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Abstract

Purpose The purpose of this study was to measure the
frequency of three CYP2B6 [CYP2B6%4 (rs2279343),
CYP2B6*5 (rs3211371) and CYP2B6*9 (rs3745274)]
alleles in patients with breast cancer receiving cyclophos-
phamide (CP) therapy and test whether these variants are
predictors of CP-associated toxicity and efficacy.

Methods A total of 145 female breast cancer patients
admitted to the American University of Beirut Medical
Center for breast cancer-related therapy were included.
Chart review was performed for collection of toxicity data.
A time-to-event analysis was performed with a subset of 38
patients.

Results The minor allele frequencies of CYP2B6%*9,
CYP2B6%4 and CYP2B6*5 were 0.27, 0.29 and 0.07,
respectively. CYP2B6 *5/%6, *6/*9 or *6/%6 haplo-
types were associated with a significantly shorter time to
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recurrence of the disease. There were no significant asso-
ciations with myelo-toxicity.

Conclusions This is the first report on the pharmacoge-
netic profile of patients with breast cancer and the thera-
peutic and myelo-toxic behavior of CP in women from an
Arab Middle Eastern country. Our results show that geno-
typing for these CYP2B6 alleles does not help in personal-
izing therapy from a toxicity perspective, and the associa-
tion of shorter survival in these subjects with homozygous
variants is interesting yet insufficient to justify routine gen-
otyping prior to therapy, or to consider using a higher CP
dose. Larger future studies or meta-analyses will be needed
to further clarify the potential implication of these genetic
polymorphisms.
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Introduction

Cyclophosphamide (CP)-containing combination chemo-
therapy regimens are commonly used in the treatment of
breast cancer [1]. CP is an alkylating agent that belongs
to the class of nitrogen mustards. Its metabolism involves
different pathways of activation, deactivation and toxicity.
CP is a prodrug that is firstly hydroxylated by cytochrome
P450 (CYP) isoenzymes to 4-hydroxycyclophosphamide
(4-OHCP). An alternative minor pathway involves oxi-
dation of CP to dechloroethyl-CP, a neurotoxin product.
4-OHCP readily converts in equilibrium to a cyclic tau-
tomer aldophosphamide. These two metabolites, but mainly
aldophosphamide, undergo further non-enzymatic intra-
cellular transformation and form phosphoramide mustard
(PM) and acrolein. PM is responsible for DNA cross-link-
ing and ultimately the therapeutic effect, whereas acrolein
is a toxic product associated with hemorrhagic cystitis.
Deactivation of these compounds involves aldehyde dehy-
drogenase and glutathione S-transferases [2].

CP initial bioactivation and subsequent deactivation are
mediated by a multitude of the cytochrome P450 isoforms
with CYP2AG6, 2B6, 2C18, 2C19, 2C8, 2C9, 3A4 and 3AS,
being implicated to varying degrees in this enzymatic pro-
cess [2, 3]. Up to 70-80 % of the CP dose is activated to
4-OHCP in the liver, with the highest contribution from
CYP2B6 [4]. The CYP2B6 isoform generally contrib-
utes 2-10 % of hepatic CYP content with a 20- to 250-
fold inter-individual variation in expression and activity
[5]. CYP2B6 is highly polymorphic with several common
genetic variants found to alter different drug levels in phar-
macokinetic studies, with some studies showing potential
clinical significance [2].

CP dosing is based on the chemotherapy protocol and
the patient’s body surface area. Other variables such as age,
genetic factors and comorbid conditions are usually not
taken into consideration when dosing CP. Inter-individual
variabilities in CP toxicity and efficacy profiles are deter-
mined by an array of genetic and environmental factors,
with variations in genetic polymorphisms involved in CP
drug-metabolizing enzymes (DME) representing important
determinants of this disparity. Interestingly, any increase in
CP activation in the body, measured by increased CP drug
clearance, has been found to be associated with increased
toxicity, but also better response in both breast cancer [6—
8] and hematological malignancies [9, 10]. Investigators
have only recently started examining the role of genetic
polymorphisms in the multitude of relevant DMEs, includ-
ing CYP2B6, in CP therapy. Nevertheless, the data are
sparse and inconsistent [6, 11-14] and sparse to non-exist-
ent in case of the Arab Middle Eastern populations.

