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ORIGINAL ARTICLE

Association of UGTIA1*28 polymorphisms with irinotecan-
induced toxicities in colorectal cancer: a meta-analysis in

Caucasians

X Liu™2, D Cheng', Q Kuang', G Liu"?**% and W Xu"*>¢

A meta-analysis in Caucasians was conducted to investigate the possible association of uridine diphosphate
glucuronosyltransferase (UGT) 1A1 gene polymorphisms with irinotecan (IRl)-induced neutropenia and diarrhoea in colorectal
cancer (CRC). We searched PubMed and Embase until May 2012 to identify eligible studies, extracted data, assessed methodological
quality, and performed statistical analysis using REVMAN 5.1 and R software. Subgroups meta-analyses were performed in groups
representing different IRl combination regimens and IRl doses. Sixteen trials were included. UGT1A1¥28/*28 genotype was
associated with more than fourfold (odds ratio (OR) =4.79, 95% confidence intervals (Cl): 3.28-7.01; P<0.00001) and threefold
(OR=3.44, 95% Cl: 2.45-4.82; P<0.00001) increases in the risk of neutropenia when compared with wild type and with at least one
UGTTA1*1 allele, respectively. UGT1A1*1/*28 genotype had an OR of 1.90 (95% ClI: 1.44-2.51; P<0.00001) for an increased risk of
neutropenia. A twofold increase in risk of diarrhoea was associated with UGT1A1*28/*28 genotype (OR = 1.84, 95% Cl: 1.24-2.72;
P =0.002). In subgroup meta-analysis, the higher incidence of diarrhoea in UGT1A1*28/*28 patients was limited to studies where
when IRl was given at higher doses (OR =2.37, 95% Cl: 1.39-4.04; P=0.002) or combined with 5-fluorouracil (FU or analogue)
(OR=1.78, 95% Cl: 1.16-2.75; P =0.009). Genotyping of UGT1A1*28 polymorphism before treatment for CRC can tailor IRl therapy
and reduce the IRl-related toxicities. IRI-combined 5-FU (or analogue) and a high-dose IRI therapy enhance IRI-induced diarrhoea

among patients bearing the UGT1A1%*28 allele. Although the toxicity relationships were much stronger with the UGT1A1%*28
homozygous variant, associations were also found with the UGT1A1*28 heterozygous variant.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer
worldwide' and frequently treated with irinotecan (IRI).? IRI-
based combination therapy demonstrated superiority in overall
response and survival as compared with 5-fluorouracil (5-FU)/
leucovorin alone® However, its use is accompanied by a
comparably high incidence of unpredictable severe toxicity.” The
main toxicities of IRl are neutropenia and diarrhoea, resulting in
dose reduction, treatment withdrawals or death.> A number of
studies have attempted to explain these toxicities by analyzing
candidate genes in the IRl pathways.®

The uridine diphosphate glucuronosyltransferase (UGT) 1A1 is
an essential enzyme involved in the complex metabolism of IRI. It
inactivates the IRl toxic metabolite 7-ethyl-10-hydroxycamptothe-
cin (SN-38) by biotransforming SN-38 into SN-38 glucuronide
(SN-38G).% There is a common and well-described polymorphism
in the promoter region of UGT1A1 gene where a variable number
of TA repeats affects gene transcriptional efficiency.” A six-repeat
allele is the most commonly identified (wild type) form; a seven-
repeat allele (designated UGT1A1*28) is associated with
dramatically reduced expression of UGT1A1, resulting in lower
SN-38 glucuronidation.®

Researchers have investigated the effect of UGT1A1*28 on the
IRI-induced toxicities in patients with CRC.>"2® However, results are
both conflicting and difficult to interpret because of small sample
sizes and associated poor statistical power. Although several
meta-analyses demonstrated the association between the
UGT1A1*28 polymorphism and IRl-induced neutropenia and
diarrhoea,”’~%° they included studies across many different
cancers rather than focusing on patients with CRC. This meta-
analysis will therefore focus on CRC alone, which will allow an
assessment of uniform regimens tied to a single clinical disease
site. Moreover, additional CRC studies have been published since
these older meta-analyses.® "3

MATERIALS AND METHODS

Retrieval of published studies

Searches were conducted for papers published before May 2012 by two
different authors (XL, WX). PubMed and Embase were surveyed by using
the search terms ‘irinotecan’, ‘UGT1A1, ‘UGT1A1 polymorphism’,
‘UGT1A1*28’, ‘colorectal cancer’, and ‘toxicity’. Furthermore, we screened
titles and abstracts to identify relevant studies. Studies in abstract form or
meeting reports, without publication of the full paper, were excluded.
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The UGT1A1%*28 polymorphism is relatively rare in Asian populations and
the prevalence of homozygous UGT1A1%28/*28 genotype is significantly
greater in Caucasians than in Asian populations3°>? To reduce the
heterogeneity among the analyzed studies, ethnic differences were
considered. However, available articles in Asian populations were of
limited small sample sizes that it was infeasible to perform stratified
analysis based on ethnicity. Thus, only studies of primarily Caucasians
populations were included in this meta-analysis.

Inclusion and exclusion criteria

Studies were included in the meta-analysis if (1) they were clinical trials or
well characterized observational data sets, (2) they explored the
association between UGT1A1*28 and IRl-induced toxicities in patients
with CRC, (3) numbers of patients with and without IR-induced
neutropenia or diarrhoea (grade Ill—IV) were provided (or could be
calculated), and (4) they were published in English. Exclusion criteria were
as follows: (1) case reports; (2) reviews and opinions; (3) allele frequency
studies; (4) studies not involving CRC patients; (5) studies that reported
general haematological or gastrointestinal toxicity instead of the more
specific neutropenia or diarrhoea; and (6) studies conducted only in non-
Caucasian populations. When different publications with overlapping
subjects were considered eligible, we only included the one with the larger
number of patients. Figure 1 summarizes the search methods and
inclusion and exclusion steps.

Data extraction

The following information was extracted from each eligible publication:
name of first author, year of publication, country, race, sample size,
age (median or mean), gender, source of population, mutation
detection method, IRl dose, chemotherapy regimens, study design,
and number of patients with IRI-induced neutropenia or diarrhoea (grade
ll—IV) in each genotype group (UGTTA1*1/*1, UGT1A1*1/*28, and
UGT1A1*28/%28).

