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 Pharmacogenetics of ABCG2 
and Adverse Reactions to 
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Gefi tinib is an inhibitor of the epider-
mal growth factor receptor (EGFR) 
tyrosine kinase with activity in non –
 small-cell lung cancer. Diarrhea and 
skin toxicity are prominent gefi tinib-
related adverse events that potentially 
limit its use. Gefi tinib is a substrate 
for ABCG2 (ABCP, BCRP, MXR), a 
polymorphic effl ux transporter pro -
tein that is highly expressed in the in-
testines and liver. Here we investigated 
associations between allelic variants of 
EGFR, ABCG2, and the transporter 
protein ABCB1 with diarrhea and skin 
toxicity in gefi tinib-treated patients. 
One variant, a common functional 
 single-nucleotide polymorphism (SNP) 
in the ABCG2 gene, was associated 
with diarrhea in 124 patients treated 
with oral gefi tinib 250 mg once daily; 
seven (44%) of 16 patients heterozy-
gous for ABCG2 421C>A (Q141K) de-
veloped diarrhea, versus only 13 (12%) 
of 108 patients homozygous for the 
wild-type sequence ( P  = .0046). How-
ever, this SNP was not associated with 
skin toxicity ( P  = .99). The fi nding 
 suggests that patients with reduced 
ABCG2 activity due to a common ge-
netic variant are at increased risk for 
substrate drug –  induced diarrhea, with 
implications for optimizing treatment 
with such agents. [J Natl Cancer Inst 
2006;98: 1739  –  42 ] 

 Gefi tinib (ZD1839; Iressa), a small-
molecule inhibitor of the epidermal 
growth factor receptor (EGFR) tyrosine 

kinase, has activity in patients with 
locally advanced or metastatic non –  
small-cell lung cancer, with overall 
response rates of 10% – 18%  ( 1 , 2 ) . 
Diarrhea is a prominent adverse effect 
of gefi tinib treatment, with grade 1 or 
2 toxicity occurring in 19% – 36% of 
patients receiving a daily dose of 250 mg 
 ( 3  –  5 ) . The etiology of gefi tinib-related 
diarrhea is unknown, and it is unclear 
which patient factors are associated with 
an elevated risk of this adverse effect. 
Previously, a strong association was 
noted between gefi tinib steady-state 
plasma concentrations and the severity 
of diarrhea  ( 6 ) . Skin toxicity is another 
common side effect of gefi tinib therapy 
that is typically manifested as a papulo-
pustular rash. At a gefi tinib dose of 
250 mg daily, grade 1 or 2 skin rash 
occurs in 31% – 42% of patients and 
grade 3 or 4 rash occurs in 1.4% – 2.5% 
of patients  ( 3  –  5 ) . The etiology of this 
rash is unknown, but it may be caused by 
inhibition of EGFR in the skin  ( 7 ) . 

 ABCG2 (formerly known as ABCP, 
BCRP, or MXR) is a polymorphic effl ux 
transporter protein that is expressed in 
intestinal epithelial cells, in proximal 
renal tubular cells, and on the biliary sur-
face of hepatocytes and that infl uences 
the absorption and disposition of various 
substrates  ( 8 ) . Recent in vitro data dem-
onstrate that the expression of ABCG2 
protects EGFR signaling – dependent 
A431 tumor cells from death after gefi t-
inib treatment, suggesting that gefi tinib 
may be a substrate for ABCG2  ( 9 ) . 
Several studies have also indicated that 
gefi tinib at concentrations of at least 
10  μ M inhibits this effl ux transporter 
 ( 10 , 11 ) . In vitro studies using HEK293 
human embryonic kidney cells transfected 
with wild-type and mutant ABCG2 dem-
onstrated that both gefi tinib and erlo-
tinib, another small-molecule tyrosine 
kinase inhibitor, are transported by 
ABCG2 at clinically achievable con-
centrations (0.1 – 1.0  μ M)  ( 12 ) . Another 
effl ux transporter protein, ABCB1 (P-
glycoprotein), has also been shown to 
interact with gefi tinib, although with 
much lower reactivity  ( 13 ) . 

