ARTICLES

International Group 1-98 study, in which strong departures
from HWE (to a magnitude of 107°2) were observed, leading
to a call for retraction of this article.>1%16

For criterion 1, 49.9% of our patient DNA samples originated
from blood, 21.6% from fresh-frozen tissues, and 28.5% from
FFPE tissues. For criterion 2, 55.0% samples originated from blood,

20.5% were fresh-frozen tissues, and 24.5% from FFPE tissues. For
criterion 3, 50.9% of DNA samples originated from blood, 31.9%
from fresh-frozen tumor, 13.4% from FFPE tumor tissues, and
3.5% from FFPE normal tissue. Although we cannot exclude the
presence of somatic events leading to misclassification of CYP2D6
genotype, as evident from HWE deviation identified in data from

Site =1 in=0 Site =2;n=70 Product-limit survival estimates
with number of subjects at risk
2 B alt 1.0 4 e & s & e 1 veamn o et o e 3 ot = v . o & —
(No subjects met criterion 1) St +Censored
™ L:__“ . logrank P= 0.7396
-
0.8 4 i .
L_’L‘LK :
H
Z 06 RERES
3
<
2
<
8 044
&
2
2
@ 02+
0.0
1 37 18 11 0
2% 31 19 11 0
3 2 1 1 0
¥ ' v T T T T
0.0 25 5.0 75 10.0 125 15.0
BCFI_time
Metabolizer status_from_genos
I 1:Extensive .« — 2:Intermediate -~ - -~ 3: Poor
Site =3; n=124 Product-limit survival estimates Site =4; n=60 Product-limit survival estimates
with number of subjects at risk with number of subjects at risk
1.0 4 : 1.0 4
" gt
iy .
o oy
= T 038 4
o SRR
£ 06 4
Z 064 & o oot =
3 4
8 2
3 [
4 S 049
= 044 S
H @ 02+
02 4 + Censored
logrank P=.
575 4} Licarank P=0.0010 1] 3 30 27 24 18 12 5
. 2 23 21 19 16 11 9 2
1 39 39 31 18 10 0 3 3 3 3 3 3 1 0
2 85 78 QE 37 15 0 E‘ é % b
S T ¥ ? T 4 6
0 2 4 6 8 10
BCFI_time » BCFI_time
Metabolizer_status_from_genos
I Metabolizer_status_from_genos 1:Extensive  «~ — — 2: IntermediateJ 1:Extensive -« - — 2: Intermediate -~ - ~— 3: Poor
Site=5; n=212 et Survi i ;
Product-limit survival estimates Site = 6; n=243 - " "
with number of subjects at risk ’ GroduchimitsUivivatesimates
with number of subjects at risk
1.0 4
+ Censored 1.0 4 T o
. logrank P = 0.0421 ‘\1 o
'M“"—v-s. % logrank P =0.3977
0.8 4 L LR i
: B e g e RRR TR LTI S TR Y Py 0.8 4 D e s e e e
ne
e - g
2 06 i R s b
2 , 2 o5 R
s H = e
8 4 o o s ot - dt a Bt e vt s oo i oo
5 04 4 g od
2 3
s 2
5 2
@ 02 4 @ 02
b 1‘ 93 73 56 15 0 o
21 o9 72 51 12 0 1) QLS & i g 9 ¢
Rl o - 3 o 5L 12 9 2 0
0 5 10 15 20 = : y 4 i '
0 5 10 15 20 25
BCFI_time 4
. = BCFI_time
Metabolizer_status_from_genos Metabolizer_status_from_genos
e 1:Extensi o e 20 It I o 4 e 3
SuSHS e s oo [ 1:Extensive -~ - 2:Intermediate - - — 3: Poor

Figure3 Site-specific effects of CYP2D6 metabolizer status on clinical outcomes for subjects meeting inclusion criterion 1 (outcome = breast cancer-free

interval (BCFI)).
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some sites, comprehensive testing for HWE did not reveal signifi-
cant violations across most sites. Moreover, the extent of deviation
from HWE in the *4 allele was not associated with sites that evinced
less clinical benefit from tamoxifen in patients who were assessed
to be PMs in terms of their CYP2D6 status. This suggests that geno-
typing errors are unlikely to be a major issue in our analyses.

