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Abstract

Objective: Third-generation aromatase inhibitors (Al) are potent
suppressors of aromatase activity. The aim of this study was to
measure the incidence of adverse effects in breast cancer pa-
tients treated with Al-based adjuvant therapy and the relation-
ship with the CYP19A1 genotypes.

Materials and Methods: Forty-five postmenopausal breast can-
cer patients (46-85 yrs) in Al adjuvant treatment were genotyped
for the rs4646 polymorphisms of CYP19A1 gene and three varia-
tions were identified. Toxicities were registered at each follow-up
medical examination, and classified in accord with the Common
Terminology Criteria for Adverse Events.

Results: Twenty-four (53.3%) patients presented the GG geno-
type; 19 (42.2%) the GT, and 2 (4.4%) the TT. The Al treatment was
Anastrazole for 35 patients (77.8%) and Letrozole for the others
(n=10; 22.2%). Osteoporosis was significantly associated with
the GG genotype (p=0.001). Treatment discontinuation (TD) was
observed in 6 cases (13.3%). The only parameter able to predict
TD was the appearance of severe arthralgia/myalgia (Odds Ratio,
OR=23.75; p=0.009), when adjusted for age and Al treatment.

Conclusion: Our results suggest that CYP19A1 polymorphic vari-
ants may influence susceptibility to develop Al-related side ef-
fects. Further prospective studies are needed to confirm the role
of the aromatase gene (CYP19A1) polymorphisms in predicting
adverse effects to Al-based therapy.

Keywords: Adjuvant hormonal therapy, rs4646, aromatase inhib-
itor, breast cancer, CYP19A1, single nucleotide polymorphisms

Oz

Amag: Uciincii jenerasyon aromataz inhibitérleri (Al) aromataz
aktivitesinin potent supresérleridir. Bu calismanin amaci Al bazli
adjuvan terapi ile tedavi edilen meme kanserli hastalarda advers
etkilerin insidansini ve CYP19A1 genotipleri ile iliskisini belirle-
mekti.

Gereg ve Yontem: Ai adjuvan tedavisindeki 45 postmenopozal
meme kanserli hasta (46-85 yas) CYP19A1 geninin RS4646 po-
limorfizmleri icin genotiplendirildi ve li¢ varyasyon tanimlandi.
Toksisiteler her takipteki tibbi muayenede kaydedildi ve Advers
Olaylar icin Ortak Terminoloji Kriterleri ile uyumlu olarak siniflan-
dinildi.

Bulgular: Yirmi dort (%53,3) hasta GG, 19'u (%42,2) GT ve 2'si
(%4,4) TT genotipi gosterdi. Al tedavisi 35 hasta (%77,8) icin
Anastrozol ve digerleri (n=10; %22,2) icin Letrozol idi. Osteopo-
roz, GG genotipi ile anlaml olarak iliskiliydi (p=0,001). Tedaviye
devam etmeme (TD) 6 olguda (%13,3) goriildi. Yasa ve Al teda-
visine gore dizeltildiginde, TD'yi 6ngorebilecek tek paramet-
re siddetli artralji/miyalji olusumu idi (Odds Orani, OR=23,75;
p=0,009).

Sonug: Bulgularimiz CYP19A1 polimorfik varyantlarin Al ile iliski-
li yan etkiler gelistirme duyarliligini etkileyebilecegini duistindir-
mektedir. Al bazli terapilerin advers etkilerini 56ngérmede aroma-
taz gen (CYP19A1) polimorfizminin roliini dogrulamak icin ileri
prospektif calismalara ihtiyag vardir.

Anahtar Kelimeler: Adjuvan hormonal terapi, rs4646, aromataz
inhibitord, meme kanseri, CYP19A1, tek niikleotid polimorfizmleri

Received: January 23, 2015 / Accepted: February 19,2015 / Available online date: July 7, 2015
Correspondence to: Andrea Botticelli E-mail: andreabotticelli@hotmail.it

©Copyright 2016 by the Atattirk University School of Medicine - Available online at www.eurasianjmed.com
DOI:10.5152/eurasianjmed.2015.008




Eurasian J Med 2016; 48: 10-4

Mazzuca et al. Polymorphisms and Aromatase Inhibitor Toxicity 11

Introduction

Third-generation aromatase inhibitors (letrozole, anastro-
zole and exemestane) are potent suppressors of aromatase
activity and represent the standard care for adjuvant therapy
in postmenopausal patients with hormonal receptors-posi-
tive breast cancer [1, 2].