Two or three IRI-containing regimens were administered to patients in
some studies;'>'>'%?° when possible, we analyzed the patients treated
with each regimen as a separate sample. Patients treated with different
regimens were analyzed as a single study only if separate data was not
available.

Statistical analysis

We followed the PRISMA guidelines® All statistical analyses were
performed using Review Manager (v5.1; Oxford, England) and R software
(R Foundation, Vienna, Austria; http://www.CRAN.R-project.org). Cochran’s
x* test and the inconsistency index (I*) were used to evaluate
heterogeneity across the included studies. P-values of >0.05 for the >
test indicated a lack of heterogeneity, and the fixed-effects model was
then used to calculate the summary odds ratio (OR).>* Otherwise, a
random-effects model was applied.>®> ORs and their corresponding 95%
confidence intervals (Cl) were estimated. Z-test was performed to
determine the statistical significance of pooled OR, and was considered
significant when P<0.05. We assessed potential publication bias by using

PubMed and Embase search for criterea: irinotecan/ UGT1A1/ UGT1A1
polymorphism/ UGT1A1*28/ colorectal cancer/toxicity

l Excluded (n = 66)
Studies not relevant (n = 26)
after duplicates Reviews and opinions (n = 26)
removed (n = 98) Non-English studies (n = 5)

l Animal studies (n = 2)

Records identified

Case reports (n =7)

Full-text articles
assessed for
eligibility (n = 32)

Excluded (n =16)

—¥ Relevant data was not available (n = 9)
Non-CRC patients (n = 4)

l Studies of Asian populations only (n = 3)

Full-text articles
included (n = 16)

Figure 1. Flow diagram for study selection in meta-analysis. CRC,
colorectal cancer.
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a funnel plot and Egger's test3® When the Egger's test was significant
(P<0.05), a trim and fill method was used to adjust for publication bias.”
For each outcome (neutropenia and diarrhoea), we compared the
following: UGT1A1%*28/*28 versus (vs) UGT1A1*1/*1 (equivalent to
homozygous variant vs wild type), UGT1A1*1/¥28 vs UGT1A1*1/*1
(equivalent to heterozygous variant vs wild type) and UGT1A1%28/*28 vs
all others (equivalent to a recessive genetic model).

Previous studies?’%° showed a dose-dependent relationship between
UGT1A1*28 genotypes and IRl-induced toxicities. Additionally, the co-
administration of 5-FU, a core component of many IRl-based regiments,
might enhance the haematological and digestive tract toxicities.>*® Thus,
we carried out stratified analyses in two settings: (A) whether 5-FU (or
analogue) was combined with IRI; or (B) between high/medium and low
doses of IRl In the former setting, studies were classified into two
subgroups, marked + 5FU (studies including 5-FU or a 5-FU analogue) and
—5FU (no 5-FU or analogue), respectively. For dose intensity analysis,
150mgm ~ 2 of IRI dose was set as the cutoff value between medium/high
(high IRl) and low dose (low IRI). In some studies,'?>?% the patients
received different IRl doses at different time points and only combined
toxicity-related data were available. The average dose was calculated to
classify these studies.

RESULTS
Characteristics of the studies

Figure 1 shows the process of study selection. In total, 32 full-text
studies were fully reviewed. Of these, seven did not provide
numbers of neutropenia or diarrhoea patients with different
genotypes.>*™** Two studies did not provide data for individuals’
genotypes.'*'® Four studies combined CRC patients with those
that had other cancers.**™*° Three were excluded because they
analyzed only Asian populations.>®>2 Thus, only 16 studies were
considered eligible for inclusion in our meta-analysis.

Characteristics of the included studies are summarized in
Table 1. Methodological components of study designs may be
critically important and take priority over aggregate scores in the
meta-analyses.>® Thus, we utilized a modified set of criteria to
identify methodological soundness when reporting quality of the
studies.>® The criteria considered study design, the detection
method of the polymorphisms, chemotherapy regimens, and
grading systems for toxicity (Table 1).

Of the 16 studies, 11 assessed genotype relationships with both
neutropenia and diarrhoea,”'>1>11823°25  two only for
diarrhoea,’®*® and three only for neutropenia.'®?'?2 There were
four studies that did not clearly report the race of the
participants®'>'62* put they were conducted in Europe or
America, and the UGT1A1*28 allele frequencies were similar to
Caucasians. Accordingly, the four were assigned as Caucasian
studies. Table 1 also showed four ‘mainly Caucasian’ stu-
dies.’*'3172% One'® was reported on the basis of authors’ own
description, whereas in the other three studies the percentage of
Caucasian were 86,'% 98,"” and 83%,%* respectively.

For subgroup meta-analysis, in two studies with multiple
regimens without separate data,'’?® only one or several patients
received IRI-based chemotherapy without 5-FU (or analogue).
Hence, the two studies were classified into the + 5FU subgroup.
The study by Shulman K et al."® did not provide the exact IRI-dose,
but was included in low IRl subgroup based on the authors’ own
comments. Meta-analyses of these subsets are presented in
Table 2. The results of meta-analysis are summarized in Table 3.