Our findings are subject to the shortcomings commonly
encountered when performing retrospective “biomarker”

studies. In our study, most sites were unable to collect or
control for the factors known to alter endoxifen exposure,
including dose and duration of tamoxifen administration
and patients’ adherence to the regimen. Although tamoxifen
adherence is increasingly recognized as a critical factor for
drug efficacy,®® most studies evaluating tamoxifen biomarkers
have not controlled for adherence. Other confounders include
limited CYP2D6 allele coverage and lack of information
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regarding the coadministration of CYP2D6 inhibitors, leading
to potential misclassification of the CYP2D6 drug metabolism
phenotype. Therefore, our meta-analysis results depend heav-
ily on which subgroup of patients we include. If we accept that
utmost precautions must be applied to avoid the distortion
of results from influences derived from the aforementioned
shortcomings, it follows that merely increasing the numbers of
subjects without controlling the quality of input data, as done
in our preliminary overview analysis,” may result in hetero-
geneity that masks the effect of a pharmacokinetic biomarker
such as CYP2D6. From this, we conclude that until results
from prospective adjuvant studies are available, women who
meet criterion 1 as established in this and other independ-
ent cohorts (ABCSG 8) should be counseled regarding the
potential impact of CYP2D6 on the effectiveness of adjuvant
tamoxifen, and potent CYP2D6 inhibitors should be avoided
in these patients. Prospective adjuvant studies are needed to
determine whether genotype-guided selection of hormonal
therapy will improve the outcomes of women with early-stage
ER-positive breast cancer, and results from ongoing prospec-
tive studies in the metastatic setting are eagerly awaited.
A similarly motivated study on warfarin is currently being
conducted in the Clarification of Optimal Anticoagulation
through Genetics trial.24

By strict clinical and genotype criteria, reduced CYP2D6
metabolism is associated with a higher risk of recurrence (as
measured by IDFS) in tamoxifen-treated women. However,
the heterogeneity observed across sites contributing data to
the ITPC points to the likely influence of critical confounding
factors unlikely to be controllable in global retrospective stud-
ies. This study demonstrates the complexity of performing a
retrospective biomarker study that focuses on the genetic fac-
tors that affect exposure to an active metabolite, endoxifen, for
a drug, tamoxifen, administered for 5 years. Our observation
that <50% of the patients in this study met the basic eligibility
criteria—in terms of similar disease, treatment, and control for
critical pharmacological factors such as dose and duration of
tamoxifen—provides insight into possible reasons for the dis-
crepancies in the literature on CYP2D6 and tamoxifen. Although
CYP2D6 is a predictor of IDFS in a subset of patients treated
with tamoxifen, the lack of an effect in the entire heterogeneous
study population suggests that prospective studies are neces-
sary to finally establish whether genotype-guided selection of
hormonal therapy improves clinical outcomes of women with
ER-positive breast cancer.

METHODS

Data collection and study cohorts. The ITPC invited any research
group from across the world that had published or unpublished
CYP2D6 data to participate in this meta-analysis. The ITPC com-
prises 12 research projects for a total of 4,973 breast cancer patients
treated with tamoxifen. This retrospective study does not include a
control group not treated with tamoxifen. These data were curated at
the PharmGKB (Pharmacogenomics Knowledge Base, http://www.
pharmgkb.org). Consent for participation in the ITPC and DNA col-
lection, CYP2D6 genetic testing, and submission of data was obtained
under local ethical review board permissions.

10

We collected information on clinical factors previously shown to
be associated with breast cancer therapy and prognosis that were
available from the information received from the sites. These data
included demographic characteristics, cancer history, cancer recur-
rence, use of other therapies, use of concomitant medications known
to affect CYP2D6 phenotype, ER status, and classic prognostic factors
such as tumor size and number of affected lymph nodes. Information
was also collected regarding the presence of CYP2D6 genetic vari-
ants (*2, *3, *4, *5, *6, *10, *17, and *41, categorized by their DNA
sources), for which coverage of these alleles varied by site. For 1,635
subjects, CYP2D6 variants assessable from blood DNA using the
AmpliChip CYP450 test (Roche) were collected. A complete list of
the information collected is detailed in §1-S3 online, including the
project-specific CYP2D6 genotype assays used and the DNA source.
Independent confirmation of CYP2D6 genotypes was not performed
owing to lack of access to subjects’ samples. The clinical outcome
variable was either breast cancer—free interval or IDFS, as previously
defined.?” The complete data set of genotypes and clinical variables
is available at http://www.pharmgkb.org.