 Several naturally occurring variants 
in the ABCG2 gene have been described 
that may affect the expression and/or 
function of its encoded protein  ( 14 ) . In 
particular, a functional single-nucleotide 
polymorphism (SNP) has been identi-
fi ed in exon 5 of the ABCG2 gene, in 
which a C  →  A nucleotide transition at 

position 421 (ABCG2 421C>A) results 
in a nonsynonymous variant protein 
in which a glutamine at position 141 
is changed to lysine (Q141K)  ( 15 ) . 
HEK293 cells transfected with this var-
iant demonstrate reduced transport of 
both gefi nib and erlotinib, and the pres-
ence of the variant has been associated 
with greater gefi tinib plasma accumula-
tion at steady state in patients receiving 
gefi tinib therapy  ( 12 ) . The most exten-
sively studied ABCB1 variant is a com-
mon synonymous C to T transition at 
nucleotide position 3435 in exon 26 
(3435C>T)  ( 8 ) . Although this transition 
does not change its encoded amino acid, 
this variant has been associated with 
reduced mRNA expression  ( 16 )  and 
tability  ( 17 )  in human hepatic tissue 
and may have a reduced ability to 
transport gefi tinib. A number of soma-
tic mutations in the EGFR gene have 
been identifi ed that are associated with 
increased activity of EGFR tyrosine 
kinase inhibitors  ( 18 , 19 ) , and inherited 
polymorphisms in the EGFR gene have 
been associated with altered EGFR 
expression or function  ( 20  –  22 ) . Two 
common SNPs in the EGFR promoter 
have been recently identifi ed:  − 216G>T, 
a variant in the Sp1 recognition site in 
the promoter region, and  − 191C>A, a 
variant that affects a region close to a 
transcriptional start site  ( 22 ) . A haplo-
type of these two alleles was associated 
with higher EGFR promoter activity 
 ( 22 ) . In addition, the length of a tandem 
repeat (CA)  n   in intron 1 of EGFR has 
been inversely related to EGFR mRNA 

          Affi liations of authors:  The Sidney Kimmel 
Comprehensive Cancer Center at Johns Hopkins, 
Baltimore, MD (GC, JL, MH, SDB); Division of 
Medical Oncology, Scientifi c Institute Univer-
sity Hospital San Raffaele, Milano, Italy (VG, 
A.  Spreafi co, EV); Division of Medical Oncol-
ogy, Policlinico Monteluce Hospital, Perugia, Italy 
(VL); Institute of Genetic Medicine, The Johns 
Hopkins University School of Medicine, Balti-
more, MD (RGI); Department of Medical Oncolo-
gy, Erasmus MC – Daniel den Hoed Cancer Center, 
Rotterdam, the Netherlands (JV); National Cancer 
Institute, Bethesda, MD (A. Sparreboom). 

  Correspondence to:  Sharyn D. Baker, PharmD, 
PhD, Pharmaceutical Sciences Department, St Jude 
Children’s Research Hospital, 332 North Lauder-
dale Street, Mail Stop 314, Memphis, TN 38105 
(e-mail:  sharyn.baker@stjude.org ). 

   See   “ Notes ”  following  “ References. ”   

  DOI: 10.1093/jnci/djj469  
    © The Author 2006. Published by Oxford  University 
Press. All rights reserved. For Permissions, please 
e-mail: journals.permissions@oxfordjournals.org.  

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/98/23/1739/2521913 by guest on 25 April 2024