Association between UGT1A1*28 and severe neutropenia
UGT1A1*28/*28 vs UGTTA1*1/*1. (Presented in Figure 2 and
Supplementary Figures 1A and B) Thirteen studies compared the
risk of neutropenia between patients with a UGT1A1%28/*28
genotype and those with a wild-type genotype. Pooled data from
all studies showed that the risk of neutropenia was higher among
UGT1A1%*28/*28 patients than among those with a wild-type
genotype (OR=4.79, 95% Cl: 3.28-7.01; P<0.00001).
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Table 2. Subgroup meta-analysis categorization
Sub analyses Subgroup Regimens or IRl dose No. of identified trials
Neutropenia Diarrhoea
By 5-FU status -+ 5FU (combined with 5-FU FOLFIRI, mFOLFIRI, IFL, FLIRI, Lv5FU-IR, ~ 13°7131571821.222425  139-13,1517,18:20,24,25,26
or analogue) mIFL, CapelRI, IrFu, TEGAFIRI, XELIRI,
UFT-Lv-IRI-OX, IRI-5FU-LV, IRI-5FU
— 5FU (no 5-FU or analogue) IROX, IRI-raltitrexed, IRI-alone 3121523 41215, 20, 23
By IRI dose High IRl (medium and high dose) >150mgm 2 of IRI 92121315-18.21,22 8%1213.1517.18,20,26
Low IRI (low dose) <150mgm 2 of IRI 710-12.1623-25 6'0-12:23-25
Abbreviations: CAPe, capecitabine; IRI, irinotecan; LV, leucovorin; OX(A), oxaliplatin; TEGAF, UFT/LV; UFT, uracil/tegafur; VEGF, vascular endothelial growth
factor; XEL, xeloda; 5FU, 5-fluorouracil.
Table 3. Summary of meta-analysis
Toxicity Compared Group No. of No. of Odds ratios P-value Test for
genotype studies partici- (ORs) 95% heterogeneity
pants confidence
intervals (Cl)
P-value (%)
Neutropenia *28/*28 vs *1/*1 Total 13 1095 4.79 [3.28, 7.01] <0.00001 0.20 22
-+ 5FU subgroup 12 932 4.67 [3.11, 7.00] <0.00001 0.14 30
— 5FU subgroup 3 163 5.87 [1.97,17.42] <0.001 0.41 0
High IRl subgroup 9 764 4.64 [2.88, 7.17] <0.00001 0.06 44
Low IRI subgroup 6 331 6.37 [2.69, 10.71]  <0.00001 0.76 0
*1/*28 vs 1/*1 Total 14 1819 1.90 [1.44, 2.51] <0.00001 0.98 0
+ 5FU subgroup 13 1573 1.87 [1.39, 2.51] <0.0001 0.93 0
— 5FU subgroup 3 246 2.18 [0.91, 5.22] 0.08 0.85 0
High IRl subgroup 9 1189 1.85 [1.32, 2.58] 0.0003 0.98 0
Low IRI subgroup 7 630 2.01 [1.21, 3.34] 0.007 0.61 0
*28/*28 vs *1/*28 Total 14 2015 3.44 [2.45, 4.82] <0.00001 0.15 26
or *¥1/*1
+ 5FU subgroup 13 1740  3.40 [2.37, 4.88] <0.00001 0.14 29
— 5FU subgroup 3 275 3.70 [1.46, 9.40] 0.006 0.20 38
High IRI subgroup 9 1311 3.34 [2.21, 5.05] <0.00001 0.02 54
Low IRI subgroup 704 3.63 [2.02, 6.53] <0.00001 0.96 0
Diarrhoea *28/*28 vs *1/*1 Total 3 1122 1.84 [1.24, 2.72] 0.002 0.15 27
+ 5FU subgroup 2 913 1.78 [1.16, 2.75] 0.009 0.07 41
— 5FU subgroup 4 209 2.09 [0.83, 5.26] 0.12 0.56 0
High IRl subgroup 8 774 2.37 [1.39, 4.04] 0.002 0.31 15
Low IRI subgroup 6 348 1.41 [0.79, 2.51] 0.24 0.12 42
*1/%28 vs 1/*1 Total 13 1794 1 .20 [0.93, 1.56] 0.16 0.55 0
+ 5FU subgroup 12 1472 .19 [0.89, 1.58] 0.25 0.46
— 5FU subgroup 4 322 .28 [0.71, 2.30] 0.41 0.44 0
High IRl subgroup 8 1201 .39 [0.97, 1.98] 0.07 0.65 0
Low IRI subgroup 6 593 .02 [0.70, 1.50] 0.91 0.36 8
*28/%28 vs *1/*28 Total 13 1980 71 [1.18, 2.47] 0.005 0.29 14
or *1/*1
+ 5FU subgroup 12 1626 1.67 [1.11, 2.52] 0.01 0.17 28
— 5FU subgroup 4 354 1.85 [0.77, 4.43] 0.17 0.53 0
High IRl subgroup 8 1317 2.04 [1.23, 3.38] 0.006 0.41 3
Low IRI subgroup 6 663 1.41 [0.82, 2.43] 0.21 0.20 31
Abbreviations: FU, fluorouracil; IRI, irinotecan.

In the subgroup analysis, UGT1A1%*28/*28 genotype was found
to be associated with significantly increased risk of neutropenia in
all subgroups (Table 3). No statistical heterogeneity were detected
both in the analysis of all studies (I>=22%, P=0.20) and in all
subgroup analyses. The funnel plots were symmetric, and the
Egger’s test was not significant (P=0.75), suggesting little-to-no
publication bias.

UGTI1AT*1/*28 vs UGTIAT*1/*¥1. (Presented in Figure 3 and
Supplementary Figures 1C and D) A total of 14 studies compared