Aromatase is the enzyme that catalyses the peripheral
conversion of androstenedione and testosterone to oestrone
(E1) and estradiol (E2). In women with ovarian failure, this
process may represent the main source of oestrogen produc-
tion.

The inhibition of this pathway causes a profound oestro-
gen deficiency and low levels of oestrogen may affect many
organs, including the brain, the skeleton and the skin as well
as the cardiovascular and genitourinary systems [3].

Aromatase inhibitors’ adverse effects are similar to meno-
pause-related symptoms. They cause the interruption of
adjuvant treatment in 20-30% of the cases. Most relevant
effects are hot flashes, myalgia, arthralgia, vaginal dryness,
insomnia or other sleep problems, asthenia and loss of
bone density. Oestrogens have a regulatory effect on bone
metabolism by stimulating bone growth and inhibiting bone
resorption, so their depletion leads to bone loss that causes
a progressive osteopenic and/or osteoporotic status and a
higher risk of fractures [3].

The estrogenic synthesis suppression, induced by aro-
matase inhibitors, seems to be related to polymorphisms of
CYP19A1 gene that encodes the aromatase enzyme (cyto-
chrome P-450, family 19, subfamily A, polypeptide1; 15921.1)
[3].

Variability in the sex hormone levels, in serum and urine,
could be account by the CYP19A1 genetic polymorphisms;
Dunning et al. [4] reported that the TT genotype (rs4646) is
associated to a lower circulating oestrogen levels, compared
to GT and GG genotype. In postmenopausal women treated
with letrozole for metastatic breast cancer, time to progres-
sion (TTP) was significantly prolonged in those with the rare
T allele of rs4646 compared with homozygotes for the wild-
type variant (GG) [5]. The same variants (GT and TT) were
also associated with a poorer benefit from letrozole (shorter
progression-free survival) compared to GG, evaluated in a
neoadjuvant setting [6].

On the contrary, Colomer et al. [5] reported that patients
with the allele T (TT and GT) of rs4646 polymorphisms had
a better TTP compared to those patients with wild type
genotype (GG). Furthermore, GG genotype was related to
side effects in 56% of the cases, while GT and TT genetic
variants (without distinguishing homozygous from hetero-
zygous patients) were associated with side effects in 44% of
the cases.

Two recent studies [7, 8] investigated the relationship
between rs4646 polymorphisms and letrozole administration
in breast cancer. Neither of them found any significant con-
nection with Al treatment outcome.

The early identification of patients who will develop side
effects is important in order to improve the compliance to
treatment and to reduce its interruption.

Napoli et al. [9] and Mao et al. [10] demonstrated an asso-
ciation among polymorphisms rs60271534, rs700518 and
side effects induced by aromatase inhibitors.

To our knowledge, no empirical studies exist addressing
the relationship between polymorphisms of CYP19A1 gene
(rs4646) and the onset of Al therapies related-side effects;
we hypothesized that a single nucleotide polymorphisms
of CYP19A1 (rs4646) may influence the occurrence of side
effects in patients treated with aromatase inhibitors-based
adjuvant therapy. The aim of this study was to measure the
incidence of the adverse effects in breast cancer patients
treated with Al-based adjuvant therapy and the relationship
with the CYP19A1 genotypes.

Materials and Methods

We carried out a retrospective study. 45 postmenopausal
women in third generation-aromatase inhibitor adjuvant
treatment in May 2012 were enrolled in the study. Main inclu-
sion criteria were: stage |-l histologically confirmed breast
cancer; ER positive breast cancer; radical surgery (either
mastectomy or breast conserving surgery) and axillary or
sentinel node dissection or biopsy; diagnosis and treatment
on (name) between January 2006 and January 2012. Those
positive for osteoporotic, before the therapy, were excluded
from the study. Letrozole (Femara®) was administered at the
dose of 2.5 mg/day and Anastrozole (Arimidex®) at the dose
of 1 mg/day. Written informed consent was obtained from
all patients to collect blood samples and to use their clinical
information from clinical chart. The study protocol has been
approved by the Hospital Ethic Committee.