1740 BRIEF COMMUNICATIONS Journal of the National Cancer Institute, Vol. 98, No. 23, December 6, 2006

  Table 1.       Patient characteristics and genotypes *   

Variable Value

Total enrolled 173
Evaluable for diarrhea/skin toxicity 129 (75%)/134 (77%)
Median age (range), y 67 (25 – 91)
Sex (male/female) 125 (72%)/48 (28%)
Histological classifi cation
    Adenocarcinoma 80 (46%)
    Broncholoalveolar carcinoma 15 (8.6%)
    Squamous cell carcinoma 43 (25%)
    Large-cell carcinoma 34 (20%)
    Adenosquamous carcinoma 1 (0.6%)
TNM classifi cation
    Stage 1B/IIB 2 (1.2%)/2 (1.2%)
    Stage IIIA/IIIB 3 (1.7%)/19 (11%)
    Stage IV 147 (85%)
Positive smoking history 123 of 146 evaluable (84%)
WHO  †   performance status (0/1/1) 63 (36%)/74 (43%)/36 (21%)
Median number of days on treatment   (range) 92 (5 – 989+)
ABCB1 3435C>T genotype   (CC vs. CT vs. TT) 52 (31%)/79 (47%)/38 (22%)
ABCG2 421C>A genotype   (CC vs. CA or AA) 143 (86%)/23 (14%)/1 (0.6%)
EGFR  − 216G>T genotype   (GG vs. GT vs. TT) 56 (35%)/70 (43%)/36 (22%)
EGFR  − 191C>A genotype   (CC vs. CA or AA) 129 (80%)/29 (18%)/4 (2.5%)
EGFR  − 216G>T/ − 191C>A haplotype   (non-G-C vs. other) 55 (34%)/107 (66%)
EGFR (CA)  n   genotype
    n1 + n2  ≤  35 vs. >35  ‡  111 (65%)/60 (35%)
    n1 and n2 < 18 vs. other 85 (50%)/86 (50%)

  *  Data are presented as the number of patients with the percentage of the population in parenthesis, 
unless specifi ed otherwise.  

   †   WHO = World Health Organization.  
   ‡   n1 = allele 1; n2 = allele 2; number indicates number of CA tandem repeats.  

  Table 2.       Factors potentially associated with diarrhea and skin toxicity *   

  Diarrhea   Skin toxicity

  No. evaluable   No. evaluable

Variant genotypes or clinical factors Total   Individual categories†  P  value Total   Individual categories†  P  value

ABCB1 3435C>T (CC vs. CT vs. TT) 125 43 56 26 .85 130 41 60 29 .67
ABCG2 421C>A (CC vs. CA or AA) 124 108 16 0 .0046 128 109 19 0 .99
EGFR  − 216G>T (GG vs. GT vs. TT) 119 46 46 27 .23 123 49 47 27 .093
EGFR  − 191C>A (CC vs. CA or AA) 119 93 26 0 .56 123 95 28 0 .65
EGFR  − 216G>T/ − 191C>A 
  (haplotype non-G-C vs. other)

119 40 79 .33 123 41 82 .99

EGFR (CA)  n  
    n1 + n2  ≤  35 vs. >35  ‡  127 80 47 .99 132 84 48 .26
    n1 and n2 < 18 vs. other 127 63 64 .59 132 65 67 .15
Baseline patient characteristics
    Sex (male vs. female) 129 94 35 .79 134 99 35 .10
    Smoking status (ever vs. never) 109 90 19 .30 111 91 20 .61
    Performance status (0 or 1 vs. 2) 129 112 17 .62 134 117 17 .63
    Histology (adenocarcinoma     vs. other) 129 68 61 .81 134 71 63 .99
    Time from diagnosis   ( ≤ 12 vs. >12 mo) 128 61 67 .24 133 65 68 .48
    Stage (I, II, or III vs. IV) 129 23 106 .85 134 23 111 .80
    Prior platinum as fi rst-line 
      treatment (yes vs. no)

129 91 38 .60 134 92 42 .99

    Prior chemotherapy     (0 or 1 vs.  ≥ 2) 129 77 52 .99 134 81 53 .46
    Age 129    .85 134    .60

  *  Statistical associations were evaluated with a Fisher’s exact test, except age (Mann – Whitney  U  test), using the software package NCSS version 2005  ( 26 ) . 
The total number of evaluable patients differed between groups because toxicity data were not collected completely, patients had early disease progression, and/or 
complete genotyping data were not available.  

 † Each individual category is specifi ed by the parenthetical information in the fi rst column. Some comparisons included three categories, whereas others in-
cluded only two categories, leading to empty cells.

   ‡   n1 = allele 1; n2 = allele 2.  

expression  ( 21 )  and protein levels  ( 20 ) . 
Moreover, a combined (CA)  n   repeat 
length on both alleles of 35 or less has 
been associated with greater in vitro 

sensitivity to erlotinib in head and neck 
cancer cell lines and a greater incidence 
of skin toxicity in patients with colorec-
tal cancer  ( 23 ) . 

