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This evidence-based review addresses the question of whether testing
for UGTI1A1 mutations in patients with metastatic colorectal cancer
treated with irinotecan leads to improvement in outcomes (e.g., irino-
tecan toxicity, response to treatment, morbidity, and mortality), when
compared with no testing. No studies were identified that addressed this
question directly. The quality of evidence on the analytic validity of
current UGT1A1 genetic testing methods is adequate (scale: convincing,
adequate, inadequate), with available data indicating that both analytic
sensitivity and specificity for the common genotypes are high. For
clinical validity, the quality of evidence is adequate for studies reporting
concentration of the active form of irinotecan (SN-38), presence of
severe diarrhea, and presence of severe neutropenia stratified by
UGTIAI common genotypes. The strongest association for a clinical
endpoint is for severe neutropenia. Patients homozygous for the *28
allele are 3.5 times more likely to develop severe neutropenia compared
with individuals with the wild genotype (risk ratio 3.51; 95% confidence
interval 2.03—6.07). The proposed clinical utility of UGT1AI genotyp-
ing would be derived from a reduction in drug-related adverse reactions
(benefits) while at the same time avoiding declines in tumor response
rate and increases in morbidity/mortality (harms). At least three treat-
ment options for reducing this increased risk have been suggested:
modification of the irinotecan regime (e.g., reduce initial dose), use of
other drugs, and/or pretreatment with colony-stimulating factors. How-
ever, we found no prospective studies that examined these options,
particularly whether a reduced dose of irinotecan results in a reduced
rate of adverse drug events. This is a major gap in knowledge. Although
the quality of evidence on clinical utility is inadequate, two of three
reviewed studies (and one published since our initial selection of studies
for review) found that individuals homozygous for the *28 allele had
improved survival. Three reviewed studies found statistically significant
higher tumor response rates among individuals homozygous for the *28
allele. We found little or no direct evidence to assess the benefits and
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harms of modifying irinotecan regimens for patients with colorectal
cancer based on their UGTIAI genotype; however, results of our
preliminary modeling of prevalence, acceptance, and effectiveness in-
dicate that reducing the dose would need to be highly effective to have
benefits outweigh harms. An alternative is to increase irinotecan dose
among wild-type individuals to improve tumor response with minimal
increases in adverse drug events. Given the large number of colorectal
cancer cases diagnosed each year, a randomized controlled trial of the
effects of irinotecan dose modifications in patients with colorectal
cancer based on their UGT1A41 genotype is feasible and could clarify the
tradeoffs between possible reductions in severe neutropenia and im-
proved tumor response and/or survival in patients with various UGT1A41
genotypes. Genet Med 2009:11(1):21-34.

Key Words: colorectal cancer, UGTIAI, pharmacogenetics, system-
atic review

INTRODUCTION

Medical disorder and treatment

Colorectal cancer (CRC) is the third leading cause of new
cancer in the United States, with about 150,000 new cases per
year. More than 55,000 deaths from CRC were expected in
2006. At least 15% of individuals with new CRC cancers
(20,000-25,000) might be candidates for irinotecan therapy.'—3
For the 70—80% of patients who present with “apparently
resectable localized disease,” optimal treatment is usually con-
sidered to be surgery followed by adjuvant therapy for high-risk
cases.> ¢ CRC patients with advanced disease at diagnosis may
receive first-line systemic chemotherapy or chemotherapy and
radiation therapy, either followed by surgery or used palliatively
if surgery is not indicated.> Fluorouracil continues to be the first
choice of drugs for use in chemotherapy and may be used in
combination with leucovorin.*¢7 However, other combination
chemotherapy regimens involving the use of irinotecan and
other drugs seem to improve the median survival over fluorou-
racil and leucovorin and are increasingly being prescribed for
first line and sequential therapy for patients with metastatic
CRC.#89

UGT enzymes and metabolism of irinotecan

Irinotecan is a topoisomerase I inhibitor that interrupts DNA
replication in cancer cells, resulting in cell death.'9-12 The
irinotecan prodrug is activated by the enzyme carboxylesterase
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to the active metabolite SN-38, which is 100—-1000 times more
cytotoxic than the parent drug.'? SN-38 is further catalyzed into an
inactive glucuronide derivative, SN-38G by several hepatic and
extrahepatic UGT enzymes. The major isozyme involved in this
catalyzation is UGT1A1, but others (UGT1A 6, 7, 9, and 10) also
have some role.!> A decrease in the level of functional UGT1A1
enzyme reduces a person’s ability to metabolize SN-38 to an
inactive form, and low UGT1A1 enzyme levels have been asso-
ciated with a higher risk for adverse reactions caused by relatively
high levels of and/or prolonged exposure to the active form of the
drug.©14 Based on available tests and the proposed clinical sce-
nario, the UGT1A1 enzyme was the focus of the evidence review
with the associated key questions contained in Table 1.

Testing for UGT1AT variants

The UGTIA gene family includes nine protein coding genes
and four pseudogenes, and encodes 13 different isoforms of the
UGTIA enzyme (UGT1A1 through UGT1A13p). The isoforms

Table 1 Key questions relating to the analytic framework

1. Does testing for UGTIAI mutations in patients with metastatic
CRC treated with irinotecan lead to improvement in outcomes
(e.g., irinotecan toxicity, response to treatment, morbidity and
mortality) compared with no testing? (Overarching question)

2. What is the analytic validity of the test(s) that identify key
UGTIAI mutations?

3. What is the clinical validity of UGT1A1 testing?

a. How well does UGT1A1 testing predict phenotypic markers
(e.g., increased plasma SN-38 levels or decreased enzyme
activity) and associated adverse drug reactions (e.g., diarrhea
or neutropenia)?

b. How well does UGTIA1 testing in patients with metastatic
CRC
predict morbidity and mortality?

c. Do other factors (e.g., race/ethnicity, other medications)
independently affect clinical validity?

4. What are the benefits and harms (clinical utility) related to
UGTIAI testing for patients with metastatic CRC treated with
irinotecan?

a. Based on UGTIA]I test results, what are the management
options for patients?

b. Do these options improve patient outcomes or management
decisions by patients or providers?

Exon 1's

result from alternative splicing of promoters and regions en-
coding substrate binding domains (multiple exon 1 sites) to
common exons 2-5 (Fig. 1).1215-20 At least 63 UGTIAI vari-
ants have been described, including single base pair changes,
frame shift mutations, insertions, and deletions in the promoter
region, five exons and two introns of the gene.?! Most are
associated with absent, reduced, or inactive enzyme; one is
associated with an increased enzyme level, and the effects of
some are unknown.

This review focuses on the more commonly tested mutations
(Table 2). The first is a two-base pair insertion (TA) in the TATA
box in the promoter region of the gene.?? The result of this
mutation is that the (TA),TAA sequence, found in the promoter of
the wild genotype UGT1A1*] allele, becomes (TA),TAA; this variant
is designated as UGTIA1*28. The (TA)sTAA (UGTIAI*36) and
(TA){TAA (UGTI1A1*37) variants are also described (Table 2), but
they are less common and less routinely tested. Other mutations
include polymorphisms in exon 1, ¢.211G>A (UGTI1A41%6), and
2.686C>A (UGTI1A41*27) (Table 2).