The National Cancer Institute’s Common Terminology
Criteria for Adverse Events version 3.0 [11], has been used
to grade the severity of the adverse events. Toxicities were
registered at each scheduled follow-up (outpatient visits or
treatment administration).

For osteopenic and osteoporotic assessment, bone min-
eral density (BMD) has been measured in the lumbar spine
and proximal femur by dual energy x-ray absorptiometry
(DXA). Lumbar spine BMD was determined using the antero-
posterior projection and was calculated as the average of
L1-L4. The non-dominant hip was used for proximal femur
scans. BMD was measured before the Al treatment, and every
12-18 months up to the fourth year of treatment. According
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to WHO criteria, we classified the patients into 3 groups: nor-
mal, osteopenic, and osteoporotic [12].

CYP19A1 genotyping

The X-tractor Gene system (Corbett life Science, Australia)
for automated nucleic acid extraction has been used. The
analysed rs4646 single nucleotide polymorphism (SNP) was
located in the 3’ untranslated region of aromatase (CYP19A1)
gene. Reference sequence for CYP19A1 gene was obtained
from NCBI GenBank database (http://www.ncbi.nlm.nih.
gov/).

Genotyping was performed by Pyrosequencing tech-
nology (Pyrosequencer PyroMark ID system-Qiagen). Both
amplification and sequencing primers were obtained by
the PSQ Assay Design software (Biotage AB and Biosystems,
Uppsala, Sweden). Selected primer sequences are:
5’-CATTTTATAGGCATACCTC-3' (GG) as forward primer, bio-
tin-5'CTGCTTTTTCTCTTGTAG-3’ (GT) as reverse primer, and
5'-CCAAGCTAGGTGCTATT-3' as sequencing primer (TT).

Results

Twenty-four patients (53.3%) had the GG primer sequence,
19 (42.2%) the GT, and 2 (4.4%) the TT. In the whole sample
the median age was 59 years (range, 46-85), and the median
length of follow-up was 54 months (range, 36-70). Twenty-
four patients (53.3%) were overweight (BMI: 25-29.9); nine
(20.0%) were smokers; three (6.6%) had a family history of
hip fracture and six (13.2%) had a personal history of fragil-
ity fracture; thirteen (28.9%) were in chemotherapy. Thirty-
five (77.8%) patients were treated with Anastrozole and ten
with Letrozole (22.2%). At baseline, toxicities or treatment
adverse effects were absent; and no significant differences in
participants clinical features, according to genotypes of the
CYP19A1, emerged except for the percent of patients in che-
motherapeutic treatment (GG=16.7%; GT=47.4%; TT=0.0%;
p=0.063).

The incidence of several adverse effects associated with
the Al treatment is shown in Table 1. Despite the high inci-
dence of fatigue, pain, vaginal dryness, nausea and vomiting,
sleep diseases, hypercholesterolemia and osteoporosis, they
are usually of mild severity. Osteoporosis was encountered in
one out of four cases (24.4%); however 80% of the osteopo-
rosis occurred after the first year of Al treatment. Vaginal dry-
ness was significantly associated with Anastrozole treatment
(n=15; 42.9% vs n=1; 10.0%); sleep diseases and cutaneous
rash were associated with Letrozole treatment (n=5; 14.3% vs
n=6; 60.0%; n=2; 5.7% vs n=3; 30.0%, respectively).

When the associations of those adverse effects with
the Al treatments were adjusted for CYP19A1 polymor-
phisms (GG=reference) and age (<59yrs=reference), the

Table 1. Incidence of adverse effects associated with Anastrozole
and Letrozole (n and %)

Total Anastrozole Letrozole
sample  (n=35; (n=10; p-

n=45 77.8%) 22.2%) value*
Fatigue 27 (60.0) 21(60.0) 6(60.0) 1.000
Pain 23(51.1) 19(543) 4(40.0) 0491
Hyper 20(444) 16(457) 4(40.0 1.000
Cholesterolemia
Vaginal dryness 16(35.6) 15(429) 1(10.0) 0.071
Nausea & vomiting  13(289) 9(25.7) 4(40.0) 0.441
Osteoporosis 11(244) 9(25.7) 2(20.0) 1.000
Sleep disturbances 11 (244) 5(14.3) 6 (60.0) 0.007
Cephalea 5(11.1) 5(14.3) 0(0.0) 0.571
Cutaneous rash 5(11.1) 2(5.7) 3(30.0) 0.065
Diarrhoea 5(11.1) 3(8.6) 2(20.0) 0306
Anorexia 511.1) 40114 1(10.0) 1.000
Hyper Triglygeridemia 4 (8.9) 4(114) 0(0.0) 0.561
Dysthyroidism 4(8.9) 3(8.6) 1(10.0) 1.000
*Chi squared, Fisher’s exact test
Hyper Cholesterolemia (>200mg/dL); Hyper Triglygeridemia (>150 mg/dL)