Statistical analysis. Because the ITPC was not a prospectively
defined multicenter study with a common protocol, there is poten-
tial for considerable study-to-study heterogeneity. Therefore, we
did not analyze the combined data as a single series even though
we had access to individual-level data from all studies. Rather, we
applied a random-effects meta-analysis strategy. This provided
estimates of the effect of CYP2D6 in each study’s data separately,
allowing us to examine the consistency of the results across sites.
The meta-analysis is a two-stage procedure. In the first stage, we
fit proportional-hazards models to the data from each of the ITPC
sites separately, predicting clinical outcome after surgery from
CYP2D6 genotype and other relevant covariates. These analyses
produced a set of 12 parameter estimates of the HRs of CYP2D6
genotypes on outcome, along with their corresponding SEs (one
for each site). In the second stage, we used a random-effects meta-
analysis procedure26 to test for study heterogeneity (i.e., whether
the 12 studies met the assumptions of the meta-analysis sufficiently
s0 as to be combinable using that method). When the heterogeneity
was not significant, we combined the log-HRs into a single, meta-
analysis estimate of the effect of CYP2D6 on tamoxifen-treated
recurrence and/or survival outcomes. The DerSimonian and Laird -
method also provides a penalty in its test of overall association for
moderate levels of study-to-study heterogeneity (i.e., for hetero-
geneity that is not so severe as to be statistically significant). This
method is therefore conservative in its conclusions when heteroge-
neity is a potential issue.

SUPPLEMENTARY MATERIAL is linked to the online version of the paper at
http://www.nature.com/cpt
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WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

v/ There has been extensive controversy with regard to

the association between CYP2D6 genetic variants and
the clinical outcomes of tamoxifen use.

WHAT QUESTION DID THIS STUDY ADDRESS?
\/ The ITPC was established to address this contro-

versy and to determine the association of CYP2D6
status with IDFS in tamoxifen-treated early-stage,
ER-positive breast cancer.

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE
v/ We found that CYP2D6 genotype was associated with a

higher risk of recurrence in patients meeting the strict
criterion. However, the observation of substantial
heterogeneity in cohorts 2 and 3 suggests that study
design factors that cannot be controlled retrospec-
tively may obscure the predictive utility of CYP2D6
genotype. This study demonstrates the complexity of
performing a retrospective biomarker study:

HOW THIS MIGHT CHANGE CLINICAL PHARMACOLOGY
AND THERAPEUTICS

v Although CYP2D6 is a predictor of IDFS in a subset of

patients treated with tamoxifen monotherapy, the lack
of an effect in the entire heterogeneous study popula-
tion suggests that prospective studies are necessary

to fully establish the value of CYP2D6 genotyping in
tamoxifen therapy.
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Abstract

effects of the associated SNPs.

Introduction: Chemotherapy-induced alopecia is one of the most common adverse events caused by conventional
cytotoxic chemotherapy, yet there has been very little progress in the prevention or treatment of this side effect.
Although this is not a life-threatening event, alopecia is very psychologically difficult for many women to manage.
In order to improve the guality of life for these women, it is important to elucidate the molecular mechanisms of
chemotherapy-induced alopecia and develop ways to effectively prevent and/or treat it. To identify the genetic risk
factors associated with chemotherapy-induced alopecia, we conducted a genome-wide association study (GWAS)
using DNA samples from breast cancer patients who were treated with chemotherapy.

Methods: We performed a case-control association study of 303 individuals who developed grade 2 alopecia, and
compared them with 880 breast cancer patients who did not show hair loss after being treated with conventional
chemotherapy. In addition, we separately analyzed a subset of patients who received specific combination
therapies by GWASs and applied the weighted genetic risk scoring (WGRS) system to investigate the cumulative

Results: We identified an SNP significantly associated with drug-induced grade 2 alopecia (rs3820706 in CACNB4
(calcium channel voltage-dependent subunit beta 4) on 2g23, P = 8.13 x 10, OR = 3.71) and detected several
SNPs that showed some suggestive associations by subgroup analyses. We also classified patients into four groups
on the basis of wGRS analysis and found that patients who classified in the highest risk group showed 443 times
higher risk of antimicrotubule agents-induced alopecia than the lowest risk group.