The aims of this study were to measure the frequency of
three CYP2B6 genetic polymorphisms in Lebanese women
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with breast cancer receiving CP therapy and, subsequently,
to ascertain if and how carriage of CYP2B6 variants is asso-
ciated with CP toxicity and efficacy.

Methods
Patient population

This is a retrospective cohort study that was reviewed and
approved by the American University of Beirut Institutional
Review Board. A total of 145 women with breast cancer
who did not have distant metastasis at diagnosis, and who
received all cycles of chemotherapy at the American Uni-
versity of Beirut Medical Center (AUBMC) between May
2009 and May 2011, gave written informed consent for
inclusion in the study.

Data collection

In- and out-patient chart review was performed to collect base-
line demographics and details on the breast cancer patients
upon initial diagnosis. Data such as type of chemotherapy regi-
men and number of cycles were recorded. For each cycle, drug
doses, white blood cell (WBC) count, neutrophils and platelet
counts (plts) as well as hemoglobin (Hb) concentrations were
collected. These were also collected 7—14 days after the first
chemotherapy cycle, 21 days after the previous chemotherapy
cycle and for the first day of febrile neutropenia if applicable.
Data on treatment with granulocyte colony stimulating factor
(GCSF), erythropoietin, iron or packed red blood cells transfu-
sion were also collected. Data on toxicities such as allergy, GI
symptoms and others were not reliably available in the medi-
cal charts and were hence not further analyzed.

Genotyping

Two milliliters of whole blood was collected. DNA was
isolated using a DNA isolation kit from Qiagen (Ger-
mantown, MD, USA) according to the manufacturer’s
guidelines and stored at —20 °C until analysis. Three
CYP2B6 single nucleotide polymorphisms (SNPs) were
screened using LightSnip® kits (TibMolbiol, Berlin,
Germany) on the LightCycler® real-time PCR platform
(Hoffmann-La Roche, Basel, Switzerland). These were
as follows: 785A>G (rs2279343, present in CYP2B6%*4),
1459C>T (rs3211371, present in CYP2B6*5) and 516G>T
(rs3745274, present in CYP2B6*9). They were chosen
because they occur in exons, are non-synonymous and have
been previously evaluated with CP therapy, though with
inconclusive evidence [11, 13, 14]. Patients carrying both
CYP2B6 785A>G and 516G>T variant alleles were consid-
ered as CYP2B6*6 haplotype carriers [2].
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Data analysis

Analyses were performed using SPSS, version 19.0 (IBM,
USA), and SigmaPlot 11.0 (Systat Software Inc., San Jose,
CA), and a two-sided P value of less than or equal to 0.05
was considered statistically significant.

Means (£SD) and medians with minimum and maxi-
mum were reported for continuous variables and compared
with independent ¢ test, ANOVA or Mann—Whitney U test
as appropriate. For categorical variables, counts and per-
centages were compared by the Chi-square test or Fish-
er’s exact test as applicable. Baseline demographics were
compared among the 4 different chemotherapy cycles and
among the different genotypes (data not shown). Haplotype
frequencies were calculated and assessed for Hardy—Wein-
berg equilibrium (HWE). Linkage disequilibrium (LD) was
measured using correlation analysis. The following three
CYP2B6 haplotype combinations were compared: wild
type = *1/*1; heterozygous variant allele carriers = Het.
mut. (¥1/%9 + *1/*5 4 *1/*¥4 4 *1/*%6); and homozygous
variant alleles = Hom. mut. (*5/*6 + *6/*9 + *6/*6) [10,
13].

Toxicity

Forty-five patients received 3 to 4 cycles of CP combined
with fluorouracil, doxorubicin or epirubicin followed by 3
to 4 cycles of docetaxel alone or docetaxel combined with
trastuzumab; these docetaxel cycles were excluded from
toxicity analysis as docetaxel is significantly myelosup-
pressive and its effect will interfere with the interpretation
of toxicity data. The association of the variants and haplo-
types with toxicities, such as incidence of febrile neutrope-
nia, CP dose reduction, need for GCSF, need for packed red
blood cells transfusion, erythropoietin or iron supplementa-
tion, were analyzed. The lowest hematological parameters,
excluding values measured at 7-14 days after cycle 1 of
chemotherapy or within a febrile neutropenia event, were
coded based on version 4 of the National Cancer Institute
(NCI) toxicity grading criteria [15] and analyzed in asso-
ciation with the CYP2B6 haplotypes. A similar analysis
was also performed with the lowest hematological param-
eters collected 7—-14 days after the first chemotherapy cycle
that included CP. Finally, the association of the interrogated
variants and haplotypes with the percent change in hemato-
logical parameters 7—-14 days after the first chemotherapy
cycle was analyzed.