results remained substantially unchanged. In multiple logis-
tic regression analyses, sleep diseases and cutaneous rash
were both independently predicted by Letrozole treatment
(Odds Ratio, OR=9.26, 95% Cl 1.24-68.91, p=0.030; OR=18.06,
95% ClI 1.36-239.91, p=0.028; respectively). Vaginal dryness
was independently weakly predicted by the Anastrozole
treatment (OR=0.13, 95% Cl 0.12-1.42, p=0.094). Differently,
osteoporosis was significantly and independently associated
with the GG genotype for the CYP19A1 (Table 2).

Treatment discontinuation (TD) was observed in 6 cases
(13.3%); 4 (11.4%) patients treated with Anastrozole, and
2 (20.0%) with Letrozole. TD was significantly predicted by
severe pain (G3; p=0.009), when adjusted for age.

Discussion

In postmenopausal women with hormonal receptor positive
breast cancer, Al based adjuvant therapy reduces the risk of both
death and disease relapse, however the incidence of side effects,
resulting by oestrogen suppression, is still too high.

The recognition and the management of side effects, and
the individuation of the predictor of toxicities could allow to
reduce the risk of treatment discontinuation and to improve
patient’s quality of life [13].

In this study; we explored the role of the CYP19A1 gene
rs4646 polymorphism in the occurrence of side effects.
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Table 2. Incidence of adverse effects, separately by CYP19A1 genotypes (n and %)

CYP19A1 genotypes
Total sample GG (n=24; GT(n=19; TT (n=2; p-

n=45 53.3%) 42.2%) 4.4%) value*
Fatigue 27 (60.0) 13 (54.2) 12 (63.2) 2 (100) 0.525
Pain 23 (51.1) 12 (50.0) 9 (47.4) 2 (100) 0.603
Hyper Cholesterolemia 20 (44.4) 11 (45.8) 8 (42.1) 1(50.0) 1.000
Vaginal dryness 16 (35.6) 11 (45.8) 4(21.1) 1 (50.0) 0.190
Nausea & vomiting 13 (28.9) 6 (25.0) 5(26.3) 2 (100) 0.118
Osteoporosis 11 (24.4) 11 (45.8) 0 (0.0) 0 (0.0) 0.001
Sleep disturbances 11 (24.4) 7 (29.2) 2(10.5) 2 (100) 0.031
Cephalea 5(11.1) 1(4.2) 4(21.1) 0(0.0) 0.255
Cutaneous rash 5(11.1) 3(12.5) 2(10.5) 0(0.0) 1.000
Diarrhoea 5(11.1) 2(8.3) 2 (10.5) 1(50.0) 0.333
Anorexia 5(11.1) 2(8.3) 3(15.8) 0 (0.0) 0.717
Hyper Triglygeridemia 4 (8.9) 2(8.3) 2(10.5) 0 (0.0) 1.000
Dysthyroidism 4(8.9) 4(16.7) 0(0.0) 0(0.0) 0.269
*Chi squared, Fisher’s exact test
Hyper Cholesterolemia (>200 mg/dL); Hyper Triglygeridemia (>150 mg/dL)

The rs4646 single-nucleotide polymorphism (snp) has
been already studied by many authors who demonstrated
the association of CYP19A1 polymorphisms with different
plasma concentrations of oestrogen; other studies, therefore
demonstrated that it is associated with the clinical outcome
in women treated with neoadjuvant, or metastatic therapy.
Many studies evaluated the protective role of T allele of the
rs4646 polymorphism against migraine. The exact migraine
pathophysiology is still unknown, but surely elevate oestro-
gen levels are associated with a higher risk in women. The
results of literature suggest that rs4646 polymorphism affect
the aromatase activity and the effect of oestrogen.