Conclusions: Our study suggests several associated genes and should shed some light on the molecular
mechanism of alopecia in chemotherapy-treated breast cancer patients and hopefully will contribute to
L development of interventions that will improve the quality of life (QOL) of cancer patients.

Introduction

Breast cancer is the most common malignancy among
women worldwide [1]. Although treatment of breast cancer
has been significantly improved by the development of
molecular-targeted drugs in the past few decades, a subset
of patients do not receive benefit from these modalities
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[2,3]. Such patients and the majority of relapsed patients
are treated with conventional cytotoxic chemotherapy that
can often cause various adverse events including hair loss.

Hair loss (alopecia) is one of the most common side
effects caused by chemotherapy in cancer patients,
particularly in women with breast cancer. Although
molecular-targeted drugs such as trastuzumab do not
cause alopecia, these drugs are given together with other
chemotherapeutic agents. Most of the cytotoxic agents
cause alopecia, but the severity in individual patients
and the incidence by the types of drugs are significantly
different: more than 80% of patients treated with
antimicrotubule agents, more than 60% of those with

© 2013 Chung et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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alkylating agents, 60 to 100% of those with topoisomerase
inhibitors, and 10 to 50% of those with antimetabolite-
‘based drugs experience severe alopecia [4]. It is also well
known that the incidence and the severity are increased
when patients are treated with a combination of multiple
drugs rather than a single agent [4,5]. Usually, hair loss
begins one to two weeks after the start of chemotherapy
and a patient’s hair can be completely lost in a one- to
two-month period. Hair starts to regrow after chemother-
apy is completed or discontinued [6,7]. This drug-induced
hair loss is not a life-threatening side effect, however, it
can strongly influence cosmetic appearance and psy-
chological stresses, and often affects the quality of life
(QOL) of the patients [7]. Several studies have demon-
strated that the majority of women patients are distressed
due to treatment-related alopecia and that 8% of the
women avoid chemotherapy because they are unwilling to
deal with hair loss [7-10]. Moreover, one study reported
that the hair loss was harder to manage than the loss of a
breast in some patients [11].

It is known that there are three cycles during hair
growth: anagen is the growth phase; catagen is the invo-
luting or regressing phase; and telogen is the resting or
quiescent phase [12,13]. It is thought that chemotherapeu-
tic agents target highly proliferative hair matrix cells in the
anagen phase, called the anagen effluvium [4,14], but
the molecular mechanism is still largely unknown. Scalp
cooling with cold air or liquid is the most widely used
method since the 1970s to prevent or minimize drug-
induced alopecia. However, it is not always effective and it
is not easy to standardize the system of scalp cooling [4,15].
Since medications such as minoxidil or AS101, which
are widely used for aging-related hair loss, failed to show
any protective effect in the case of chemotherapy-induced
alopecia [16-19], there is currently no good option to
prevent or treat drug-induced alopecia.

In this study, we conducted a genome-wide association
study (GWAS) using mono- or combination-chemother-
apy-treated breast cancer cases to identify common genetic
factors that are associated with drug-induced alopecia. We
have identified some loci that are likely to be associated
with increased risk of chemotherapy-induced alopecia.
These results can provide new insight into the molecular
mechanisms of hair loss induced by anticancer drugs and
may contribute to development of drugs that can prevent
or treat this emotionally devastating side effect.

Methods

Participants

All samples used in this study were obtained from the
BioBank Japan located at the Institute of Medical Science
at the University of Tokyo. The BioBank Japan project
[20], which began in 2003, is a collaborative network
of 66 hospitals in Japan [21]. The project achieved a
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collection of genomic DNA, serum, and clinical informa-
tion from a total of 330,000 cases (200,000 patients)
that had at least 1 of 47 defined diseases. Adverse drug
reaction (ADR) information was collected from the
patients’ medical records by medical coordinators. From
the BioBank Japan, we selected 1,367 individuals who had
been diagnosed with breast cancer and had received
conventional chemotherapy. Of them, 303 patients had
experienced grade 2 alopecia (ADR), 184 revealed grade 1
alopecia, and the remaining 880 patients were reported to
have had no alopecia (non-ADR). Grade 2 alopecia is
defined as complete hair loss, which is the most severe
grade in this adverse reaction (National Cancer Institute
Common Toxicity Criteria (NCI-CTC) version 3.0). In
addition, samples from 23 breast cancer patients with
grade 2 alopecia were collected at the Tokushima Breast
Care Clinic to further verify the findings of the initial
GWAS study; all of the 23 patients were treated with a
combination therapy of docetaxel and cyclophospha-
mide. The detailed clinical information is summarized in
Additional file 1. All participants provided written
informed consent. This project was approved by the
Institutional Review Board of the Institute of Medical
Science, the University of Tokyo, and RIKEN Center for
Genomic Medicine.