Because information on additional functional polymorphisms
in the promoter (e.g., —3279T>G; UGTIAI1*60) and coding
regions (e.g., 1456T>G; UGTIAI*7) of the enzyme were lim-
ited at the time of the initial review, we did not include studies
of these polymorphisms in the analysis.2>2¢ However, these
studies and others published since the initial review,2-28 have
shown that some polymorphisms are relatively common in
specific racial/ethnic groups (e.g., Asians) and may influence
metabolism of irinotecan.

Clinical scenario

As noted, the UGTIA1 *28 allele is associated with reduced
levels of enzyme. Therefore, individuals with the wild genotype
sequence (*1/*I) who have average levels of the enzyme will
metabolize SN-38 more quickly than those who are either
heterozygous (*1/*28) or homozygous (*28/%28) for this allele.
Higher or more prolonged exposure to the active form of
irinotecan is thought to explain many of the adverse drug events
associated with irinotecan use, including severe neutropenia and
severe diarrhea. Thus, if irinotecan dosage can be modified on
the basis of patients’ UGTIAI genotype, some proportion of
these adverse events might be avoided. However, a reduction in
dosage might also be associated with reduced tumor response
and/or increased morbidity.

In 2004, a change to the prescribing information2-3° in the
Camptosar (irinotecan) Injection Package Insert was announced
through an Food and Drug Administration (FDA) Center for
Drug Evaluation and Research email alert (NDA 20-571/S-024/
S-027/S-028), which stated that:
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UGT1A12
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UGT1A1

....ﬂ....{'EXUh;

... { EXORS
&
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UGT1A1 Exon 1 (TA), Promoter region

TATATATATA= (TA)s = *36
TATATATATATA= (TA)g= *1
TATATATATATATA= (TA), = *28
TATATATATATATATA= (TA); = *37

Fig. 1.

UGT1A1*6 211G>A, codon 71
UGT1A1*27 686C>A, codon 229

Schematic of the partial UGTTAT gene showing locations of the polymorphisms of interest for this review in the

exon 1 promotor region and in exon 1. First exons are alternatively spliced to common exons to produce UGT isoforms.
Adapted from Clin Pharmacol Ther. 2004;75:495-500 and Oncology (Williston Park). 2003;17:52-55.17.20
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Table 2 UGT1AT allele naming conventions, locations, and associated phenotypes

UGTIAI allele” Variant Location Enzyme activity Associated phenotype
UGTIAI*1 (TA),TAA Promoter Normal Wild type
UGTIAI*28 (TA),TAA Promoter Reduced Gilbert syndrome
UGTI1A41%*36 (TA)sTAA Promoter Increased

UGTI1A41%*37 (TA);TAA Promoter Reduced Crigler-Najjar, type 11
UGTIAI*6 c.211G>A; G71R Exon 1 Reduced Gilbert syndrome
UGTIAI*27 2.686C>A; P229Q Exon 1 Reduced Gilbert syndrome

“Allele frequencies, stratified by race, are shown in Table 4.

“...areduction in the starting dose by at least one level
should be considered for patients known to be homozy-
gous for the UGTIA1*28 allele . . . . However, the pre-
cise dose reduction in this patient population is not
known and subsequent dose modifications should be con-
sidered based on individual patient tolerance to treat-
ment.”

“Individuals who are homozygous for the UGT1A41*28 al-
lele are at increased risk for neutropenia following initiation
of Camptosar treatment. A reduced initial dose should be
considered . . . . Heterozygous patients . .. may be at in-
creased risk for neutropenia; however, clinical results have
been variable and such patients have been shown to
tolerate normal starting doses.”

Subsequently, in August 2005, the Invader® UGTI1A41 Mo-
lecular Assay (Third Wave Technologies, Inc., Madison, WI)
was cleared by the US FDA Center for Devices and Radiologic
Health under 510(k) rules for Drug Metabolizing Enzyme
Genotyping Systems.3!-32 The Invader test and other laboratory
developed UGTIAI tests are currently available from multiple
laboratories in the United States and are being marketed to
oncologists and pathologists as an aid to clinical decision mak-
ing.33:34 In its package insert,>> Third Wave Technologies, Inc.
describes the assay as follows:

..... an in vitro diagnostic test for the detection and
genotyping of the */ (TA6) and *28 (TA7) alleles of the
UDP glucuronosyltransferase 1A1 (UGTIAI) gene in
genomic DNA from whole peripheral blood as an aid in
the identification of patients with greater risk for de-
creased UDP-glucuronosyltransferase activity.”

METHODS

The purpose of this article is to provide a summary and
extend the findings of a more formal evidence report (see
Resources section). These evidence reports are to be used by the
Evaluation of Genomic Applications in Practice and Prevention
(EGAPP) Working Group (EWG) to inform the development of
formal recommendations for clinical practice.’® The methods
used to identify, review, evaluate, analyze, and summarize the
evidence are detailed in Appendix C of the original evidence
report (see Resources section). Investigators at Research Trian-
gle Institute (RTI) International were contracted by the National
Office of Public Health Genomics at the Centers for Disease
Control and Prevention to conduct the initial stage of the review
of this evidence, focusing on clinical validity and utility. RTI
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staff conducted a MEDLINE literature search (through May
2006) for studies addressing the clinical validity and utility of
UGTIAI genotyping in metastatic CRC patients treated with
irinotecan. Based on key questions and discussion with the
UGTIAI Technical Expert Panel, a list of article inclusion and
exclusion criteria was generated. Articles were also identified
by search of the references included in selected articles. RTI
reviewed abstracts and selected articles found in the search,
abstracted data into evidence tables, assessed the quality of
individual articles, and prepared a preliminary report. When the
RTI report was submitted, members of the Centers for Disease
Control and Prevention-sponsored EGAPP initiative team and
EGAPP consultants performed searches for and reviewed arti-
cles on the analytic validity of UGTIAI genotyping and on
UGTIA]1 allele/genotype frequencies, and updated the clinical
validity and utility searches through December 2006. They also
performed additional summarization and statistical analyses,
integrated the component sections, and produced a draft evi-
dence report for consideration by the EWG.

With a focus on the application of study data to specific key
questions, EGAPP reviewers assessed the quality of evidence
for the evaluation components (i.e., analytic and clinical valid-
ity, clinical utility) based on standard criteria, including study
design and conduct, consistency and generalizability of data,
and appropriateness of statistical analyses. Short summaries
were written for all individual studies included for assessment
of analytic validity, clinical validity, and clinical utility, and
included EGAPP and RTI quality ratings (see Resources sec-
tion). Feedback was sought throughout the review from the
Technical Expert Panel, other technical consultants, and the
EWG.3¢ In addition, a draft of the evidence report was sent to
nine expert peer reviewers. The report was revised in response
to comments from the reviewers and resubmitted to the EWG
along with a summary of comments and their disposition.

