9.1) 3(16.7) tected in 18 breast cancer
PT G201210A no 186 (94.4) 40 (21.5) patients and the recurrent
yes 11 (5.6) 1(9.1) disease was developed in 3 of
MTHFR cc 94 (47.7) 23 (24.5) them. FVL polymorphism was
CT 86 (43.7) 15 (17.4) not related to DFS in breast
T 17 (8.6) 3(17.6) cancer (P=0.560). PT

set was not proper. Thus, besides Cox regres-
sion model, the alternative models were also
applied to the data. In order to determine the
most proper model, Akaike Information Criteria
(AIC) was used. The smallest AIC gave the fit-
test model for the data set. The combined and
independent effects of the factors on DFS were
examined using the AIC long-normal regression
model. The statistical analyses were performed
using IBM SPSS Statistics V21.0 and R for
Windows 2.15.0. For all test, a p value of less
than 0.05 was considered to be significant.

Results

Recurrent disease occurred in 41 patients
(21.0%) among 197 patients. From the chi-
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G20210A polymorphism was

detected in 11 patients and
the recurrent disease was developed only in
one patient. PT G20210A polymorphism was
not related to DFS in breast cancer (P=0.444).
It was also found that MTHFR C677T polymor-
phism was not related to DFS in breast cancer
(P=0.670).

In addition to the Cox regression model, we
applied the alternative models and the results
of the models were given in Table 3. The results
of AIC in our study demonstrated that the log-
normal regression model was found as the best
model. The results of the log-normal regression
model were listed in Table 4. In order to find the
fittest model that contains the factors which
influence the time of recurrence, the log-normal
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Table 2. Kaplan-Meier survival probability estimates and log-rank

test results

with T3 tumor had 2.5 times
shorter faced by patients with
T4 tumor. The average surviv-

Year (%) al time of the patients with
Variable Categories 3 5 p-value stage 2b had 2.6 times short-
Age <40 730 73.0 0.129 er and patients with stage 3
>40 87.7 808 had 3.4 times shorter com-
Menopause Pre 84.0 823 0.601 pared with stage 1 patients.
Post 85.0 76.0 The average survival time of
0.000* the patients with c-erbB2
Tumor Size (T) T1 100 976 12 0.000* expression had 2.9 times
T2 86.1 778 1-3  0.000* shorter compared with the
T3 66.7 66.7 23 0.000* patients without this ex-
Lymph Node Metastasis Absent 97.6  96.0 0.000% pression.
Present 729 630 As seen in Table 6, tumor size,
0.000* tumor grade, lymph node me-
Tumor Stage Stage 1 100 971 1-2a 0.056 tastasis and c-erbB2 expres-
Stage2a 940 940 1-2b 0.005* sion were found to be signifi-
Stage2b  95.0 772 13 0.000* cant prognostic factor for DFS
Stage 3 48.1 428 2a-2b 0.225* when log-normal regression
2a-3  0.000* model, stepwise selection
2p-3  0.000* method was applied.
0.001~* . .
Discussion
Tumor grade Grade x 67.2 67.2 x-1  0.000*
Gradel 100 973  x2 0174 Cancer and its treatment can
Grade2 85.6 81.5 x-3 0.989 induce a hypercoagu|ab|e
Grade 3 82.2 66.0 1-2  0.005* state. On the other hand,
1-3 0.000* coagulation and fibrinolysis
2-3 0.108 can play a significant role in
ER Negative ~ 80.7 712 0.078 tumor growth, invasion, dis-
Positive 861 82.3 semination and metastasis
PR Negatve  84.0 772 0.119 [4-9, 15]. Recently, little con-
Positive 862 812 clusive information is av§|l-
C-erbB2 Negative 929 89.0 0.000* ab'Ie e'md. controversy main-
N tains in literature about the
Positive 566 377 association of cancer hyper-
FVL mutation no 844 788 0.560 coagulability and inherited
yes 8rr 817 thrombophilia. In this context,
PT G201210A No 84.6 78.8 0.444 the relation of the MTHFR
yes 85.7 85.7 C677T polymorphism with
MTHFR cC 84.0 76.4 0.670 some types of cancer includ-
CT 848 81.0 ing thyroid carcinoma [17],
T 882 8872 bladder cancer [18] and
*P<0=0.05. colorectal cancer [19] has

been investigated and MTHFR
677TT genotype has been

regression model was applied to the data set
using forward and stepwise selection methods.
These results were given in Tables 5 and 6,
respectively.