To our knowledge, none of the studies investigated the
role of rs4646 as predictor of IAs toxicities in adjuvant setting.
The Al-adverse effects found in our sample, consistent with
those described in literature, cause the interruption of adju-
vant treatment in 20-30% of cases [3].

We did not find any association between the basal value
of BMD and genotype, but we observed a significant associa-
tion between GG genotype and osteoporosis onset.

Osteoporosis was encountered in 11 patients (24.4%) in
four years; in 2 cases, the diagnosis has been posed at the
first follow-up, in 5 cases one year later, in 3 cases at the third
follow-up, and in the last case at the fourth follow-up. It is
noteworthy that, in nearly 80% of the cases, appearance of
osteoporosis occurred after the first year of Al treatment.

Skeletal homeostasis is maintained by the balance between
bone formation and its resorption. Many local and systemic
factors are involved in this process and oestrogens have a
fundamental regulatory role. During menopause, physiologi-
cal reduction of oestrogen levels produces bone mass density
decrease, with a subsequent increase of fracture risk. This risk is
further increased in women treated with Al [13].

Furthermore, healthy postmenopausal women lose
almost 0.5-2% of bone mass density every year and also this
mechanism is increased during Al therapy [15]. In our study
median follow up and timing of osteoporosis onset sug-
gested that osteoporosis may be a later side effect.

Muscular-skeletal symptoms including arthralgia and
myalgia frequently occur in aging women, particularly dur-
ing the transition to menopause, when plasma oestrogens
precipitously decline [16, 17]. We reported that 51% of the
patients had arthralgia and myalgia, but no significant asso-
ciation with CYP19A1 genetic variants was found. However,
arthralgia was the only side effect that seemed to be a sig-
nificant predictor of therapy interruption, at the univariate
analysis.

Furthermore, the previous results from San Antonio
Breast Cancer 2013 about the association between the base-
line symptoms of patients and the discontinuation of Al
treatment, are very interesting and they suggest that early
management of symptom burden may avoid the discontinu-
ity of the treatment [18].
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Our limit was the small sample size, depending on pilot
nature of our study. Our results highlight the role of the indi-
vidual susceptibility to develop side effects, and give a contri-
bution to previous studies that demonstrated the relationship
between rs4646, oestrogen basal level and therapy efficacy.

Further prospective studies are needed to confirm the
role of polymorphism rs4646 (CYP19A1) in predicting adverse
effects of Al-based therapy, in particular osteoporosis.

In conclusion, our study represents a promising approach
to personalized therapy based on metabolic profile of
patients in order to prevent severe adverse events and treat-
ment discontinuation.

Ethics Committee Approval: Ethics committee approval was
obtained.

Informed Consent: Written informed consent was obtained
from patient/patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.B., PM.; Design - FM,;
Supervision - PM.; Funding - M.S., C.M,, L.M.; Materials - M.S., CM.,,
L.M.; Data Collection and/or Processing - C.M., L.M.; Analysis and/or
Interpretation - G.G., E.M., M.B;; Literature Review - C.M.; Writer - A.B.,
E.M., M.L.T;; Critical Review - PM., M.S.

Conflict of Interest: The authors declared no conflict of interest.

Financial Disclosure: The authors declared that this study has
received no financial support.

References

1. BIG 1-98 Collaborative Group, Mouridsen H, Giobbie-Hurder A,
et al. Letrozole therapy alone or in sequence with tamoxifen in
women with brest cancer. N Engl J Med 2009; 20: 361: 766-76.

2. Dowsett M, Cuzick J, Ingle J, et al. Meta-analysis of breast can-
cer outcomes in adjuvant trials of aromatase inhibitors versus
tamoxifen. J Clin Oncol 2010; 28: 509-18. [CrossRef]

3. Aiello Bowles EJ, Boudreau DM, Chubak J, et al. Patient-reported
discontinuation of endocrine therapy and related adverse
effects among women with early-stage breast cancer. J Oncol
Pract 2012; 8: 149-57. [CrossRef]

4. Dunning AM, Dowsett M, Healey CS, et al. Polymorphisms asso-
ciated with circulating sex hormone levels in postmenopausal
women. J Natl Cancer Inst 2004; 96: 936-45. [CrossRef]

5. Colomer R, Monzo M, Tusquets |, et al. A single-nucleotide poly-
morphism in the aromatase gene is associated with the efficacy
of the aromatase inhibitor letrozole in advanced carcinoma. Clin
Cancer Res 2008; 14: 811-6. [CrossRef]

10.