© 2014 Macmillan Publishers Limited

the risk of neutropenia among patients with the two different
genotypes. The pooled OR was 1.90 (95% Cl: 1.44-2.51; P<0.0001)
for all studies. Heterogeneity among studies was not detected
(> = 0%, P=0.76). In subgroup analysis, there were too few — 5FU
studies to compare with +5FU subgroups; the OR were
qualitatively similar between high and low IRl subgroups. The
funnel plot showed some asymmetry, and Egger's test for
publication bias was significant (P=0.046). The trim and fill
method provided the adjusted estimate of OR=1.68 (95% Cl:
1.29-2.19; P<0.0001), which was only a slight change from our
original estimate of 1.90.
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a *28/*28 *1/*1 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 +5FU
Braun 2009 2 18 12 115 14.7% 1.07 [0.22, 5.25] —
Cote 2007 a 8 5 37 4.5% 6.40 [1.20, 34.20]
Ferraldeschi 2009 2 8 5 a3 6.0% 2.53 [0.40, 16.15] - -
Glimelius 2011 5 13 6 72 5.8% 6.88 [1.70, 27.75] - -
Lamas 2012 1 o 8 59 9.6% 0.80 [0.09, 7.25] -
Martinez 2010 6 15 8 56 10.3% 4.00 [1.12, 14.32] - -
MclLeod 2010 2 11 3 a4 5.0% 3.04 [0.44, 20.91] - -
Parodi 2008 2 2 7 19 1.7% 8.33 [0.35, 198.09] >
Parodi 2008 3 a 5 13 3.0% 4.80 [0.38, 59.89]
Parodi 2008 a 5 1 17 0.5% 64.00 [3.25, 1260.65] EE—
Rouits 2004 5 7 3 31 1.6% 23.33 [3.08, 177.04] e —
Ruzzo 2008 12 15 o 59 3.7% 22.22 [5.21, 94.79] -
Shulman 2011 6 25 5 o1 8.3% 5.43 [1.50, 19.67] - -
Toffoli 2006 a 22 11 114 14.8% 2.08 [0.60, 7.26] - -
Subtotal (95% CI) 162 770 89.5% 4.67 [3.11, 7.00] S 4
Total events 58 88
Heterogeneity: Chiz = 18.48, df = 13 (P = 0.14); 12 = 30%
Test for overall effect: Z = 7.45 (P < 0.00001)
1.1.2 -5FU
Braun 2009 1 11 3 55 4.6% 1.73 [0.16, 18.40]
Massacesi 2006 1 7 1 27 1.8% 4.33 [0.24, 79.58]
MclLeod 2010 [} 11 5 52 4.0% 11.28 [2.51, 50.70]
Subtotal (95% CI) 29 134 10.5% 5.87 [1.97, 17.42] ——
Total events 8 o
Heterogeneity: Chiz = 1.79, df = 2 (P = 0.41); 12 = 0%
Test for overall effect: Z = 3.19 (P = 0.001)
Total (95% CI) 191 204 100.0% 4.79 [3.28, 7.01] S 4
Total events 66 o7
Heterogeneity: Chi? = 20.45, df = 16 (P = 0.20); 17 = 22% t t t i
Test for overall effect: Z = 8.09 (P < 0.00001) .01 0.1 1 10 100
Test for subgroup differences: Not applicable Favours experimental Favours control
~28/*28 =4/*1 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 High IRI
Braun 2009 2 18 12 115 14.7% 1.07 [0.22, 5.25] |
Braun 2009 1 11 3 55 4.6% 1.73 [0.16, 18.40]
Ccotée 2007 a 8 5 37 a4.5% 6.40 [1.20, 34.20] - -
Ferraldeschi 2009 2 8 5 a3 6.0% 2.53 [0.40, 16.15] - -
Glimelius 2011 5 13 6 72 5.8% 6.88 [1.70, 27.75] - -
Lamas 2012 1 9 8 59 9.6% 0.80 [0.09, 7.25] |
MclLeod 2010 6 11 5 52 4.0% 11.28 [2.51, 50.70] -
Parodi 2008 a 5 1 17 0.5% 64.00 [3.25, 1260.65] I ——
Parodi 2008 2 2 7 19 1.7% 8.33 [0.35, 198.09] >
Ruzzo 2008 12 15 E} 59 3.7% 22.22 [5.21, 94.79]
Toffoli 2006 a 22 11 114 14.8% 2.08 [0.60, 7.26] - -
Subtotal (95% CI) 122 642 69.9% 4.54 [2.88, 7.17] >
Total events a3 72
Heterogeneity: Chiz = 17.76, df = 10 (P = 0.06); 12 = 44%
Test for overall effect: Z = 6.51 (P < 0.00001)
1.2.2 Low IRI
Martinez 2010 6 15 8 56 10.3% 4.00 [1.12, 14.32] - -
Massacesi 2006 1 7 1 27 1.8% 4.33 [0.24, 79.58]
McLeod 2010 2 11 3 aa 5.0% 3.04 [0.44, 20.91] I
Parodi 2008 3 a 5 13 3.0% 4.80 [0.38, 59.89]
Rouits 2004 5 7 3 31 1.6% 23.33 [3.08, 177.04] e —
Shulman 2011 6 25 5 o1 8.3% 5.43 [1.50, 19.67] - -
Subtotal (95% CI) 69 262 30.1% 5.37 [2.69, 10.71] .
Total events 23 25
Heterogeneity: Chiz = 2.59, df = 5 (P = 0.76); 12 = 0%
Test for overall effect: Z = 4.77 (P < 0.00001)
Total (95% CI) 191 204 100.0% 4.79 [3.28, 7.01] >
Total events 66 o7
Heterogeneity: Chi? = 20.45, df = 16 (P = 0.20); 17 = 22% t t t {
0.01 0.1 1 10 100

Test for overall effect: Z = 8.09 (P <= 0.00001)

Test for subgroup differences: Not applicable

Figure 2.

Favours experimental Favours control

Forest plots of ¥28/*28 vs *1/*1, outcome: neutropenia. (a) (Stratified analysis based on 5-FU or analogue): + 5-FU, received 5-FU or

an analogue; — 5-FU, did not receive 5-FU or analogue. (b) (Stratified analysis based on IRI-dose): high IRI, received medium or high dose of IRI;
low IRI, received low dose of IRI. Cl, confidence intervals; FU, fluorouracil; I?, inconsistency index.

UGT1AT*28/*28 vs UGT1AT*1/*28 or UGTIAT*1/*1.

(Presented in

Supplementary Figure 3 and Supplementary Figures 1E and F)
Fourteen trials were included for this analysis. No statistical
heterogeneity was detected (I = 26%, P = 0.15) except in the high
IRl subgroup (I*=54%, P=0.02). There was no evidence of
publication bias, given the symmetrical distribution of funnel plot
and Egger’s test (P=10.77). A random-effects model was applied in
high IRl subgroup. A pooled OR of 3.42 (95% ClI: 1.65-7.09;
P =0.0009) was found, which was slightly different from the OR in
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the fixed-effects model (OR =3.34, 95% Cl: 2.21-5.05; P<0.00001).
The total and subgroup analyses all suggested an increased risk of
neutropenia in UGT1A1*28/*28 patients when compared with
patients with at least one UGT1A1*1 allele (Table 3).