The mean values £+ SD of the measured hematological
parameters during each chemotherapy cycle and 21 days
after the last cycle (if available) were plotted. For the first
3 and 4 cycles, a linear mixed effect modeling approach
to account for possible correlations between cycle (or
time) trends and between haplotypes was performed. The

CYP2B6 haplotypes, the cycle (time—effect), the haplo-
type—cycle interaction and covariates were all entered
into the models as fixed effects. In all mixed models, we
adopted unstructured within-subject covariance matrix
(i.e., variances/covariances were allowed to vary at each
cycle), and the restricted maximum likelihood estimation
algorithm was used. Knowing that the additional non-CP
drugs contribute to myelo-toxicity, data were analyzed after
adjusting for treatment regimen. Data were also adjusted
for age. CP doses were not included in the analysis as they
were kept the same, as per protocol, unless patient devel-
ops severe neutropenia or febrile neutropenia after which
GCSF is started. Hematological parameters that were col-
lected at these points and forward were excluded, mean-
ing that analysis only included cycles before initiation of
GCSEF, packed red blood cells transfusion, and erythropoi-
etin or iron supplementation when applicable.

Time-to-event analysis

Thirty-eight patients were recruited at the time when they
were receiving chemotherapy for disease recurrence. Data
were collected and analyzed from the time when they were
first diagnosed and first treated for breast cancer. All 38
patients were initially treated with CP combination chemo-
therapy. We determined the role of CYP2B6 haplotypes on
the time-to-event which is defined as the interval from date
of CP treatment initiation till the time when recurrence took
place. Time-to-event Kaplan—Meier curves were compared
using Gehan—Breslow and log-rank tests. Unadjusted and
adjusted risk ratios (RR) & 95 % confidence intervals for
each of the different haplotypes were estimated separately
and concurrently using the Cox proportional hazard model
approach accounting for age, initial chemotherapy regimen
and stage of disease.

Results

There were no significant differences among the baseline
demographics of the different treatment regimens except
for whether the chemotherapy was neoadjuvant or adjuvant
(Supplementary Table 1). A higher than expected number
of patients were Her2 positive (34 %) which is representa-
tive of patients who are more likely to receive chemother-
apy (Table 1).

The minor allele frequencies of 516G>T, 785A>G and
1459C>T were 0.27, 0.29 and 0.07, respectively. These
numbers and the CYP2B6 haplotype combination frequen-
cies are fairly similar to previously reported frequencies in
Caucasians [16] (Table 2). All variants were in HWE and,
as expected, 516G>T and 785A>G were in LD (R2 =0.92;
P < 0.001). No statistically significant differences were
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Table 1 Baseline demographics of included patients

Demographics All (N = 145) Recurrent cases
(N =38)
Age at diagnosis (years) 494+ 113 49.0 + 10.6
(mean * SD)
BMI (kg/m?)
Mean £+ SD 273+£49 27.5+49

Median (min—-max) 26.4(19.2-43.12)  26.5 (20.8-38.4)

Type of breast cancer

Infiltrating ductal carci- 132 (93.0) 34 (92)
noma
Infiltrating lobar 10 (7.0) 3(8)
carcinoma

Stage

I 14 (9.9) 5(13.5)

1T 84 (59.1) 19 (51.4)

I 44 (31.0) 13 (35.1)
Grade

1 19 (13.1) 4(11.8)

2 45 (31.0) 13 (38.2)

3 68 (46.9) 17 (50)
Estrogen receptor positive 106 (73.1) 26 (68.4)
Progestin receptor positive 89 (61.4) 20 (52.6)
Her2 overexpression 48 (34.3) 12 (35.3)
Type of chemotherapy

Neoadjuvant 44 (30.6) 9(24.3)

Adjuvant 100 (69.4) 28 (75.7)
Chemotherapy regimen

EC/AC 61 (42.0) 15 (39.5)

CEF/CAF* 58 (40.0) 3(7.9)

TAC/TC 17 (11.7) 14 (36.8)

CMF/CF 9 (6.3) 6 (15.8)

N (%) percentages may not add up to 100 because of missing data

F fluorouracil, E epirubicin, C cyclophosphamide, A doxorubicin
(adriamycin), T docetaxel (taxotere), M methotrexate

* Forty-five patients received three or four 21-day cycles of CEF or
CAF followed by three or four 21-day cycles of docetaxel with or
without trastuzumab

found when comparing the baseline demographics among
the 3 CYP2B6 haplotype combinations (data not shown).