11.

12.

13.

14,

15.

16.

17.

18.

Garcia-Casado Z, Guerrero-Zotano A, Lliombart-Cussac A, et al.
A polymorphism at the 3'-UTR region of the aromatase gene
defines a subgroup of postmenopausal breast cancer patients
with poor response to neoadjuvant letrozole. BMC Cancer 2010;
10: 36. [CrossRef]

Park IH, Lee YS, Lee KS, et al. Single nucleotide polymorphisms
of CYP19A1 predict clinical outcomes and adverse events asso-
ciated with letrozole in patients with metastatic breast cancer.
Cancer Chemoth Pharmacol 2011; 68: 1263-71. [CrossRef]
Ferradelschi R, Arnedos M, Hadfield KD, et al. Polymorphisms
of CYP19A1 and response to aromatase inhibitors in metastatic
breast cancer patients. Breast Cancer Res Treat 2012; 133: 1191-8.
[CrossRef]

Napoli N, Rastelli A, Ma C, et al. Genetic polymorphism at Val80
(rs700518) of the CYP19A1 gene is associated with aromatase
inhibitor associated bone loss in women with ER + breast can-
cer. Bone 2013; 55: 309-14. [CrossRef]

Mao JJ, Su HI, Feng R, et al. Association of functional polymor-
phisms in CYP19A1 with aromatase inhibitor associated arthral-
gia in breast cancer survivors. Breast Cancer Res 2011; 13: R8.
[CrossRef]
http://ctep.cancer.gov/protocolDevelopment/electronic_appli-
cations/ctc.htmitctc_40

LuY, Genant HK, Shepherd J, et al. Classification of osteoporosis
based on bone mineral densities. J Bone Miner Res 2001; 16:
901-10. [CrossRef]

Mazzotti E, Antonini Cappellini GC, Buconovo S, et al. Treatment-
related side effects and quality of life in cancer patients. Supp
Care Cancer 2012; 20: 2553-7. [CrossRef]

Rinaldi RZ. Aromatase inhibitor adjuvant chemotherapy of
breast cancer results in cancer therapy induced bone loss. Curr
Osteoporos 2013; 11: 61-4. [CrossRef]

SIOMMS: Societa ltaliana dell’Osteoporosi, del Metabolismo
Minerale e delle Malattie dello Scheletro. Linee Guida per la
diagnosi, prevenzione e terapia dell'osteoporosi 2012. Available
at:http://www.siomms.it/downup/LINEE_GUIDA_DIAGNOSI_
PREVENZIONE_TERAPIA_OSTEOPOROSI_2012.pdf

Crew KD, Greenlee H, Capodice J, et al. Prevalence of joint symp-
toms in postmenopausal women taking aromatase inhibitors
for early-stage breast cancer. J Clin Oncol 2007; 25: 3877-83.
[CrossRef]

Hadji P, Body JJ, Aapro MS, et al. Practical guidance for the man-
agement of aromatase inhibitor-associated bone loss. Annals
Oncol 2008; 19: 1407-16. [CrossRef]

Henry NL, Kidwell K, Hayes DF, et al. Associations between
baseline patient-reported symptoms and discontinuation of
adjuvant aromatase inhibitor (Al) therapy. Cancer Res 2013; 73:
S3-02. [CrossRef]


http://dx.doi.org/10.1200/JCO.2009.23.1274
http://dx.doi.org/10.1200/JOP.2012.000543
http://dx.doi.org/10.1093/jnci/djh167
http://dx.doi.org/10.1158/1078-0432.CCR-07-1923
http://dx.doi.org/10.1186/1471-2407-10-36
http://dx.doi.org/10.1007/s00280-011-1615-y
http://dx.doi.org/10.1007/s10549-012-2010-z
http://dx.doi.org/10.1016/j.bone.2013.04.021
http://dx.doi.org/10.1186/bcr2813
http://dx.doi.org/10.1359/jbmr.2001.16.5.901
http://dx.doi.org/10.1007/s00520-011-1354-y
http://dx.doi.org/10.1007/s11914-013-0134-7
http://dx.doi.org/10.1200/JCO.2007.10.7573
http://dx.doi.org/10.1093/annonc/mdn164
http://dx.doi.org/10.1158/0008-5472.SABCS13-S3-02