Genotyping and quality control

For GWAS, all DNA samples were genotyped using
Ilumina Human OmniExpress BeadChip kits (Illumina, San
Diego, CA, USA). Sample quality control was performed
by identity-by-state clustering across all samples to evaluate
cryptic relatedness for each sample and by use of principal
component analysis to exclude genetically héterogeneous
samples from further analysis. We applied SNP quality con-
trol by excluding SNPs with a call rate of <0.99, a P value
of the Hardy-Weinberg equilibrium test of <1.0 x 10, and
non-polymorphic SNPs in the dataset. Quantile-quantile
(Q-Q) plots and lambda values, which were used for fur-
ther evaluation of population substructure, were calculated
between observed P value from Fishers exact test allelic
model against expected P value. For genotyping of add-
itional samples, we used the multiplex PCR-based Invader
assay (Third Wave Technologies, Madison, W1, USA) as
described previously [22].

Statistical analysis

In the GWAS, Fisher’s exact test was applied to three
genetic models: an allele frequency model, a dominant
inheritance model, and a recessive inheritance model.
SNPs were rank-ordered according to the lowest P value
among the three models. Odds ratio (OR) and confidence
intervals (Cls) were calculated for the allelic model using
a non-risk allele or a non-risk genotype as a reference. A
Manhattan plot was generated by using the minimum
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P value among three genetic models. For the combined
analysis, the genotype count of the additional samples
was added to that of the GWAS. All statistical analyses
and plots were carried out using R statistical environ-
ment version 2.13.2 [23], and PLINK version 1.07
[24,25]. Haploview software was used for haplotype
analysis, to draw the Manhattan plot and linkage
disequilibrium (LD) map.

Scoring system using weighted genetic risk score (WGRS)
The scoring analysis was performed by utilizing SNPs
with P min of <1.0 x 10°° after exclusion of SNPs that
show strong LD (r* >0.8) of each GWAS. wGRSs were
calculated according to a method reported by De Jager
et al. [26]. Briefly, we first determined the effect size of
each SNP, calculated the cumulative genetic risk scores
by multiplying the number of risk alleles for each SNP
by its corresponding weight, and subsequently took the
sum across the total number of SNPs that were taken
into consideration of each GWAS set. We classified the
genetic risk score into four different groups, which were
created from the mean and standard deviation (SD) as
follows: <mean —1 SD for group 1; mean ~1 SD to average
for group 2; average to mean +1 SD for group 3; >mean +1
SD for group 4. Odds ratio (OR), 95% confidence interval
(CI), P value, sensitivity, and specificity were calculated
using group 1 as reference.

Results

Genome-wide association for chemotherapy-induced
alopecia in breast cancer

We performed a GWAS of 303 individuals who developed
grade 2 alopecia, and compared them with 880 breast
cancer patients who did not show any hair loss after
being treated with conventional chemotherapy. The Q-Q
plot and lambda (A) value (A <1.000) indicated no evidence
of population stratification between the cases and controls
we analyzed (Additional file 2). After the data was quality
controlled, association analysis was carried out for 555,600
autosomal SNPs by Fisher’s exact test on the basis of three
genetic models: allelic-effect, dominant-inheritance, and
recessive-inheritance models. Among the SNPs analyzed
in the GWAS, we identified a locus that reached genome-
wide significance (rs3820706 near CACNB4, minimum
P =813 x 107, ORrec = 3.71, 95% CI: 2.24 to 6.15) and
five additional loci that revealed suggestive association
with chemotherapy-induced alopecia with a P value of
<107 (Additional file 3 and Table 1). We further validated
the top nine SNPs that revealed the smallest P value
on the three loci in the GWAS result, using 23 addition-
ally obtained alopecia cases. The combined analysis
slightly improved the association with the rs3820706 locus
(combined minimum P = 1.85 x 107, ORrec = 2.38,
95% CIL: 144 to 3.93) and a nearby SNP rs16830728
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(combined minimum P = 260 x 10°% ORrec = 361,
95% ClI: 2.17 to 5.98; Table 2). As these two SNPs are
in strong LD with r* of >0.8, we performed haplotype
analysis, but the association was not as strong as
those of single SNPs (Additional file 4 and Additional
file 5).