The focus of this report is on patients with metastatic CRC
treated with irinotecan. The analytic framework is shown in
Figure 2, with the numbers indicating the key questions shown
in Table 1. These key questions were developed by the EWG
and further refined in discussions with a Technical Expert Panel.
Key question 1 is the overarching question: “Does testing for
UGTI1A1 mutations in patients with metastatic CRC treated with
irinotecan lead to improvement in outcomes (e.g., irinotecan
toxicity, response to treatment, morbidity and mortality) com-
pared to no testing?” If direct evidence is insufficient to answer
key question 1, key questions 2 through 4 are used to elicit
intermediate information to address the overarching question
through a “chain of evidence.” In reviewing the available evi-
dence, we often used questions from the ACCE (Analytic va-
lidity, Clinical validity, Clinical utility, and Ethical, Legal and
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Fig. 2. The analytic framework: testing for UGTTAT mutations in patients with metastatic colorectal cancer (CRC) treated
with irinotecan (Camptosar). This schematic shows the analytic framework underlying the current review. The numbers

indicate the four key questions contained in Table 1.

Social implication) review framework?3” to identify and organize
the specific information needed to address the key questions.

RESULTS
Analytic validity

Identification of relevant literature

Through MEDLINE searches, we identified 17 articles that
were included in analyses (Appendix C of the original evidence
report, see Resources section). Searches of the gray literature
(e.g., unpublished reports, web sites, government documents)
identified laboratories offering UGT1A1 testing, as well as a US
FDA 510(k) summary and relevant committee reports (see
Resources section).

Analytic sensitivity and specificity

Table 3 summarizes the results of four method comparison
studies on testing for *28 (TA7) and *7 (TAG6) alleles, using
sequencing as the referent method.!$:31-383% In these studies,
genotypes for all of 190 samples homozygous or heterozygous
for *28 were correctly identified (estimated analytic sensitivity
100%; 95% confidence interval [CI] 98—100%). The homozy-
gous wild genotype (*1/*1) was correctly identified in all of 131
samples (estimated analytic specificity 100%; 95% CI 97—
100%). A 2007 study (not included in the Table 3 analysis) was
very consistent, reporting 100% concordance in 88 samples
tested by sequencing and PCR/capillary electrophoresis and the
Invader assay (*28/%28, N = 13; *28/*1, N = 46; *1/*1, N =

29).40 Very little data are available to support estimates of
analytic sensitivity for other promoter (*36, *37) and exon 1
variants (*6, *27).38

Test reproducibility and failure rates

Data on the reproducibility of Invader UGT1A1 Molecular
Assay results and assay failure rates were reported as part of the
FDA 510(k) approval process.?! Twenty blood samples (six
*1/*%1 wild genotypes, five *28/*1 heterozygotes, four *28/*28
homozygotes, and five undisclosed genotypes) were each tested
five times at three different sites (300 test results). Of the 49
initial “invalid calls” or sample failures, 40 were due to invalid
positive or negative control results, and nine to low signal
intensity. Failure rates on the first run were 9.3%, 0%, and 7.0%
for the three sites. Six samples failed again when retested (6 of
600; 1%, 95% CI 0.4-2.2%). Incorrect results were reported for
11 samples, all from one site, for an overall correct call rate of
98.8% (883/894; 95% CI 97.8-99.4%). Nine of these 11 incor-
rect results may have been sample mix ups, an example of
preanalytic errors that are also expected to occur in clinical
practice. If the erroneous results caused by sample mix ups are
excluded, the overall correct analytic call rate for the Invader
assay was 99.8% (95% CI 99.2-99.9%). In a report of Invader
testing for UGT1A1*1, *28, *6, and *27, Hasegawa et al.’®
observed failure rates of 6.7% (3 of 45) in tests of*//*I ho-
mozygotes, 10% (6 of 60) in UGT1A1*6 testing, and 21.7% (13
of 60) in UGTI1A41%*27 testing, but these relatively high-failure

Table 3 Analytic validity of UGTTAT testing for genotypes involving the *28 variant

Analytic
Sensitivity” Specificity”

Source N Test method Referent method *28/*28 *28/*1 *1/*¥1
Monaghan!® 12 Radioactive PCR Sequencing 4/4 5/5 3/3
Pirulli*0 40 DHPLC Sequencing 19/19 8/8 13/13
Hasegawa’? 60 Invader (RUO) Sequencing 4/4 11/11 42/42°
Invader3? 212 Invader (IVD) Sequencing 30/30 109/109 73/73
All 324 57/57 133/133 131/131

Overall estimate
(95% confidence interval)

100% (98-100%) 100% (97-100%)

“Test result/referent result.
"Does not include three sample failures.
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Table 4 Consensus UGT1AT allele frequencies stratified by race

Common allele frequencies
(95% confidence interval)

Other allele frequencies
(95% confidence interval)

Race Studies (patients) 28 (TAT) *36 (TAS) *37 (TAS8) #6 (211G>A) 27 (686C>A)
White 11 (2517)1920.58-66.72 0,334 (0.309-0.361) 0.003 (0.001-0.008)58:6465 0.002 (0.001-0.009)%:¢+  0.005 (0.001-0.03)60 0.00067
Asian/Asian 4 (454)58.646869 0139 (0.112-0.171) 0.000 (0.00-0.09)5864  0.000 (0.00-0.09)%864 0137 (0.10-0.17)67-6 0.023 (0.014-0.035)67.69

American”

African/African 3 (411)38.70.71
American

0.404 (0.358-0.452)%870.71 0.058 (0.039-0.085)38.70.71 (.043 (0.026—-0.070)38.70.71 0.0067 0.0067

“The estimates in this table were derived from studies that provided genotype frequency data. Two other studies reported only allele (*28, *36, *37) frequencies in small
control groups of healthy Japanese®® and African Americans/Jamaicans,%-82 estimates were consistent.
"Studies published subsequent to this review reported allele frequencies for the*6 allele among Asian control groups of 0.08 (95% CI 0.06—0.10) and 0.15 (95% CI

0.10-0.21).2871

rates may have been related to low DNA concentrations in the
samples tested.

Since we completed this review, a 2007 study compared the
failure rates for sequencing, PCR/capillary electrophoresis, and
the Invader assay in tests of 119 samples containing *7, *28,
*36, and *37 variants.#? The study’s authors reported first-run
failure rates of 5.0% for sequencing and 1.7% for the PCR/
capillary electrophoresis method, with all failures resolved by
repeat analysis. The Invader assay failed on the first and second
runs in 7.6% of samples (9 of 119; three *1/*1, two *28/*1, one
*28/*28, and three other).

Limitations

Although most data were collected using the Invader tech-
nology, other technologies are being used. In addition, these
data mainly focus on the analytic phase of testing and do not
include errors in the preanalytic (e.g., sample handling or la-
beling errors) and postanalytic (e.g., data entry or interpretive/
reporting errors) phases.*!-2 A large proportion of the data were
reported by early Invader investigators®$43 or by the manufac-
turer of the Invader kit as part of its FDA submission.?! Only
two of four studies3':3° reported that the samples were blinded
to those performing the assays, to rule out retesting to get the
“right” answer.