Association between UGT1A1*28 and severe diarrhoea

UGT1A1%*28/*28 vs UGTI1AT1*1/*1. (Presented in Figure 4 and
Supplementary Figures 2A and B) Relevant data for this
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Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.1.1 +5FU

Braun 2009 10 77 12 115 11.4% 1.28 [0.52, 3.13] B R

Carlini 2005 2 29 o 28 0.6% 5.18 [0.24, 112.89] >

Ccote 2007 10 a4a 5 37 5.7% 1.88 [0.58, 6.11] ]

Ferraldeschi 2009 £=] 41 s a3 5.2% 2.14 [0.65, 7.03] ]

Glimelius 2011 7 51 S 72 5.8% 1.75 [0.55, 5.56] ]

Lamas 2012 £=] 32 8 59 5.5% 2.49 [0.85, 7.29]

Martine=z 2010 17 78 8 56 9.9% 1.67 [0.67, 4.20] -1

MclLeod 2010 (S 54 3 a4 4.0% 1.71 [0.40, 7.26] I

Parodi 2008 8 14 7 19 3.5% 2.29 [0.56, 9.37] ]

Parodi 2008 £=] 24 s 13 5.5% 0.96 [0.24, 3.85]

Parodi 2008 3 12 1 17 0.8% 5.33 [0.48, 59.14]

Rouits 2004 14 35 3 31 2.6% 6.22 [1.58, 24.47]

Ruzzo 2008 13 72 o 59 11.0% 1.22 [0.48, 3.10] R e

Shulman 2011 8 os 5 o1 6.5% 1.53 [0.48, 4.86] -1

Toffoli 2006 20 114 11 114a 12.3% 1.99 [0.91, 4.38] T

Subtotal (95% CI) 775 798 20.5% 1.87 [1.39, 2.51] <@

Total events 145 88

Heterogeneity: Chi= = 7.11, df = 14 (P = 0.93); I = 0%

Test for overall effect: Z = 4.17 (P < 0.0001)

2.1.2 -SFU

Braun 2009 kd 50 3 55 3.3% 2.82 [0.69, 11.58] .

Massacesi 2006 2 22 1 27 1.1% 2.60 [0.22, 30.75]

MclLeod 2010 6 ao 5 52 5.0% 1.66 [0.47, 5.88] -

Subtotal (95% CIl) 112 134 9.5% 2.18 [0.91, 5.22] i

Total events 15 o

Heterogeneity: Chi® = 0.33, df = 2 (P = 0.85); I = 0%

Test for overall effect: Z = 1.75 (P = 0.08)

Total (95% CI) 887 932 100.0% 1.90 [1.44, 2.51] ‘

Total events 160 o7

Heterogeneity: Chiz = 7.55, df = 17 (P = 0.98); I = 0% t t t 1

Test for overall effect: Z = 4.51 (P <= 0.00001) O.01 o.1 1 10 100

Test for subgroup differences: Not applicable Favours experimental Favours control
b *1/~28 *1/*1 Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.2.1 High IRI

Braun 2009 7 50 3 55 3.3% 2.82 [0.69, 11.58] ]

Braun 2009 10 77 12 115 11.4% 1.28 [0.52, 3.13] e

Ccotée 2007 10 aa I3 37 5.7% 1.88 [0.58, 6.11] -1 -

Ferraldeschi 2009 o a1 5 a3 5.2% 2.14 [0.65, 7.03] ]

Glimelius 2011 7 51 6 72 5.8% 1.75 [0.55, 5.56] ]

Lamas 2012 £=] 32 8 59 5.5% 2.49 [0.85, 7.29] T

MclLeod 2010 S 40 (= 52 5.0% 1.66 [0.47, 5.88] —

Parodi 2008 8 14 7 19 3.5% 2.29 [0.56, 9.37] ]

Parodi 2008 3 1z 1 17 0.8% 5.33 [0.48, 59.14]

Ruzzo 2008 13 72 o 59 11.0% 1.22 [0.48, 3.10] N I

Toffoli 2006 20 114 11 114 2.3% 1.99 [0.91, 4.38] T

Subtotal (95% CI) 547 6az 69.7% 1.85 [1.32, 2.58] ’

Total events 102 72

Heterogeneity: Chi® = 3.01, df = 10 (P = 0.98); I = 0%

Test for overall effect: Z = 3.60 (P = 0.0003)

2.2.2 Low IRI

Carlini 2005 2 29 o 28 0.6% 5.18 [0.24, 112.89] >

Martinez 2010 17 78 8 56 9.9% 1.67 [0.67, 4.20] -1

Massacesi 2006 2 22 1 27 1.1% 2.60 [0.22, 30.75]

MclLeod 2010 =3 54 3 aa 4.0% 1.71 [0.40, 7.26] -1 -

Parodi 2008 o 24 I3 13 5.5% 0.96 [0.24, 3.85] -1

Rouits 2004 14 35 3 31 2.6% 6.22 [1.58, 24.47]

Shulman 2011 8 o8 5 o1 6.5% 1.53 [0.48, 4.86] I e

Subtotal (95% CIl) 340 290 30.3% 2.01 [1.21, 3.34] -

Total events 58 25

Heterogeneity: Chiz = 4.53, df = 6 (P = 0.61); IZ = 0%

Test for overall effect: Z = 2.71 (P = 0.007)

Total (95% CI) 887 932 100.0% 1.90 [1.44, 2.51] ‘

Total events 160 o7

Heterogeneity: Chiz = 7.55, df = 17 (P = 0.98); I = 0% I t t i

0.01 o.1 1 10 100

Test for overall effect: Z = 4.51 (P < 0.00001)

Test for subgroup differences: Not applicable

Figure 3.

Favours experimental Favours control

Forest plots of *1/*28 vs *1/*1, outcome: neutropenia. (a) (Stratified analysis based on 5-FU or analogue): + 5-FU, received 5-FU or an

analogue; — 5-FU, did not receive 5-FU or analogue. (b) (Stratified analysis based on IRI-dose): high IRI, received medium or high dose of IRI;
low IRI, received low dose of IRI. Cl, confidence intervals; FU, fluorouracil; 12, inconsistency index.

comparison were available in 13 trials. Overall, there was an
increased risk of diarrhoea associated with the UGT1A1%¥28/*28
genotype (OR=1.84, 95% Cl: 1.24-2.72; P=0.002). The higher
incidence of diarrhoea in UGT1A1%28/*28 patients was observed
in the 4 5FU subgroup (OR=1.78, 95% Cl: 1.16-2.75; P=0.009)
and in the high IRl subgroup (OR =237, 95% Cl: 1.39-4.04;
P =0.002), but not in the other subgroups (Table 3). Heterogeneity
was not statistically significant across all studies (I>=27%,
P=0.15). There was no evidence of publication bias,
given the symmetrical distribution of funnel plot and Egger’s test
(P=0.84).