According to the forward selection model (Table
5), the average survival time of the patients
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found to be associated with tumor develop-
ment. However, Kang et al [20] observed no
significant difference in the distribution of this
polymorphism between colorectal cancer
patients and healthy individuals. Jakubowska
and coworkers [21] have also reported that
there was no relationship between MTHFR
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Table 3. The comparison of the alternative
models in addition to the cox regression
model

Model Log (L) Numberof .
parameter

Cox -126.99 19 310.98

Proportional odds -124.387 19 305.77

Extended Cox (t) -116.75 38 347.50

Extended Cox (Int) -118.01 38 350.02
AFT Models

Exponential -81.22 19 202.44
Weibull -74.29 19 190.58
Log-normal -73.26 19 188.52
Log-logistic -73.84 19 189.68

Table 4. The results of log-normal regression
model

N Standard

Variables B Error<(p ) p-value
Age >40 0.673 0.351 0.055
Menopause_Post -0.465 0.299 0.121
Tumor Size_T2 -5.736  268.294 0.983

Tumor Size_T3 -6.682 268.294 0.980
Lymph Node_Present -1.742 1.029 0.073

Stage2a 4,846 162.738 0.986
Stage2b 6.181 162.746 0.982
Stage3 5.593 162.746  0.983
Grade 1 0.488 0.514 0.310
Grade 2 -0.246 0.372 0.480
Grade 3 -0.424  0.342 0.186
ER_Positive 0.441 0.373 0.204
PR_Positive 0.712 0.361 0.832
C-erbB2_Positive -0.724 0.261 0.003*
FVL_yes 0.665 0.471 0.138
PT G201210A_yes -0.198 0.617 0.739
MTHFR_CT 0.403 0.247 0.081
MTHFR_TT -0.055  0.520 0.912
*P<a=0.05.

C677T polymorphism and breast cancer
development.

FVL and/or PTG20210A polymorphisms are
also responsible for hypercoagulation. Paspatis
et al addressed that the prevalence of both FVL
and PT G20210A in patients with colorectal
cancer was found to be similar to that of 192
colonoscopically selected control subjects [4].
On the contrary, Pihusch et al reported that the
prevalence of PT G20210A polymorphism was
significantly increased in patients with gastro-
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Table 5. The results of log-normal regression
model using forward selection method

Variable 3 Standard p-value
Error (3 )
Tumor Size_T3 -0.938 0.345 0.0076*
Stage_2b -0.708 0.303 0.02*
Stage_3 -1.214 0.311 0.00*
Grade 1 1.048 0.406 0.01*
C-erbB2_Positive -0.822 0.255 0.001*
Constant 5.685 0.279 0.000*
*P<0=0.05.

Table 6. The results of log-normal regression
model using stepwise selection method

. ~ Standard
Variable B Error (B )

Tumor Size_T2 -1.025 0.499 0.04%*
Tumor Size_T3 -2.266 0.578 0.000*
Grade 1 0.959 0.424 0.022*
Lymph Node_Present -0.725 0.278 0.009*
C-erbB2_Positive -0.882 0.248 0.000*
Constant 6.545 0.550 0.000*
*P<a=0.05.

intestinal carcinoma as compared to normal
subjects [9]. Miller et al demonstrated an
increased incidence of neoplasia of the diges-
tive tract in men with persistent activation of
the coagulation pathway [22]. Some studies
also evaluated the role of FVL and PT G20210A
polymorphisms on tumor development in some
types of malignant tumors including oral, gas-
tric, and gynecological cancers [6-8].

There is no sufficient conclusive information
about the cause of breast cancer, although dif-
ferent genetic and environmental factors play
role in its development. Moreover, the role of
thrombophilia polymorphisms on the risk of
breast cancer has not been deeply investigated
yet. We have previously reported that there was
no significant relationship between FVL and PT
G20210A polymorphisms and the recurrence-
free survival in breast cancer patients [15] by
using Cox regression model. In the present
study we have showed that the thrombophilic
polymorphisms are not associated with DFS
when alternative models are applied in addition
to Cox regression model.

In summary, alternative models in survival
analysis should be applied in addition to Cox

Int J Clin Exp Med 2015;8(5):8115-8121
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regression model. Our recent data have sug-
gested that the prevalence of FVL, MTHFR or
PT G20210A polymorphisms are not signifi-
cantly correlated with DFS in breast cancer
patients based on log-normal regression
model.
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