Clinical Validity

Identification of relevant literature

Because of the limited literature, the analysis was restricted
to nine studies, including several that allowed entry to individ-
uals with tumors other than CRC.'444-51 UGTIA1*] and *28
account for 98-99% of the UGT1A41 polymorphisms in the
white population and were the focus of most studies identified.
Studies on polymorphisms that are more commonly found in
other racial/ethnic groups (e.g., UGTIAI*6 and *27 in Asians)
were more limited. In addition, homozygosity for *28 is spec-
ified as the primary risk factor in the Camptosar (irinotecan)
package insert.2? Consequently, we chose to limit the review of
clinical validity to these common alleles for which testing is
broadly available.

UGTTAT genotypes and SN-38 levels

The metabolism of the prodrug irinotecan and its relationship
to UGT1A1 genotypes has been described earlier. One way to
assess the “exposure” to SN-38 is a ratio of the area under the
curve (AUC) for SN-38G (the inactive form of irinotecan) to the
AUC for SN-38 (the active form). Essentially, this compares the
integrated time dose exposure for the inactive form (SN-38G) to
that of the active form (SN-38). High values indicate that most

Genetics IN Medicine ® Volume 11, Number 1, January 2009

exposure is to the inactive form; low values indicate increased
exposure to the active form. The results of six published
studies?¢-45-50-52-54 showed that the AUC ratios were lowest
among individuals homozygous for *28 (*28/*28), intermediate
among those heterozygous for *28 (*1/*28), and highest among
those with the wild genotype (*1/*I). This indicates that the
highest relative exposure to the active form of irinotecan, SN-38,
occurs among the individuals homozygous for *28 (*28/*28). The
SN-38 to SN-38G AUC ratios should be viewed as an intermediate
measure of irinotecan exposure.

A more appropriate measure of exposures would include the
irinotecan dose. The biliary index (BI) is the irinotecan AUC
times the ratio of the SN-38 to SN38G AUCs. Two studies
provided the BI for cancer patients stratified by UGT1A41 geno-
type. One studied 71 CRC patients,>° the other reported on 20
patients with solid tumors, four of whom had CRC.45-35 Both
found a significant and consistent dose response in the BI from
the wild type, through the heterozygotes and homozygotes.
These data strongly indicate the highest time-weighted exposure
to the active form of irinotecan occurs in individuals homozy-
gous for *28 (*28/*%28). There were no apparent differences in
these findings between studies in whites and Asians (see Table
KQ3.1 in full evidence review, Resources section).

Irinotecan treatment regimens

Studies selected for evaluating clinical validity (and clinical
utility) did not use standardized treatment regimens. Table 5
provides a brief description of the treatment regimens used in
the studies we evaluated.!+44-51 In several studies, multiple
treatment protocols were evaluated. Because we could not ac-
count for the effect of variations in treatment regimens in
subsequent analyses, we examined the homogeneity of results to
determine whether treatment variations had a significant effect
on study results. In other words, if the analysis of a clinical
validity measure (e.g., severe neutropenia) was found to be
homogeneous within a comparison group (e.g., *28 homozy-
gotes compared with *7/*] wild genotype), it was assumed that
a given treatment regimen did not have a significant impact on
that measure.

UGTI1AT genotypes and severe diarrhea

The severity of diarrhea is graded on a subjective scale from
1 (mild) to 4 (severe or life threatening).5¢ The overall observed
rates of severe diarrhea (Grades 3 and 4) among participants in
the six studies selected for analysis**—48:51 was 24% (95% CI
19-30%). When stratified by UGTIAI genotypes, the rates of
severe diarrhea were 18% (95% CI 11-28%) among those with
the wild genotype, 27% (95% CI 20-36%) among those het-
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Table 5 Chemotherapy treatment regimens used in
studies selected for analysis

Carlini et al.>!

® Group 1 (15 patients) received 1000 mg/m* Capectabine orally twice
daily on days 2-15 of 3-wk cycle with 125 mg/m? of irinotecan (90-
min IV infusion) on days 1 and 8 of each cycle.
® Group 2 (52 patients) received 900 mg/m? Capectabine orally
twice daily for the same period with 100 mg/m? of irinotecan
(90-min IV infusion) on days 1 and 8 of each cycle.
Font et al.#*

® 70 mg/m? of irinotecan (90-min IV infusion) + 25 mg/m?
docetaxel (30-min IV infusion) on days 1, 8, and 15 followed by a
1-wk rest (28-day cycles).
Innocenti et al.'4
® 350 mg/m® of irinotecan (90-min IV infusion) once every 3 wk.
Iyer et al.#
® 300 mg/m? of irinotecan (90-min IV infusion) once every 3 wk.
Marcuello et al.#

® Regimen A: 350 mg/m? of irinotecan (45-min IV infusion) once
every 3 wk.

® Regimen B: Regime A + 3 mg/m? Tomudex in 15 min IV
every cycle.

® Regimen C: 80 mg/m? of irinotecan (45-min IV infusion) every
wk + 1 dose 2250 mg/m? 5-FU (48 min continuous infusion)
every cycle.

® Regimen D: 180 mg/m? of irinotecan (45-min IV infusion) every 2
wk + 5-FU and leucovorin.

Massacesi et al.4”

® 80 mg/m? of irinotecan (30-min IV infusion) on days 1, 8, 15,
22, and 36, 43, 50, and 57 days. 3 mg/m® of raltitrexed 2—4 hr
later (15-min IV infusion) on days 1, 22, and 45.

Rouits et al.#®
® [RIFUFOL (28 patients): 85 mg/m? of irinotecan (90-min IV
infusion) + 1200 mg/m* 5-FU (7-hr IV infusion) and 100 mg/m*
bolus L-folinic acid, each wk.
® FOLFIRI (47 patients): 180 mg/m? of irinotecan (90-min IV

infusion) + 2500 mg/m* 5-FU (continuous infusion) and 400 mg/m*
bolus L -folinic acid, biweekly.

Soepenberg et al.*

® 70 or 80 mg/m? of irinotecan given orally to fasted patients once daily
for 5 days.

Toffoli et al.>®

® Modified FOLFIRI (90% of patients): 180 mg/m? of irinotecan (2-hr
IV infusion) on day 1 + 400 mg/m?® of 5-FU bolus followed by 2,400
mg/m? of 5-FU (46-hr IV infusion) + 200 mg/m?> of LV on day 1
every 2 wk.

® FOLFIRI (10% of patients): 180 mg/m? of irinotecan (2-hr IV
infusion) on day 1 + 400 mg/m? bolus of 5-FU followed by 600 mg/
m? of 5-FU (22-hr IV infusion) on days 1 and 2 + 200 mg/m?* of LV
on days 1 and 2 every 2 wk.

erozygous for *28, and 27% (95% CI 12—-48%) among those
homozygous for *28. The analysis showed the severe diarrhea
rates between studies to be homogeneous among participants
with the same genotype (Q values of 10.4, 7.1, and 9.5; P values
of 0.1, 0.3, and 0.2). Figure 3 shows the corresponding sum-
mary risk ratios (RRs) from these studies (with the risk among
154 study participants with the wild genotype serving as the
referent category) of 1.40 (95% CI 0.94-2.08) for 155 partici-
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pants heterozygous for *28, and 1.63 (95% CI 0.64—4.14) for
41 participants homozygous for *28. The results were homoge-
neous within groupings (Q values of 3.0 and 8.5; P values of 0.7
and 0.1, respectively).