© 2014 Macmillan Publishers Limited

UGT1A1*1/*28 vs UGTIAT*1/*¥1. (Presented in Figure 5 and
Supplementary Figures 2C and D) Thirteen studies were
included in the comparison (Table 3). No publication bias was
detected in the funnel plot and Egger’s test (P=0.18), and there
was no heterogeneity noted (*=0%, P=0.55). Overall
analyses showed no statistical difference between UGT1A1*1/
*28 and UGT1A1*1/*1 patients for the risk of diarrhoea (OR = 1.20,
95% Cl: 0.93-1.56; P=0.16). In the high IRl subgroup, there
was still a slightly higher risk of diarrhoea in UGT1A1*1/*28
patients (OR=1.39, 95% Cl: 0.97-1.98; P=0.07), of borderline
significance.
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a ~28/*28 *1/*1 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 +5FU
Braun 2009 2 18 5 115 3.6% 2.75 [0.49, 15.38] ]
Carlini 2005 o 5 10 29 9.5% 0.17 [0.01, 3.36]
Ferraldeschi 2009 2 8 1 a3 0.7% 14.00 [1.09, 179.00] >
Glimelius 2011 1 13 a 72 3.4% 1.42 [0.15, 13.79]
Kweekel 2008 a 11 14 65 7.7% 2.08 [0.53, 8.14] -1 -
Lamas 2012 o ) ) 59 7.7% 0.28 [0.01, 5.22]
Marcuello 2004 7 10 7 a0 2.5% 11.00 [2.27, 53.37]
Martinez 2010 o 15 13 56 6.5% 4.96 [1.49, 16.55] - -
MclLeod 2010 a 11 10 aa 7.6% 1.94 [0.47, 8.01] -1 -
Rouits 2004 2 7 a 31 3.1% 2.70 [0.39, 18.92] I
Shulman 2011 5 25 25 o1 25.6% 0.66 [0.22, 1.95] R
Toffoli 2006 1 22 6 114 5.5% 0.86 [0.10, 7.49] -
Subtotal (95% CIl) 154 759 83.2% 1.78 [1.16, 2.75] >
Total events 37 108
Heterogeneity: Chi? = 18.50, df = 11 (P = 0.07); 17 = 41%
Test for overall effect: Z = 2.62 (P = 0.009)
1.3.2 -5FU
Braun 2009 1 11 a 52 3.8% 1.20 [0.12, 11.91]
Kweekel 2008 2 3 7 ae 0.8% 11.14 [0.89, 140.12] >
Massacesi 2006 1 7 3 27 3.1% 1.33 [0.12, 15.20]
MclLeod 2010 5 11 16 52 9.0% 1.88 [0.50, 7.05] I
Subtotal (95% CI) 32 177 16.8% 2.09 [0.83, 5.26] e
Total events o 30
Heterogeneity: Chiz = 2.06, df = 3 (P = 0.56); I = 0%
Test for overall effect: Z = 1.57 (P = 0.12)
Total (95% CI) 186 936 100.0% 1.84 [1.24, 2.72] >
Total events ae 138
Heterogeneity: Chi? = 20.53, df = 15 (P = 0.15); 12 = 27% t t t 1
Test for overall effect: Z = 3.04 (P = 0.002) 0.01 0.1 1 10 100
Test for subgroup differences: Not applicable Favours experimental Favours control
~28/*28 /%1 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 High IRI
Braun 2009 2 18 5 115 3.6% 2.75 [0.49, 15.38] ]
Braun 2009 1 11 a 52 3.8% 1.20 [0.12, 11.91]
Ferraldeschi 2009 2 8 1 a3 0.7% 14.00 [1.09, 179.00] >
Glimelius 2011 1 13 a 72 3.4% 1.42 [0.15, 13.79]
Kweekel 2008 2 3 7 a6 0.8% 11.14 [0.89, 140.12] >
Kweekel 2008 a 11 14 65 7.7% 2.08 [0.53, 8.14] -1 -
Lamas 2012 o E} ) 59 7.7% 0.28 [0.01, 5.22]
Marcuello 2004 7 10 7 a0 2.5% 11.00 [2.27, 53.37]
MclLeod 2010 5 11 16 52 9.0% 1.88 [0.50, 7.05] -1 -
Toffoli 2006 1 22 6 114 5.5% 0.86 [0.10, 7.49] -
Subtotal (95% CI) 116 658 44.6% 2.37 [1.39, 4.04]
Total events 25 73
Heterogeneity: ChiZ = 10.54, df = 9 (P = 0.31); 17 = 15%
Test for overall effect: Z = 3.15 (P = 0.002)
1.4.2 Low IRI
Carlini 2005 o 5 10 29 9.5% 0.17 [0.01, 3.36] *
Martinez 2010 £} 15 13 56 6.5% 4.96 [1.49, 16.55] -
Massacesi 2006 1 7 3 27 3.1% 1.33 [0.12, 15.20]
MclLeod 2010 a 11 10 a4 7.6% 1.94 [0.47, 8.01] - -
Rouits 2004 2 7 a 31 3.1% 2.70 [0.39, 18.92] -
Shulman 2011 5 25 25 o1 25.6% 0.66 [0.22, 1.95] I
Subtotal (95% CIl) 70 278 55.4% 1.41 [0.79, 2.51]
Total events 21 65
Heterogeneity: Chiz = 8.64, df = 5 (P = 0.12); 12 = 42%
Test for overall effect: Z = 1.17 (P = 0.24)
Total (95% CI) 186 936 100.0% 1.84 [1.24, 2.72] >
Total events a6 138
Heterogeneity: Chi? = 20.53, df = 15 (P = 0.15); 17 = 27% t t t i
0.01 0.1 1 10 100

Test for overall effect: Z = 3.04 (P = 0.002)
Test for subgroup differences: Not applicable

Figure 4.