Toxicity

There were no significant associations of the interrogated
haplotypes with hematological toxicity grades, and this was
the case even after assessing for the incidence of grade 3
and above toxicity. Furthermore, there were no signifi-
cant associations between CYP2B6 haplotypes with per-
cent change in the WBC count, neutrophil count, absolute
neutrophil count (ANC), Hb and Plts 7-14 days after the
first cycle of chemotherapy. There were also no significant
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associations with incidence of febrile neutropenia, CP dose
reduction, need for GCSF, need for packed red blood cells
transfusion, erythropoietin or iron supplementation (data
not shown). Similarly, no significant results were revealed
when assessing for the effect of variants on the change in
the different hematological variables across the first three
and four chemotherapy cycles (Fig. 1 and supplementary
Table 2). No subject had hemorrhagic cystitis as the dose
of CP (500-600 mg/m?) is not high enough to cause this
complication in a significant number of patients. Periph-
eral neuropathy occurred, but its prevalence could not be
assessed due to the limitations of retrospective chart review.

Time-to-event analysis

As shown in Fig. 2, time-to-event was significantly shorter
in homozygous mutant CYP2B6 haplotypes, indicating
poorer response to therapy. These results remained sig-
nificant after performing a Cox regression and adjusting
for prognostic factors such as age (data not shown). Note
that these results are based on a small sample of 3 subjects
only. One was 40 years old at diagnosis with Her2 over-
expression and negative estrogen receptors, one was diag-
nosed at 49 years and had positive estrogen receptors with
Her?2 overexpression, and the third one was 45 years old at
diagnosis and had triple negative disease. All 3 patients had
grade 3 infiltrating ductal carcinoma.

Discussion

Our results showed that in breast cancer patients, although
CYP2B6 variant haplotypes were not significantly associ-
ated with toxicity, they were associated with a shorter time
to tumor recurrence among patients with relapsed disease.
The data are particularly interesting given the paucity of
pharmacogenetic studies on Middle Eastern or Arab pop-
ulations [17, 18]. Nevertheless, results were based on a
small and heterogeneous cohort of breast cancer subjects,
and the positive time-to-event analysis was driven by only
3 patients who were homozygous mutant for the CYP2B6
haplotype. Therefore, our data do not suggest a change
from current practice based on CYP2B6 genotyping and
should be considered as preliminary.

Pharmacokinetic studies have elucidated major inter-
individual variability in CP activation. CYP2B6 is known
to have the greatest influence on CP metabolism with other
studies reporting a significant contribution from CYP2C9
and CYP2CI19 variants [19-22]. We have selected three
exonic SNPs that were previously shown to be associated
with a change in enzyme activity and CP drug clearance
and hence have a potential effect on drug toxicity and dis-
ease prognosis [7, 8].
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Table 2 Genotype frequencies of the explored genetic polymorphisms (N = 145)
Gene rs number Nucleotide change Wild type Heterozygous Mutant type
CYP2B6 variants 12279343 785A>G 73 (50.3) 60 (41.4) 12 (8.3)
rs3211371 1459C>T 125 (86.2) 20 (13.8) 0(0.0)
rs3745274 516G>T 76 (52.4) 59 (40.7) 10 (6.9)
Gene Genotype Number (%)
CYP2B6 haplotype combinations* *1/%1 57 (39.3)
*1/%9 2(1.4)
*1/%5 14 (9.6)
*1/%4 5@3.4)
*1/%6 49 (33.8)
*5/%6 6 (4.1)
*6/*9 2(1.9)
*6/*6 10 (6.9)
Values are in N (%)
Variant allele carrier = Het Mut = *1/*9 + *1/*5 + *1/*%4 + *1/%6
Homozygous variant alleles = Hom Mut = *5/*6 + *6/*9 + *6/*6
* Haplotype analysis was done as such: Wild type = *1/*1
CYP2B6 Haplotype
10 o
=3
R
=]
]
8+ hom. mut.
o wild hom. mut.
S *
wild 3
o (&)
@ | p3=0.09 <Z,; §_p3=o.08
= p4a =0.15 ¥ | pg=017
8l
3
#Pts: #Pts:
4 "hom. mut: 17 16 16 10 g [hom. mut: 17 15 16 10
gr
wild: 50 48 48 36 wild: 50 48 48 35
1 1 1 1 1 1 1 1
1 2 3 4 1 2 3 4
Chemotherapy Cycle Chemotherapy Cycle