UGTTAT genotypes and severe neutropenia

Neutropenia is a decrease in the number of circulating neu-
trophils (a type of white blood cell that usually accounts for
50-70% of circulating white blood cells) and can be caused by
bone marrow suppression associated with the use of antineo-
plastic chemotherapy drugs. Because neutrophils help defend
against bacterial infections, chronic neutropenia can be life
threatening. Neutropenia is graded based on the absolute neu-
trophil count, or number of neutrophil cells per mm? (Grade 1,
1500-1999; Grade 2, 1000-1499; Grade 3, 500-999; and
Grade 4, <500 cells/mm?).56 The overall observed rate of
severe neutropenia (Grades 3 and 4 combined) among partici-
pants from the eight studies!4#>-! selected for analysis was
16% (95% CI 13-19%). When stratified by UGT1A1 genotypes,
the rates were 9.8% (6.8—14%) among those with the wild
genotype, 18% (14-23%) among those heterozygous for *28,
and 38% (22-57%) among those homozygous for *28. The
results were homogeneous within genotype (Q values of 4.5,
7.1, and 7.9, and P values of 0.7, 0.4, and 0.2, respectively).

Figure 4 shows the corresponding severe neutropenia RRs
from these studies, with the risk among participants with the
wild genotype serving as the referent category. The summary
RRs were computed using original data and a random effects
model. Summary RRs were 1.82 (95% CI 1.16-2.85) for par-
ticipants heterozygous for *28 (based on samples from 276
heterozygotes and 282 participants with the wild genotype) and
3.51 (95% CI 2.03—6.07) for those homozygous for *28 (based
on samples from 57 homozygotes and 263 participants with the
wild genotype). The RRs were homogeneous within comparison
groups (Q values of 1.2 and 5.2, and P values of 0.9 and 0.5,
respectively). Overall, these data provide clear evidence that
rates of severe neutropenia differ significantly based on the
three major UGTIAI genotypes, and that there is a dose re-
sponse relationship between the number of mutant alleles and
rate of severe neutropenia.

Clinical sensitivity and specificity of UGTTAT
genotypes as an indicator of risk for severe
neutropenia

Table 6 shows the clinical sensitivity and specificity for
severe neutropenia of UGTIAI genotyping among participants
from the eight studies included in the analysis.!4454751 A
positive UGTIAI test is defined as an individual homozygous
for the *28 allele (*28/*28), and the outcome of interest is
severe (Grade 3 or 4) neutropenia. We defined clinical sensi-
tivity as the proportion of individuals with severe neutropenia
who were homozygous for *28, and clinical specificity as the
proportion of individuals without severe neutropenia who were
not homozygous for *28. We estimated (based on a random
effects model) that the tests in these studies had an overall
clinical sensitivity of 23% (95% CI 15-34%) and an overall
clinical specificity of 92% (95% CI 90-94%).

It is also possible to compute the expected clinical sensitivity
and specificity from parameters obtained earlier in this review
as shown by the flowchart in Figure 5. The chart shows how a
theoretical population of 20,000 white metastatic CRC patients
initiating irinotecan therapy is first stratified by UGTIAI geno-
types on the basis of the consensus estimate of the *28 allele
frequency (0.334 from Table 4) and the Hardy-Weinberg prin-
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Fig. 3.

Risk ratios for severe diarrhea among cancer patients treated with Irinotecan by UGTTAT genotype from six

published studies.44-4851 The studies are listed on the x-axis, sorted by the risk ratio comparing rates in heterozygotes
(*1/*28) to wild-type individuals (*1/*7) on the left-hand side. The risk ratios for homozygotes (*28/*28) versus wild type
is the right-hand side. Bars indicate the 95% confidence interval (Cl) with the consensus estimate (All) for the two
comparison groups. The dotted line indicates a risk ratio of 1.00 (no difference). The two thin solid lines indicate the
consensus estimates for the two groups of 1.40 (95% Cl 0.94-2.08) and 1.63 (95% Cl 0.64-4.14), respectively.
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Fig. 4. Risk ratios for severe neutropenia by UGTTAT genotype from eight published studies.?445-51 The studies are listed
on the x-axis, stratified by heterozygote individuals (*1/*28) versus wild type (*1/*1) on the left-hand side and homozy-
gote individuals (*28/*28) versus wild type on the right-hand side. Two results (lyer 2002 for heterozygotes, Carlini 2005
for homozygotes) are not shown as the risk ratio could not be computed due to no observations in one or more groups.
The bars indicate the 95% confidence interval (CI) with the consensus estimate (All) for the two comparison groups. The
dotted line indicates a risk ratio of 1.00 (no difference). The two thin solid lines indicate the consensus estimates for the
two groups of 1.82 (95% CI 1.16-2.85) and 3.51 (95% Cl 2.03-6.07), respectively.

ciple. Among the 8871 patients with the wild genotype, the
baseline rate of severe neutropenia (9.8%) would result in 869
of them experiencing this adverse drug reaction. Using the RRs
of 1.82 and 3.51, the number of adverse reactions in the indi-
viduals heterozygous and homozygous for *28 can also be
computed. The expected clinical sensitivity and specificity of
24% and 91%, respectively, agree closely with the consensus
rates of 23% and 92% computed from published observations
(Table 6). The corresponding positive predictive value derived
from Figure 5 is 52% (767/1464) and the negative predictive
value is 86% (1 — (869 + 1603)/(8871 + 8898)).

Limitations

Nearly all of the clinical validity information was collected from
populations consisting of non-Hispanic whites. When studies did
include people of other racial/ethnic groups, the results were not
stratified by race/ethnicity. Treatment protocols (including irinote-
can dosage, method of delivery, and frequency of treatment) varied

Genetics IN Medicine ® Volume 11, Number 1, January 2009

widely both within- and between-studies, and these variations
could affect both the overall rate of adverse events and the RRs for
specific adverse events. Although we did not find strong evidence
of such an impact, most studies contained too few subjects to be
confident. Some studies reported adverse events after the first cycle
of treatment, others after the completion of treatment, and still
others provided both. Although one study showed that adverse
events among patients homozygous for the *28 allele most often
occurred in the first cycle of treatment,>° not enough studies pro-
vided clinical outcomes at both times to allow for a meaningful
subanalysis by treatment time. Several studies included patients
who had cancer at sites other than the colon. However, we could
not determine the impact of including these studies, because none
of the studies stratified their results by cancer site. Lastly, several
studies included patients with less common genotypes. However,
because these patients were always included in larger groupings, it
was not possible to combine results for patients with these geno-
types across studies.
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Table 6 Clinical sensitivity and specificity of UGTTAT genotyping for severe neutropenia

Study True positive False negative True negative False positive Sensitivity (%) Specificity (%)
Carlini 20055 0 2 59 5 0 92
Innocenti 20044 4 5 48 2 44 96
Tyer 20024 2 0 18 2 100 90
Marcuello 200446 4 18 73 6 18 92
Massacesi 200647 1 3 52 6 25 90
Rouits 200448 4 10 59 3 29 95
Soepenberg 20054 0 1 21 1 0 95
Toffoli 200650 4 33 195 18 11 92
All? (95% confidence interval) 23 (15-34) 92 (90-94)
“Using a random effects model.
Metaslatic Colorectal Cancer
20,000
UGT1A1{"11"1) UGT1A1("1128) UGT1A1{"28"28)
8,871 8,989 2231
v v v v v v
Neulropen: No pen Neulropenia No neutropenia Neulropent No pen
869 8,002 1,603 7,386 767 1,464

Clinical sensitivity = 767 7 (869 + 1 603 + 767) = 23.6%
Clinical specificity = (8,002 + 7,386) f (8,002 + 7,386 + 1 464) = 91.3%

Fig. 5.