Favours exPerimental Favours control

Forest plots of *28/*28 vs *1/*1, outcome: diarrhoea. (a) (Stratified analysis based on 5-FU or analogue): + 5-FU, received 5-FU or an

analogue; — 5-FU, did not receive 5-FU or analogue. (b) (Stratified analysis based on IRI-dose): high IRI, received medium or high dose of IRI;
low IRI, received low dose of IRI. Cl, confidence intervals; FU, fluorouracil; I?, inconsistency index.

UGT1A1*28/*28 vs UGT1A1*1/*28 or UGT1AT*1/*1. (Presented in
Supplementary Figure 4 and Supplementary Figures 2E and F)
Thirteen trials provided relevant data for this comparison (Table 3).
No statistical heterogeneity were detected (I>=14%, P=0.29).
There was no evidence of publication bias, given the symmetrical
funnel plot and Egger’s test (P=0.34). Although the pooled OR
was 1.71 (95% Cl: 1.18-2.47; P=0.005) across all studies, the
relationship was only seen in the subgroup of studies receiving
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concurrent 5FU or its analogues (+ 5FU) and in the subgroup of
studies that used a higher dose of IRI (high IRI).

DISCUSSION

Previously reported meta-analyses mainly focused on dose-
dependent associations between UGT1A1%*28 genotype and IRI-
induced neutropenia or diarrhoea. However, results from these

27-29
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Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.3.1 +5FU

Braun 2009 a 75 5 115 3.6% 1.24 [0.32, 4.77] I

Carlini 2005 10 29 10 28 6.4% 0.95 [0.32, 2.81] -1

Ferraldeschi 2009 3 a1 1 a3 0.9% 3.32 [0.33, 33.25] I

Glimelius 2011 5 51 a 72 2.9% 1.85 [0.47, 7.25] - -

Kweekel 2008 14 62 14 65 10.2% 1.06 [0.46, 2.46] - I

Lamas 2012 3 32 o 59 5.5% 0.57 [0.14, 2.29] - |

Marcuello 2004 15 as d ao a4.7% 2.36 [0.85, 6.57] 1T

Martinez 2010 23 78 13 56 10.2% 1.38 [0.63, 3.04] e

MclLeod 2010 12 54 10 aa 8.2% 0.97 [0.37, 2.52] -1

Rouits 2004 7 35 a 31 3.3% 1.69 [0.44, 6.43] ]

Shulman 2011 18 o8 25 o1 20.3% 0.59 [0.30, 1.18] - =T

Toffoli 2006 14 114 6 114 5.1% 2.52 [0.93, 6.81] T

Subtotal (95% CI) 714 758 81.2% 1.19 [0.89, 1.58] *

Total events 128 108

Heterogeneity: Chiz = 10.85, df = 11 (P = 0.46); I2 = 0%

Test for overall effect: Z = 1.15 (P = 0.25)

2.3.2 -5FU

Braun 2009 2 52 a 52 3.7% 0.48 [0.08, 2.74] - 1

Kweekel 2008 7 31 7 ae a.2% 1.63 [0.51, 5.21] ]

Massacesi 2006 53 22 3 27 1.9% 3.00 [0.65, 13.76] ]

MclLeod 2010 13 ao 16 52 9.0% 1.08 [0.45, 2.63] I

Subtotal (95% CI) 14as 177 18.8% 1.28 [0.71, 2.30] -

Total events 28 30

Heterogeneity: Chiz = 2.72, df = 3 (P = 0.44); 17 = 0%

Test for overall effect: Z = 0.82 (P = 0.41)

Total (95% CI) 859 935 100.0% 1.20 [0.93, 1.56]

Total events 156 138

Heterogeneity: Chiz = 13.63, df = 15 (P = 0.55); I2 = 0% t t ' t {

Test for overall effect: Z = 1.39 (P = 0.16) ©.01 0.1 1 10 100

Test for subgroup differences: Not applicable Favours experimental Favours control

*1/*28 *1/*1 Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.4.1 High IRI

Braun 2009 a 75 5 115 3.6% 1.24 [0.32, 4.77]1 I

Braun 2009 2 52 a 52 3.7% 0.48 [0.08, 2.74] —

Ferraldeschi 2009 3 a1 1 a3 0.9% 3.32 [0.33, 33.25] I

Glimelius 2011 5 51 a 72 2.9% 1.85 [0.47, 7.25] - -

Kweekel 2008 7z 31 7 a6 a4.2% 1.63 [0.51, 5.21] -

Kweekel 2008 14 62 14 65 10.2% 1.06 [0.46, 2.46] - I

Lamas 2012 3 32 o 59 5.5% 0.57 [0.14, 2.29] I

Marcuello 2004 15 as 7 ao a4.7% 2.36 [0.85, 6.57] 1T

MclLeod 2010 13 a0 16 52 9.0% 1.08 [0.45, 2.63] - r

Toffoli 2006 14 114 6 114 5.1% 2.52 [0.93, 6.81] T

Subtotal (95% CI) 543 658 49.7% 1.39 [0.97, 1.98] >

Total events 80 73

Heterogeneity: Chi? = 6.90, df = 9 (P = 0.65); I = 0%

Test for overall effect: Z = 1.80 (P = 0.07)

2.4.2 Low IRI

Carlini 2005 10 29 10 28 6.4% 0.95 [0.32, 2.81] -1

Martinez 2010 23 78 13 56 10.2% 1.38 [0.63, 3.04] -

Massacesi 2006 ] 22 3 27 1.9% 3.00 [0.65, 13.76] ]

MclLeod 2010 12 54 10 aa 8.2% 0.97 [0.37, 2.52] -1

Rouits 2004 7 35 a 31 3.3% 1.69 [0.44, 6.43] ]

Shulman 2011 18 os 25 o1 20.3% 0.59 [0.30, 1.18] - =T

Subtotal (95% CI) 316 277 50.3% 1.02 [0.70, 1.50] L 4

Total events 76 65

Heterogeneity: Chiz = 5.44, df = 5 (P = 0.36); 17 = 8%

Test for overall effect: Z = 0.11 (P = 0.91)

Total (95% CI) 859 935 100.0% 1.20 [0.93, 1.56]

Total events 156 138

Heterogeneity: Chiz = 13.63, df = 15 (P = 0.55); I2 = 0% t t ' t i
0.01 0.1 1 10 100

Test for overall effect: Z = 1.39 (P = 0.16)

Test for subgroup differences: Not applicable

Figure 5.