Association studies for drug subgroups and specific drugs
We also performed subgroup analyses for different types
of chemotherapy, namely the CEF (cyclophosphamide +
epirubicin +/- 5-FU)-treated and CAF (cyclophospha-
mide + doxorubicin +/- 5-FU)-treated groups. Detailed
sample demographics are described in Additional file 1.
In the GWAS of the CEF-treated group, genetic variants
in the ALOXSAP gene on chromosome 13 were most sig-
nificantly associated with chemotherapy-induced alopecia
(rs3885907, minimum P = 1.38 x 10, OR = 2.66, 95% CI:
1.71 to 4.13). The GWAS analysis for the CAF-treated
group identified SNP rs594206 located in an intronic
region of BCL9 on chromosome 1 to be most strongly
associated (minimum P = 5.91 x 107, OR = 36.3, 95%
Cl: 4.58 to 287; Additional file 3 and Additional file 6).
Although the P values for these variants did not exceed
the genome-wide significance, it is notable that OR for
the identified SNP for the CAF analysis is very large. In
addition, we analyzed the association with antimicrotubule
agents, paclitaxel monotherapy and docetaxel monother-
apy because of their high incidence of alopecia, and found
that rs1858231 (minimum P = 1.95 x 10, OR = 2.71, 95%
CL 1.79 to 4.12), rs11059635 (minimum P = 2.05 x 107,
OR = 6.63, 95% CI: 2.95 to 14.9) and rs4262906 (minimum
P =662 x 107, OR = 4.36, 95% CI: 241 to 7.89) were most
significantly associated, respectively (Additional file 6).

SNP rs3820706 on CACNB4, which showed the strongest
association with chemotherapy-induced alopecia with the
genome-wide significance in the analysis of all-combined
samples, showed modest associations in all of the subgroup
analyses (Additional file 7). Although the numbers of sam-
ples in these subgroup analyses were relatively limited,
these data may provide fundamental information that will
contribute to a better understanding of chemotherapy-
induced alopecia.

Scoring system for prediction of chemotherapy-induced
alopecia

We then evaluated the cumulative effects of the candidate
loci (SNPs showing P <10 in Table 1 and Additional file 6)
using a weighted genetic risk scoring (WGRS) method [26].
We first selected eight SNPs from the GWAS of the com-
bination of all samples and calculated wGRS. As shown in
Additional file 8, only 17 of 190 patients belonging to
group 1 showed severe hair loss (grade 2) while 54 of 82
patients in group 4 revealed it. Cumulative risk scores for
the risk of drug-induced alopecia were calculated to be



Table 1 Summary of association results of the genome-wide association study

ADR® Non-ADR® RAF P value

CHR SNP Gene Allele 1/2 (risk) 1 12 22 1 12 22 ADR Non-ADR Allelic Dominant Recessive OR* 95% ClI