Flow diagram showing the derivation of clinical sensitivity and specificity of UGTTAT genotyping to identify severe

neutropenia in a hypothetical cohort of 20,000 white individuals with metastatic colorectal cancer. The clinical sensitivity
and specificity are derived using previously reported parameters (e.g., allele frequency, risk ratios), stratified by UGTTAT
genotype. Overall, the clinical sensitivity is 24% with a specificity of 91% (false positive rate of 9%).

UGTI1AT allele frequencies by racial group

The pharmacokinetics of irinotecan does not seem to differ
based on gender or race. However, clinically relevant UGT1A41
alleles and genotype frequencies do differ by race/ethnicity.
Table 4 shows estimated UGTIAI *28, *36, *37, *6, and *27
allele frequencies among people of white, Asian, and African
descent. Estimates of allele frequencies for the *28 allele are
based on 11 studies in white populations,!8-19-57-66 four studies
in mixed Asian and Asian American populations,38-63.67.68 and
three studies in African and African American popula-
tions.57-69.70 Fewer studies reported on allele frequencies of the
less common alleles (*36 and *37 promoter alleles; *6 and *27
polymorphisms) in whites,57-59:63.64.66. Agjans28-57:63.66-68.71 and
people of African descent.37:06:69.70 Differences between allele
frequencies by racial groups are clear, including statistically
higher frequencies of *36 (TAS) in African/African American
populations,37:¢%-70 and of *6 in Asian populations.28.66-68

UGTT1AT genotypes and tumor response

Three studies provided information on tumor response, strat-
ified by UGT1A1 genotype.*+>%31 One study** found a higher
rate of stable or partially responsive tumors among *28 het-
erozygotes and homozygotes combined than among patients
with the wild genotype (RR of 1.6; 95% CI 0.8-3.0). The two
other studies>*-! defined a responsive tumor as “partial or
complete response” and provided sufficient data to examine
response rates by UGT1A41 genotype. Summary results from the
two other studies>*->! showed tumor response rates of 41%
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(95% CI 33—40%) among patients with the wild genotype, 47%
(95% CI 33—-63%) among *28 heterozygotes, and 70% (95% CI
40—84%) among *28 homozygotes. The results were homoge-
neous within genotype (Q values of 0.2, 2.2, and 0.6, and P
values of 0.6, 0.1, and 0.4, respectively). Figure 6 shows an
analysis of the tumor response rate (as defined in the studies)
versus UGTIA1 genotype, with individuals having the wild
genotype used as the referent category.’®->! Overall, the *28
heterozygotes had a nonsignificantly higher response rate (RR,
1.09; 95% CI 0.83—1.43), and *28 homozygotes had a signifi-
cantly higher response rate (RR, 1.70; 95% CI 1.24-2.33; P =
< 0.001). The studies were homogeneous within genotype (Q
values of 0.4 and 0.8, and P values of 0.6 and 0.8, respectively).

UGTTAT genotypes and mortality

Two of the three studies providing information on tumor
response among patients treated with irinotecan also pro-
vided some information about mortality.*45° The other
study*® provided information only on survival. It was not
possible to combine the information from these three studies
in a formal analysis. Instead, the findings are summarized in
Table 7. The data from Font et al.*4 are for combined
heterozygotes and homozygotes, and all patients had lung
cancer. The data from Toffoli et al.>* compare homozygotes
(and heterozygotes) with the wild type, and all patients had
CRC. The data from Marcuello et al.#¢ include 95 patients
with CRC and represent combined heterozygotes and ho-
mozygotes. None of the differences were statistically signif-
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Fig. 6. Risk ratios for tumor response by UGT1AT geno-

type from two published studies.50.51 The studies are listed
on the x-axis, with the risk ratios for heterozygote individ-
uals (*1/*28) versus wild type (*1/*1) on the left hand side,
and the risk ratios for homozygote individuals (*28/*28)
versus wild type on the right hand side. The bars indicate
the 95% confidence interval (Cl) with the consensus esti-
mate (All) for the two comparison groups. The dotted line
indicates a risk ratio of 1.00 (no difference). The two thin
solid lines indicate the consensus estimates for the two
groups of 1.09 (95% Cl 0.83-1.43) and 1.70 (95% ClI
1.24-2.33), respectively.

Table 7 Mortality-related outcome data from studies of
cancer patients treated with irinotecan, stratified by
UGTTAT genotype

Study Outcome measure Finding

Font et al.*4 Time to progression 3 mo (*1/*1) vs. 4 mo (other”)

Median survival 8 mo (*1/*1) vs. 11 mo (other)
21% (*1/*1) vs. 41% (other)
14% (*1/*1) vs. 31% (other)

32 mo (*¥1/*1) vs. 24 mo
(other!)

0.81 (95% CI 0.45-1.44)
(¥28/%28 vs. *1/%1)

0.84 (95% CI 0.58-1.21)
(¥1/%28 vs. *1/%1)

613 days (*1/*1) vs. 686 days
(¥28/%28)

613 days (*1/*1) vs. 669 days
(*1/%28)

“Other includes both heterozygotes (*1/*28) and homozygotes (*28/*28).

1 yr survival
2 yr survival

Marcuello Median survival

et al.4®
Toffoli et al.’¢ Hazard ratio
Hazard ratio

Median survival

Median survival

icant. Findings from two studies*+3° were in the direction of
improved survival for *28 homozygotes versus nonwild ge-
notype patients, whereas the third reported a survival advan-
tage for the wild genotype individuals.4¢
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Clinical Utility

Options for modifying patient care

There is insufficient information for the less common geno-
types to provide clear options for patient management. For CRC
patients who have the common *28 polymorphism, the three
main options for modifying patient care have been summarized
and discussed.”?

o Modify the irinotecan regimen: The Camptosar (irinote-
can) package insert provides suggested modified (reduced)
dose levels (mg/m?) for two single-drug regimens of
Camptosar (125 mg/m* weekly and 350 mg/m* every 3
weeks).29 It states that a reduction by one dose level may
be considered for patients 65 years or older, those having
low performance status, or those with increased bilirubin
levels; reduction in starting dose by at least one level
“should be considered for patients known to be homozy-
gous for the UGT1A1*28 allele.” However, the package
insert also notes that “the appropriate dose reduction in this
patient population is not known.”

Use other drugs: Newer drugs (e.g., cetuximab, bevaci-
zumab) can be substituted in a variety of regimens that
vary the combination of drugs, as well as the doses, sched-
ules, and duration of infusion for each drug.