Favours experimental Favours control

Forest plots of *1/*28 vs *1/*1, outcome: diarrhoea. (a) (Stratified analysis based on 5-FU or analogue): + 5-FU, received 5-FU or an

analogue; — 5-FU, did not receive 5-FU or analogue. (b) (Stratified analysis based on IRI-dose): high IRI, received medium or high dose of IRI;
low IRI, received low dose of IRI. Cl, confidence intervals; FU, fluorouracil; 12, inconsistency index.

studies were not completely consistent. This could be a
consequence of including studies conducted across various
tumour types, as the risk of severe toxicity with IRl can vary by
disease site. Thus, the present meta-analysis assessed the
association of UGT1A1*28 polymorphisms with IRI-induced
neutropenia and diarrhoea in a single cancer site; CRC.

In this meta-analysis, the relationship between UGT1A1*28
genotypes and IRl-induced neutropenia (grade Ill—IV) was first
evaluated; patients with UGT1A1*28 allele in either heterozygote
or homozygote form were at an increased risk of neutropenia

© 2014 Macmillan Publishers Limited

regardless of the dose of IRl administrated, and regardless of
whether 5FU (or analogue) was included in the regimens. The
results from our meta-analysis of high IRI and low IRl subgroup are
consistent with the meta-analysis of Zhe-Yi H et al,*® where the
UGT1A1%*28/*28 genotype was associated with an increased risk of
neutropenia not only at high doses of IRl but also at low doses in
an analysis across various tumour types.

Unlike Zhe-Yi H et al*® we also compared the UGT1A1*28/%28 vs
UGT1A1*1/*1 (homozygous model) separately for neutropenia,
while the previous meta-analyses focused on various tumour
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types,?’?® assessing only the heterozygous and recessive models. An

important message of our study is that UGT1A1%*28/*28
homozygous patients had more than double the risk than
UGT1A1%*28 heterozygous patients (OR= 4.79 vs 1.90). Our data
support the recommendation of US Food and Drug Administration
in 2005 to warn of elevated risk of neutropenia for UGT1A1%*28/*28
patients in the IRl product label, but does not identify what the
proper clinical management should be for these at-risk patients.

The association between UGT1A1%*28 polymorphism and severe
diarrhoea, another important toxicity of IRl, was detected in CRC.
The UGT1A1*28 genotypes were significantly associated with an
increased risk of IRl-induced diarrhoea. We observed that
UGT1A1%*28/*28 patients were at an increased risk of diarrhoea
following medium or high doses of IRI, but not at low doses. A
similar result was reported in a previous meta-analysis.>® Our
observation did confirm that the IRl dose modulated the
association between UGT1A1*28 genotype and IRI-induced
diarrhoea. Our results do not suggest that receiving a second
diarrhoea-including chemotherapeutic agent (i.e, 5-FU or
analogue) modifies the relationship between UGT1A1%¥28 and
diarrhoea. In fact, there was a hint that the relationship was
stronger in the no-5-FU (— 5FU) subgroup when compared with
the + 5FU subgroup of patients. Perhaps the greater risk of overall
diarrhoea associated with 5-FU overpowered any differential
effects of UGT1A1*28 on diarrhoea.

We observed that pooled ORs for diarrhoea were much smaller
than the pooled ORs for neutropenia in all comparisons. This is
not surprising, as the risk of diarrhoea is modulated by
gut-flora-producing enzymes that activate or inactivate SN-38.>
Confounding by gut flora may have attenuated the primary
relationship. Another reason may be related to local treatment
factors in the gut, such as previous surgery and radiotherapy.
For example, local irradiation can worsen diarrhoea independent
of the UGT1A1 genotype.?®

In both neutropenia and diarrhoea, there were suggestions that
the heterozygous variant UGTT1A1*1/*28 had an intermediate
effect. By assessing the heterozygous variant separately, we are
able to suggest that when combined with other clinical factors,
even the heterozygous variant may have clinical relevance.

In Caucasian populations, the homozygous variant genotype
UGT1A1*28/*28 has been associated with Gilbert's syndrome, which
is characterized by intermittent hyperbilirubinaemia.®® With the
intention to avoid participants with Gilbert's syndrome, nine studies
excluded patients with elevated bilirubin from the trials. The
exclusion of patients with markedly pathological laboratory values
from the trial may explain why no other correlation was found.>’

There are limitations to this analysis. First, there is inherent
heterogeneity to all meta-analyses, and in the analyzed studies
different combinations of chemotherapy regimens were used, and
patients were of varied performance status. Further, there were
differences in study design, the source of population, IRl doses,
polymorphism detection methods, toxicity grade criteria, stage of
CRC, and pretreatment with other regimens. Second, articles
included in this meta-analysis were restricted to English language
publications. Articles with potentially high-quality data in other
languages were excluded because of anticipated difficulties in
obtaining accurate medical translation. This may also result in a
decreased power during our analysis. Third, not all studies
included adequate data for all subgroup comparison analyses.
Fourth, the possibility of information and selection biases cannot
be completely excluded. For example, some of these studies may
have arms where patients are not receiving IRl. We selected
patients from subgroup samples receiving IRI.

In summary, this meta-analysis provided evidence for the
association between the UGT1A1*28 polymorphism and an
increased risk of IRI-induced neutropenia and diarrhoea in CRC.
Associations with significant neutropenia were consistent and
strong. In contrast, associations with diarrhoea were weaker, and
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primarily seen when higher doses of IRl were administrated. Clinical
validity is only one step of several that determine whether a
biomarker is adopted into clinical practice. Assessment of clinical
utility is also important. Generally the combination of prolonged
severe neutropenia and/or prolonged diarrhoea provides the
greatest risk to morbidity and mortality of IRl. Whether UGT1A1*28
rises to the level of clinical utility is still unclear. It is possible that
UGT1A1 can be incorporated into a useful risk model of toxicity that
includes a panel of clinical and genetic factors. Nonetheless,
elucidating the mechanisms through pharmacogenetic association
studies will improve our understanding of the biology of drug
action and provide the basis upon which personalized medicine
can be implemented.
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