 Here we examined the association 
between common inherited polymor-
phisms in ABCG2 and EGFR and 
 gefi tinib-related toxicity. A cohort of 173 
consecutive Caucasian patients with 
non – small-cell lung cancer (125 males 
and 48 females; median age = 67 years, 
range = 25 – 91 years) at the Scientifi c 
Institute University Hospital San Raffaele, 
Milano, Italy, and Policlinico Monteluce 
Hospital, Perugia, Italy, received treat-
ment with oral gefi tinib at a dose of 250 
mg once daily on a compassionate use 
basis until disease progression, as part of 
the Iressa Expanded Access Programme. 
Details related to patient selection criteria 
and toxicity assessments have been 
described elsewhere  ( 24 ) . The study pro-
tocol was approved by the Institutional 
Review Boards (Milano and Perugia), 
and signed informed consent was obtained 
from all patients. Genomic DNA was iso-
lated from plasma samples, and each 
patient’s genotypes for EGFR at positions 
 − 216 and  − 191, for ABCG2 at position 
421, and for ABCB1 at position 3435 
were determined by a polymerase chain 
reaction – based technique with direct nu -
cleotide sequencing (see Supplementary 
Methods, at  http://jncicancerspectrum.
oxfordjournals.org/jnci/content/vol98/
issue23 ). The association between variant 
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genotypes or patient characteristics 
and toxicity (e.g., diarrhea versus no diarrhea) 
was determined by a Fisher’s exact test. In 
view of the relatively low frequencies of 
the ABCG2 421C>A and EGFR  − 191C>A 
alleles ( Table 1 ), the heterozygous and 
homozygous variant genotypes were 
pooled in the analysis on the basis of 
predicted similarity in outcomes.     

 Clinical characteristics and geno-
types for the 173 patients are shown in 
 Table 1 . A total of 129 and 134 patients 
were evaluable for diarrhea and skin 
toxicity, respectively, after one cycle 
of treatment (2 months). Grade 1 or 2 
diarrhea occurred in 20 (16%) of the 129 
patients; one additional patient experi-
enced grade 3 diarrhea. Grade 1 or 2 
skin toxicity occurred in 84 (63%) of 
134 patients (frequency, 62.7%); one 
additional patient experienced grade 3 
skin toxicity. The associations between 
studied genotypes as well as baseline 
characteristics and toxicity are listed in 
 Table 2 . Of the 129 patients with evalu-
able data on diarrhea toxicity, genotype 
data on the ABCG2 421C>A polymor-
phism were available for 124 patients. 
This polymorphism was statistically 
signifi cantly associated with the occur-
rence of diarrhea; seven (44%) of the 16 
patients with at least one variant ABCG2 
421C>A allele developed grade 1 or 2 
diarrhea, whereas only 13 (12%) of 108 
patients carrying the wild-type sequence 
for both alleles did ( P  = .0046). The one 
patient with the homozygous variant 
genotype had no noticeable toxicity. No 
other genotypes and patient characteris-
tics were associated with diarrhea, and 
no studied variables were associated 
with the development of skin rash.     

 To our knowledge, this study provides 
the fi rst evidence that adverse events 
related to the treatment of ABCG2 sub-
strate drugs are linked to variations in 
expression and/or function of the protein 
brought on by a common functional pol-
ymorphism in the ABCG2 gene. The 
mechanism underlying the functional 
impact of the ABCG2 Q141K amino 
acid change is not entirely known, but it 
is most likely associated with reduced 
protein levels and altered ATPase activ-
ity and not with a change in localization 
of the protein  ( 14 ) . The association we 
observed between ABCG2 421C>A gen-
otype status and the observed clinical 
outcome, diarrhea, may refl ect a role of 
this transporter in the oral absorption 
and/or elimination pathways of gefi tinib. 

In a recent pharmacokinetic study, higher 
steady-state gefi tinib plasma concentra-
tions were observed in patients harbor-
ing a variant ABCG2 421C>A allele 
 ( 12 ) , and higher steady-state plasma 
concentrations were associated with the 
occurrence of diarrhea  ( 6 ) . This study 
was limited by the small sample size and 
the relatively low frequency of the 
ABCG2 421C>A variant. Never theless, 
we expect that the results  presented here 
for gefi tinib are representative for many 
other orally ingested drugs that are trans-
ported by ABCG2 [e.g., erlotinib and 
imatinib  ( 25 ) ] and that continued inves-
tigation in this area will likely have an 
impact on attempts to further optimize 
and individualize treatment regimens 
involving such agents.   
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