Treat patients with colony-stimulating factors before the
first cycle of chemotherapy to prevent the occurrence of
febrile neutropenia: Such treatments, which cost 2-3000
dollars per dose, are currently recommended by the Na-
tional Comprehensive Cancer Network for patients with a
20% or greater risk of febrile neutropenia.”® Although *28
homozygous patients have a 36% risk of severe neutrope-
nia, the proportion associated with fever is unknown. This
pretreatment and monitoring of white cell counts might be
an acceptable alternate indicator of acceptable dosing.

Additionally, treatment options need to be placed in the context
of overall care. The choice of treatment for CRC patients should
also reflect the level of risk for various adverse effects that they
consider to be acceptable. Thus, the UGT1A1 test may be useful
to identify *28 homozygous patients who may prefer a treat-
ment with low risk of toxicity even if it may not be as effective
in fighting their cancer, whereas the testing may not be as useful
for those seeking aggressive therapy and willing to accept risk
of higher toxicity. Decisions about testing may also be based on
the specific planned regimen and dosing. McLeod” has pro-
posed that, unless patients receive irinotecan at a dose >150
mg/m? (either alone or in combination with a myelotoxic drug)
or irinotecan >100 mg/m” in combination with another mar-
row-toxic agent (e.g., oxaliplatin), their increased risk for tox-
icity is “neither statistically nor clinically significant” and test-
ing may not be warranted.

Will reduction in the irinotecan dose reduce patients’
risk of having a severe drug-related adverse event?

Based on the clinical validity and additional information on
the pharmacokinetics of irinotecan, it is biologically plausible
that a reduced initial dose in *28 homozygous patients could
result in a reduction in severe neutropenia. However, no studies
(with or without randomization) have genotyped patients before
their first treatment, modified starting dosages, and then com-
pared the clinical outcomes (e.g., severe neutropenia, tumor
response) based on these modified dosage with outcomes
among patients receiving a standard dose. Currently, reducing
the irinotecan dosage in subsequent cycles is the standard
method of avoiding additional instances of neutropenia. For
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example, Toffoli et al.>° have shown that reducing dosage from
180 mg/m? to between 90 and 150 mg/m? in all individuals
having neutropenia reduced the rate of neutropenia in *28
homozygotes in subsequent cycles. They reported that the odds
ratio (OR) for neutropenia among *28 homozygotes patients
relative to the wild genotype dropped from 8.6 (95% CI 1.3-57)
after the first cycle to 2.0 (95% CI 0.6-7) after the end of
therapy on lower doses (2—6 cycles). However, they also found
that the point estimates for tumor-related morbidity and mor-
tality were lower among *28 homozygous patients (and to a
lesser extent heterozygous patients), possibly due to the effects
of “over-dosing.” Thus, the reduced drug metabolism rate
among these patients in these two groups (i.e., slower inactiva-
tion of SN-38) that may cause the increased rate of severe
adverse drug events (harm) is possibly also responsible for the
apparent increase in tumor response and improved survival
(benefit).

Comparing the benefits and harms

The proposed benefit of testing metastatic CRC patients for
UGTI1A1 genotype is that the risk for adverse drug-related side
effects (e.g., severe neutropenia) among patients found to be
homozygous for the *28 genotype (and to a lesser extent for
those found to be heterozygous) can be reduced by lowering
their initial and/or subsequent doses of irinotecan. The concom-
itant harm is that reduction in irinotecan dosage many also
reduce the effectiveness of chemotherapy in tumor suppression
and long-term survival.

To compare these competing effects, we used a model
(shown in Table 8) that incorporates estimates of the effect of
reducing the initial irinotecan dosage given to *28 homozygous
CRC patients on the number of severe neutropenia episodes
avoided and on the number of additional CRC tumors nonre-
sponsive to treatment. The numbers are based on the hypothet-
ical population shown in Figure 5, with results shown for
projections of the effectiveness of an irinotecan dose reduction
from 20% to 100%. Effectiveness of 100% means that the rate
of severe neutropenia among *28 homozygous patients receiv-
ing the reduced dose will be equivalent to that among patients
with the wild genotype receiving the full dose. From the liter-

ature, that rate is expected to be about 9.8%. The number
needed to test shown in Table 8 indicates the total number of
cancer patients that would need to be genotyped (and have
reduced dose in all found to be *28 homozygotes) to avoid one
case of severe neutropenia in a homozygous patient. Our cal-
culations assume that the reduced dose will cause homozygotes
to have the same tumor response rate as individuals with the
wild genotype. This may be an oversimplification of the model,
as response rates seem to also be dose dependent.

As an example, consider that reducing the irinotecan dose
among *28 homozygous individuals is 100% effective in reduc-
ing excess neutropenia (Table 8, row 1). How many excess
events might be avoided among a hypothetical population of
20,000 whites. A total of 2231 homozygotes (Fig. 5) would
occur and with a background rate of 9.8% for severe neutrope-
nia, 219 events would occur if homozygotes had the same rate
as wild-type individuals. Because the RR for severe neutropenia
among homozygotes is 3.51 (Fig. 4), the actual number would
be expected to be 767 or 548 more than the baseline of 218
events. The number needed to test to avoid one individual with
severe neutropenia would be 20,000 tests divided by 548
avoided severe neutropenia events or 36 (Table 8, Column 4).
The number of nonresponsive CRC tumors among homozygous
individuals (*¥28/*%28) receiving a reduced dose is considered a
constant (647) and is computed as follows. The baseline re-
sponse rate in wild-type individuals is 41%, and the observed
response rate for homozygotes is 1.70 times higher, or 69%
(Fig. 6). Thus, there were originally 1539 responsive tumors
among the homozygotes (0.69 * 2231), but only 892 might still
be responsive with a reduced dose (0.40 * 2231). This is a drop
of 647 responsive tumors. These 647 additional nonresponsive
tumors (harms) can be compared with the avoidance of 548
cases of neutropenia (benefits) and result in an OR of 647:548
or 1.2:1 (Table 8, Column 5).

An alternative approach to comparing the benefits and harms
would be to compare number of nonresponsive CRC tumors to
the number of deaths resulting from severe neutropenia. An
estimated 1 in 110 cases of severe neutropenia might result in
death in individuals receiving irinotecan as a first-line treat-
ment,”>~77 and the ratio of nonresponsive tumors to avoided

Table 8 Preliminary estimates of the clinical utility of testing metastatic CRC patients for UGTTAT polymorphisms:

Benefits and harms among UGTTAT*28 homozygotes

Number Additional

Effectiveness of Projected Cases needed to test nonresponsive CRC
irinotecan dose reduction in Total number of of neutropenia to avoid one case tumors: case of
preventing neutropenia (%) neutropenia cases avoided of neutropenia neutropenia avoided
100 219 548 36 1.2:1

90 274 493 41 1.3:1

80 328 439 46 1.5:1

70 383 384 52 1.7:1

60 438 329 61 2.0:1

50 493 274 73 2.4:1

40 548 219 91 2.9:1

30 603 164 122 3.9:1

20 658 109 183 5.9:1

10 713 54 370 12:1
30 © 2009 Lippincott Williams & Wilkins
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events of severe neutropenia (last column in Table 8) could be
converted to this measure by dividing the right-hand side by
110. For example, using the numbers in Row 1, the OR of
nonresponsive tumor versus death resulting from severe neutro-
penia change from 647:494 to 647:(494/110) or about 140:1.
According to the very preliminary analysis reported in Table 8,
it seems that at high rates of effectiveness (70—100%), each
avoided case of neutropenia is associated with one nonrespon-
sive tumor. At lower rates of effectiveness (20—50%), there are
likely to be 2—5 times as many nonresponsive tumors as avoided
cases of severe neutropenia.