Fig. 1 The association of CYP2B6 haplotype combinations* with
white blood cell (WBC) count and the drop in absolute neutrophil
count (ANC) mean values £ SD during the first four chemotherapy
cycles that included cyclophosphamide. Analysis included cycles
before initiation of granulocyte colony stimulating factor (GCSF),
packed red blood cells transfusion, erythropoietin or iron supplemen-
tation when applicable. P values were generated using a linear mixed
model after adjustment for age, chemotherapy regimen and disease
stage. P3 = data of the first 3 cycles were included. P4 = data of the

The effect of CYP2B6*%4 and CYP2B6*9, the combina-
tion of which defines the CYP2B6%6 haplotype on enzyme
activity, is controversial. Early in vitro studies have shown

first 4 cycles were included. *P < 0.05 using Student’s ¢ test, ANOVA
or Mann—Whitney U test when applicable. Note the marked decrease
in sample size when assessing for the first 4 cycles compared to the
first 3 cycles of chemotherapy. Note also that the number of initial
end points do not add up to 145 due to incomplete data. *The fol-
lowing three CYP2B6 haplotype combinations were compared: wild
type = *1/*1; heterozygous variant allele carriers = Het. mut. (¥1/*%9
+ *1/*5 4 *1/*4 4 *1/*6); and homozygous variant alleles = Hom.
mut. (¥5/%6 + *6/*9 + *6/%6)

an increase in enzyme activity [23, 24], and these were
confirmed by in vivo studies such as Nakajima et al. [10]
and Xie et al. [9] who showed increased CP clearance with
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CYP2B6 Haplotype
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Hom. mut. (N=3)
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Survival (Fraction)

0.2 -
p=0.005 (Log Rank Test)

0.0 I I I I ‘ )
0 5 10 15 20 25

Time to relapse (years)

Cox Regression Analysis
Unadjusted Adjusted*
Genotype " " " "
Risk Ratio (95% Cl) p-value] Risk Ratio (95% Cl) p-value
Haplotype (Het. mut.) 1.38(0.67-2.84)  0.38 2.83(0.8-10.0) 0.11
Haplotype (Hom. mut.) 6.87 (1.86-25.4)  0.004 | 6.5(1.02-41.2) 0.048

* Adjusted for Age, stage of disease, type of Chemo regimens, Tamoxifen treatment,
ER, and Her2 overexpression status

Fig. 2 Survival plot illustrating the impact of CYP2B6 haplotype
combinations* on time-to-event. Gehan—Breslow test was used for
the analysis without adjustment and log-rank test was used for the
analysis with adjustment for age, disease stage, and chemotherapy
regimen and tamoxifen therapy. The Cox regression patterns are
shown at the mean values of all covariates used in the risk adjust-
ment. *The following three CYP2B6 haplotype combinations were
compared: wild type = *1/*1; heterozygous variant allele carri-
ers = Het. mut. (¥*1/*¥9 4 *1/*5 4 *1/*4 4 *1/%6); and homozygous
variant alleles = Hom. mut. (*5/%6 4 *6/*9 + *6/*6)