2 r$3820706 CACNB4 AG (GQ) 18 169 116 167 421 291 0.66 057 8.26E-05 1.07E-01 8.13E-09 371 (2.24-6.15)
2 16725180 CACNB4 (N (@] 17 152 134 135 429 316 0.69 060 7.90E-05 1.11E-02 3.84E-06 3.05 (1.81-5.14)
8 1516908658 FAMI135B G/A (G) 30 93 180 23 286 571 0.25 0.19 1.07E-03 9.68E-02 9.93E-07 4.09 (2.34-7.17)
10 17476422 PCDH15 T/G (G) 4 47 252 34 245 601 09 082 1.20E-07 377807 358E-02 217 (1.60-2.93)
10 1857373 PCDH15 G/A (A) 5 55 243 43 255 581 0.89 0.81 5.16E-07 3.15E-06 1.118-02 200 (1.51-2.66)
10 1857392 PCDH15 G/A (A) 5 55 243 42 252 584 0.89 081 9.08E-07 5.95E-06 1.60E-02 1.97 (1.48-262)
10 151319836 PCDH15 /T 5 55 243 42 254 583 0.89 081 9.10E-07 4.34E-06 1.60E-02 1.98 (1.49-2.63)
10 157919725 PCDHI15 A/G (G) 5 56 242 42 256 580 0.89 081 9.94E-07 4.68E-06 1.60E-02 197 (1.48-2.60)
10 15857369 PCDH15 T/C Q) 1 32 270 18 178 684 094 0.88 2.29E-06 7.25E-06 5.87E-02 233 (1.60-3.39)
10 159416306 PCDHI15 /T (M 1 32 270 18 178 682 0.94 0.88 2.29E-06 7.13E-06 5.88E-02 2.34 (161-3.39)
10 rs1219862 PCDH15 /T 2 31 270 17 182 681 0.94 0.88 2.73E-06 5.08E-06 1.85E-01 228 (1.58-3.30)
13 157318267 FARPI aTm 11 149 143 108 387 385 0.72 0.66 6.69E-03 3.15E-01 4.09E-06 3N (1.97-7.01)
13 152282048 FARPT T/CO 11 148 144 107 387 386 0.72 0.66 5.72E-03 2.84E-01 6.24E-06 368 (1.95-6.93)
17 rs1530357 LOC100506974 AG (A) 57 170 76 114 417 349 047 037 1.11E-05 4.29E-06 1.39E-02 196 (1.45-263)
17 rs1530361 LOC100506974 (A) 53 165 85 99 408 372 045 035 8.83E-06 1.12E-05 7.04E-03 154 (1.27-1.86)
19 1$11666971 LASS4 G/A (G) 46 19 138 56 379 445 035 0.28 1.64E-03 1.43E-01 8.13E-06 263 (1.74-3.96)

20Rs and Cls are calculated according to the associated genetic model; Pindividuals who developed grade 2 alopecia; “individuals who did not developed any ADRs after chemotherapy. CHR, chromosome; SNP, single

nucleotide polymorphism; ADR, adverse drug reaction; RAF, risk allele frequency; OR, odds ratio; Cl, confidence interval.

L8Y/G/S [/lUQJ,UOD/LUO)'LpJEBSBLJBDUED—lSEa.Iq//!dnq

I8Y'S L “E10T Y24pasay Jaup) Jsvaig '[p 33 Bunyd

0l jo ¥ abed



Table 2 Summary of combined results of the genome-wide association study and additional genotyped data

ADR® Non-ADRY P value
SNP CHR Chromosome position® Gene  Allele 1/2 (risk) 11 12 22 RAF 11 12 22 RAF Allelic Dominant Recessive Pmin ORP (95% Cl)
rs3820706 2 152957411 CACNB4 AG GWAS 18 169 116 066 167 421 291 057 B26E-05  107E-O1 81309  8I3E-09 371
' (224-6.15)
G) 2nd 1 1210 070 167 421 291 057 980E-02  370E-01 1.00E-01  9.80E-02 1.72
{091-3.25)
Combine 19 181 126 066 167 421 291 057 3.16E-05 765E-02 1.85E-09  1.85E-09 238
(1.44-393)
1516830728 2 152981335 STAM2 G/T GWAS 17 163 123 068 153 422 304 059 1.11E-04 6.16E-02 7.24E-08  7.24E-08 354
(2.11-596)
m 2nd 1 1" 11 072 153 422 304 059 940E-02 191801 1.556-01  9.40E-02 179
(0.94-343)
Combine 18 174 134 068 153 422 304 059 349E-05 4.30E-02 260608 2.60E-08 361
{2.17-598)
17476422 10 56204291 PCDH15 T/G GWAS 4 47 252 091 34 245 601 082 120807 377E07 3.58E-02  1.20E-07 217
(1.60-2.93)
(©)] 2nd 0 7 16 085 34 245 601 082 B845E-01  1.00E+00 1.00E+00  845E-01 1.21
(053-272)
Combine 4 54 268 091 34 245 601 082 263E-07 1.15E-06 241802 263E-07 206
(1.54-275)

20n the basis of NCBI 36 genome assembly; PORs and Cls are calculated according to the associated genetic model; “individuals who developed grade 2 alopecia; Yindividuals who did not developed any ADRs after
chemotherapy. The same controls were used in the GWAS and second stages analysis. SNP, single nucleotide polymorphism; CHR, chromosome; ADR, adverse drug reaction; RAF, risk aliele frequency; P min, minimum

P value; OR, odds ratio; Cl, confidence interval.
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