Might individuals with the wild genotype be
underdosed?

Given some limited evidence that individuals homozygous
for *28 have improved survival’? (Table 7), it is possible that
individuals with the wild genotype are underdosed. Original
Phase 1 studies did not stratify patients by UGT1AI genotype
and, therefore, higher doses may be well tolerated by wild
genotype individuals (*7/*1). Preliminary data from new Phase
I dose-escalation trials with patients stratified by genotype have
been recently published (see Resources section).”8—-80

Limitations

In general, the same problems with studies of clinical validity
are applicable to clinical utility. The study populations were
mainly non-Hispanic whites, treatment regimens varied widely,
patients with rare genotypes were grouped with patients with
common genotypes, and patients with cancers other than CRC
were included in some studies. As a result, the modeling of the
benefits (reduction in risk for severe neutropenia) and harms
(reduction in treatment effectiveness that may occur among
patients homozygous for *28 whose irinotecan treatment dose is
reduced) is based on weak evidence that is, in the case of harms,
nonsignificant. These limitations underscore the need for cau-
tion in interpreting the results and indicate the need for further
study.

Recent information

Since the formal literature search, one additional trial®! has
been reported that would have been included in the analysis of
clinical validity and clinical utility. Specifically, that study
found a higher rate of severe neutropenia among patients ho-
mozygous for *28 (RR, 5.4; 95% CI 2.4—12) but no difference
among *28 heterozygous patients (RR, 0.8; 95% CI 0.2-2.8).
The study reported little or no relationship between patients’
UGTI1A1 genotype and risk for severe diarrhea. This study

found an improved rate of survival among patients homozygous
for *28 (P = 0.06).

In another study published since the initial review, Hoskins et
al.82 conducted a meta-analysis that provided more evidence for
an association between irinotecan dose and risk of irinotecan-
related Grades 3—4 neutropenia. On the basis of commonly used
treatment regimens, irinotecan dose levels were stratified into
three groups low (<150 mg/m?), medium (150250 mg/m?),
and high (>250 mg/m?). They reported a statistically significant
association between genotype and hematologic toxicity at me-
dium and high doses of irinotecan, with ORs of 3.22 for *28
homozygotes versus *28 heterozygotes (95% CI 1.52—6.81,
P = 0.008), and 27.8 for *28 homozygotes versus wild geno-
type (95% CI 4.0-195, P = 0.005). They did not find these
associations at low doses (OR = 1.80; 95% CI 0.37-8.84; P =
0.41).

All of these findings are consistent with those reported in the
main body of the review and strengthen the findings of the
existing evidence review.

DISCUSSION

Quality of evidence

Figure 7 summarizes the quality of evidence for the key
questions (Table 1). We rated the quality of evidence as ade-
quate for the analytic validity of the common UGT1AI variant
*28, as there are two or more relatively high quality studies
providing consistent results. However, the number of challenges
do not allow for a confident estimates of the analytic sensitivity
and specificity of the tests, even though the point estimates were
high. Lastly, the data are restricted mainly to the analytic phase
of testing. There are little or no data to estimate the analytic
validity of tests for the less common UGTIAI variants.

We also rated the quality of evidence for the association of
the *28 variant with the active form of irinotecan (SN-38),
severe diarrhea and severe neutropenia as adequate, based on a
systematic review of lower quality studies for these three out-
come measures. Little or no data are available to examine these
three outcomes with respect to the less common UGTIA1
variants. Although it remains plausible, the evidence was inad-
equate to prospectively examine whether an initial reduction in
irinotecan dosage in CRC patients homozygous for *28 was
associated with a reduced risk for severe neutropenia. Little or
no data are available to allow a direct, prospective comparison
of the possible benefits and harms association with dosage

Analytic Validity Clinical Validity Clinical Utility
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[ Common UGTIAT variant *28 ] UGTIAT"28 and severe [ Benefit (reduction in severe
diarhea ial

Harm (increase in non-
responsive ttmors)
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Fig. 7. Graphic display of the quality of evidence for selected components of the current evidence review. For analytic
validity, clinical validity, and clinical utility, each of the main components of the evidence review is represented by the text
within a box. The quality of evidence is shown by the shading (no shading, inadequate; light shading, adequate; dark
shading, convincing).
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reduction, but the previous modeling suggests further studies
are warranted.
Important gaps in knowledge are as follows:

e There seems to be a clear relationship between UGT1A41
genotype and severe neutropenia (and some evidence of a
relationship with severe diarrhea), but there is no direct or
indirect (chain of evidence) evidence to support the clini-
cal utility of modifying an initial and/or subsequent dose of
irinotecan in patients with metastatic CRC as a way to
change the rate of adverse drug events (e.g., severe neu-
tropenia).

e Even if adverse drug-related events were reduced, this risk
reduction may come at the expense of a reduction in tumor
responsiveness in *28 homozygotes, leading to an overall net
harm.

e The data on the clinical validity of tests for UGTIAl
variants other than *28 are limited.

e The analytic validity of UGTI1A1 testing in clinical prac-
tice is unknown. Laboratories offering such testing may
include variants in addition to *28 for which little evidence
is available.

e Pre- and postanalytic errors in UGTIAI testing have not
been reported, but the rate of such errors is likely to be
similar to that reported for other genetic tests done in
high-complexity laboratories.*!#> A new external profi-
ciency testing program jointly offered by the American
College of Medical Genetics and the College of American
Pathologists is likely to provide important evidence about
the analytic validity of UGT1A1 testing in clinical settings.

e There are limited data on UGTIA1 variants in Hispanic
and African American populations.

o If UGTIAI testing were recommended for routine use in
clinical practice, additional studies would be needed to
understand the potential effects of alleles that are rare in
whites but more common in other racial/ethnic groups
(e.g., *6 in Asians), and testing panels would need to
include all variants of clinical significance in the popula-
tion to be tested.

Research agenda

Analysis of data from the American College of Medical
Genetics and College of American Pathologists proficiency
testing program will provide needed information about the
analytic validity of UGTIA1 tests offered for clinical use. How-
ever, additional studies concerning the clinical validity of tests
for the less common UGTIAI variants are needed. Given the
rarity of these genotypes, these studies will need to include large
numbers of subjects receiving treatment. This is feasible, how-
ever, because metastatic CRC is relatively common, as is che-
motherapy with irinotecan. The most appropriate way to collect
the evidence needed to document whether, or how, to modify
irinotecan dosage for patients with particular UGTI1A41 geno-
types is to mount prospective studies (preferably including
randomized trials) comparing outcomes among patients who
receive targeted doses of irinotecan versus outcomes among
those who receive doses currently recommended for all CRC
patients. Such a study should be considered ethical, as it is not
known whether the supposed benefits outweigh the possible
harms. There are sufficient numbers of subjects for recruitment
to be completed in a relatively short period of time.
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