CYP2B6%6 and CYP2B6*9, respectively. These were, how-
ever, in contrast with at least 3 others that showed no asso-
ciation between CP clearance and these variants in patients
with breast cancer [4, 25, 26]. These results were consistent
with pharmacodynamic analyses whereby, for example, a
pharmacogenomic analysis of the SWOG 8897 trial showed
no association between CYP2B6*9 polymorphism and sur-
vival or hematological toxicity [14]. In addition a stepwise
case—control study conducted on 403 breast cancer patients
revealed that CYP2B6*4 and CYP2B6%*9 polymorphisms
were not significantly associated with hematological toxic-
ity [12]. These results were replicated in a relatively more
recent analysis of women included in the ECOG-2190/
INT-0121 trial whereby carriage of any of the 3 CYP2B6
alleles did not affect the duration of disease-free survival
[13]. To our knowledge, only Bray et al. [11] demonstrated
that CYP2B6*4 and *9 homozygous were associated with a
poorer outcome and overall survival, with CYP2B6*9 being
additionally associated with a lower incidence of toxicity
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depicted as a lower incidence of dose reduction in 230
breast cancer patients treated with a combination of doxo-
rubicin and CP. These findings support the hypothesis that
CYP2B6%*4 and CYP2B6*9 (and accordingly CYP2B6%6)
are probably associated with a decreased enzyme activity;
yet, they are considered preliminary since most of the sig-
nificant results were not retained after multivariate analysis.

As for CYP2B6*5, it was identified in 2001 by Lang
et al. [23], and it was found to result into a reduced
CYP2B6 protein expression and activity in a sample of
human livers; yet, conflicting data resulted from other
smaller sample studies [27, 28]. In addition, an in vivo
study in lupus nephritis showed that CYP2B6*5 is asso-
ciated with significantly lower CP activation and hence
less effective treatment [29]. This is in contrast to more
recent studies in cancer patients receiving combination
chemotherapy that included CP that showed no effect
of CYP2B6*5 on CP clearance or toxicity [4, 10, 26]. In
addition, 3 studies performed with breast cancer patients
showed no significant role of CYP2B6*5 on disease out-
come [8, 11, 13].

Although our results did not elucidate any significant
association between CYP2B6 haplotypes and toxicity, the
significant though limited survival analysis results suggest
that these polymorphisms are associated with decreased
enzyme activity and hence leading to less activation of CP
and poorer response.

Limitations

There are some noteworthy limitations to our study. First,
and due to difficult venous access and poor coopera-
tion of the participants, we were unable to collect serial
serum samples for pharmacokinetic analysis in order to
explore the influence of the investigated polymorphisms
on CP metabolism in our population. Second, our analysis
included a wide range of CP-containing chemotherapeu-
tic regimens used for the treatment of node-positive and
high-risk breast cancer. Yet we took this in consideration
by adjusting for type of chemotherapy in the analysis, and
cycles that included the highly myelosuppressive docetaxel
were excluded from analysis. In addition, our population is
probably more representative of real life when compared
to clinical trials such as ECOG trials. Finally, although the
hematological toxicities can also result from other non-CP
drugs such as anthracyclines and fluorouracil, CYP2B6 is
not known to be involved in the metabolism of either drug
classes and hence our results are most probably linked to
CP [2]. Third, the investigated CYP2B6 variants are impli-
cated in CP metabolism but other DMEs such as CYP2C9,
CYP3A4, CYP2C19, ALDH3A1 and GSTAs could also be
significantly involved in CP metabolism [26]; this is impor-
tant knowing that CYP2C9 and CYP2C19 polymorphisms
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are common in the Lebanese [30]. No information is yet
available on the frequency of CYP3A4, ALDH3AI and
GSTA polymorphisms. Fourth, our study was based on a
chart review; hence, we were unable to systematically col-
lect and analyze other toxicity data such as GI side effects,
and to carry out precise determination of effectiveness of
treatment as by repeated radiologic follow-up. We have
evaluated efficacy in a subgroup of our population through
assessing time-to-relapse; we plan to further prospectively
study DFS and OS in the second subgroup and hopefully
show congruence between toxicity and outcome results.

Conclusions

This report is the first pharmacogenetic evaluation of CP in
an Arab Middle Eastern population that adds to the small
but growing literature to determine whether there is a rela-
tionship among CYP2B6 allelic variants and clinical effi-
cacy and toxicity outcomes associated with CP therapy.
Our results show that CYP2B6 variant haplotypes were
not significantly associated with myelo-toxicity; hence,
genotyping for these alleles does not help in personaliz-
ing therapy from a toxicity perspective. The association of
shorter survival in these subjects with homozygous vari-
ants is interesting yet insufficient to justify routine geno-
typing prior to therapy, or to consider using a higher CP
dose. Larger future studies or meta-analyses will be needed
to further clarify the potential implication of these genetic
polymorphisms and before integrating this knowledge into
a customized and personalized approach to patient care.
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