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because patients without UGTIAI*28 or *6 do experience
severe irinotecan toxicity. Several studies have examined asso-
ciations between irinotecan toxicity and UGTIA haplotypes in
addition to each genotype of UGTIA (17-19). However, deter-
mining the haplotype or diplotype for each patient is difficult;
moreover, most haplotypes and diplotypes are too rare to
constitute a group large enough for meaningful statistical
analysis. Moreover, gender and age of patients each reportedly
have an impact on irinotecan toxicity (20-22). Hence, these
factors should be also taken into consideration when devel-
oping a system designed to predict irinotecan toxicity.

The aim of this study was to evaluate whether the combi-
nations of UGTIA genotypes, but not haplotypes, together
with patient characteristics might be useful in predicting the
risk to patients with mCRC treated of irinotecan-containing
regimens. Here, we investigated the genotypes of 123 patients
at six loci: UGTIAI*6 (211G>A, rs4148323), UGTIAI*28
(TA>TA,, 1s8175347), UGTIAI*60 (-3279T>G, rs4124874),
UGTIA7 (387T>G, rs17868323), UGTIA7 (622T>C,
rs11692021), and UGTIA9*1b (-118Ty>T),, rs35426722, also
called UGTIA9%22) (23). Next, we evaluated the contribu-
tion of each UGTIA genotype, haplotype, and diplotype to
the risk of irinotecan toxicity. Furthermore, we developed a
new system for predicting the risk that a patient will experi-
ence irinotecan toxicity; this system uses sequential forward
floating selection (SFFS) algorithm based on statistical pattern
recognition to select the combinations of UGTIA genotypes,
gender and age. SFES is a sequential search method character-
ized by a dynamically changing number of features included
or eliminated at each step of an individual analysis (24). This is
the first study conducted to assess the role of the combination
of genotypes at six polymorphic sites in UGTIA and clinical
features constructed by SFFES on the risk of irinotecan toxicity.

Materials and methods

Patients. In this study, 123 mCRC patients were examined
for association between UGTIA genotypes and irinotecan
toxicity (Table I). This study was performed as an ancillary
investigation; data collected from three prospective studies
[FLIGHT!1 (5), FLIGHT2 (5) and FRUTIRI (6)] and from
consecutive patients who received FOLFIRI at the Department
of Digestive Surgery and Surgical Oncology, Yamaguchi
University Graduate School of Medicine, Japan. Each partici-
pant received irinotecan at the dose of 150 mg/m?, which has
been approved in Japan.

FLIGHT!1 (UMIN000002388) and FLIGHT2
(UMINO000002476) were phase II studies of first line and
second line chemotherapy, respectively, for mCRC. Study
designs and key eligibility and exclusion criteria have been
described in detail (5,25,26). Briefly, each regimen consisted
of irinotecan on day 1 +400 mg/m? fluorouracil bolus followed
by 2,400 mg/m? fluorouracil continuous infusion during
46 h + 200 mg/m? leucovorin on day 1 every 2 weeks. Of all
patients from the FLIGHT1 and FLIGHT? studies, 38 and 35,
respectively, participated in this ancillary investigation and use;
these 73 patients constituted the training population. FLIGHT1
or FLIGHT?2 patients homozygous for UGTIAI*28 were
excluded from the training population because these patients
received a lower starting dose of irinotecan (100 mg/m?) (5).

TSUNEDOMI et al: NEW PREDICTION SYSTEM FOR THE TOXICITY OF IRINOTECAN

The validation population comprised 50 patients from
two different study groups: 22 patients who participated
in FRUTIRI (UMIN0O00005011), a phase II study of a
combination therapy comprised irinotecan and 5'-deoxy-5-flu-
orouridine (5'-DFUR) (6) and 28 consecutive patients who
underwent second-line FOLFILI treatment between October,
2008 and July, 2012 in the Department of Digestive Surgery
and Surgical Oncology, Yamaguchi University Graduate
School of Medicine, Japan. Detail treatment regimen tested
in FRUTIRI was described previously (6). Briefly, irinotecan
was administered every two weeks, and 400 mg 5'-DFUR was
administered every week orally twice a day on five consecu-
tive days that were followed by a weekly 2-day washout. The
28 consecutive patients undergoing FOLFIRI treatment were
following the protocol used in FLIGHT?2 (26). In a validation
population, patients with UGTIAI*28 homozygous were not
found in the FRUTIRI study (n=28). Additionally, patients
heterozygous for UGTIAI*28 (n=6) were excluded from the
FRUTIRI study because these patients received lower starting
dose of irinotecan 70 mg/m?. Among the 28 consecutive
patients who received second-line FOLFILI therapy, homozy-
gous for UGTIAI*6 or *28 and those compound heterozygous
for UGTIAI*6 and UGTIAI*28 been excluded from this
ancillary study. The training (n=73) and validation (n=50)
populations did not differ significantly with regard to the
distribution of any clinical feature or genotype that is listed in
Table I except for the distributions of the UGTIA7 (387T>G)
and UGT1A9%1b alleles (data not shown).

In this study, we defined patients who exhibited hemato-
logic toxicity greater than grade 3 during the entire course
of therapy as experiencing irinotecan toxicity. The study
protocols were approved by the Institutional Review Board at
Yamaguchi University Graduate School of Medicine, and were
carried out in accordance with the Helsinki declaration on
experimentation on human subjects. Each patient gave written,
informed consent for their participation in this study.

Genotyping of UGTIA and haplotype construction. A conven-
tional sodium iodide (Nal) method was used to extract genomic
DNA from peripheral blood samples (27). The number of TA
repeats in the UGTIAI promoter region was determined by
the fragment size analysis followed by direct sequencing as
described previously (4). The TagMan technique with a hydro-
lysis probe was used to determine the UGTIAI*6 genotype
as described previously (28); similarly, hydrolysis probes were
used to determine the genotypes at UGTIAI*60; a direct
sequencing method was also used to determine the genotypes
at UGTIA7 (387T>G and 622T>C) and UGTIA9*1b.

Each nucleotide variant was evaluated to determine
whether it was in Hardy-Weinberg equilibrium; Haploview
4.2 software was used to perform the linkage disequilibrium
(LD) and case-control haplotype analyses (29). Lewontin's
coefficient D' and correlation coefficient r* were calculated as
measures of LD.

Construction of toxicity prediction system by genotype combi-
nations. To predict severe toxicities of irinotecan, the age, the
gender and a comprehensive 6-site UGTIA genotype were
determined for each of the 73 patients in the training popu-
lation. SFFS, a method of statistical pattern recognition, was
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Table I. Characteristics of the patients.
Sub-population (treatment regimen)
Clinical features Total FLIGHT1* FLIGHT?2* FRUTIRI® 2nd-line FOLFILI®
and genotypes (n=123) (n=38) (n=35) (n=22) (n=28)
Toxicity of irinotecan
No 72 20 19 16 17 NS¢
Yes 51 18 16 6 11
Gender
Male 78 24 24 17 13 NS¢
Female 45 14 11 5 15
Age
<60 50 14 14 9 13 NS¢
>60 73 24 21 13 15
UGTIAI*6
-/- 84 25 23 15 21 NS¢
-/*6 36 12 11 6 7
*6/%6 3 1 1 1 0°
UGTIAT*28
-/- 103 32 27 22 22 NS¢
-/*28 20 6 8 o° 6
*28/%28 0 0* 0* ov 0°
UGTIAT*60
-/- 71 19 21 15 16 NS4
-/*60 46 17 12 6 11
*60/%60 6 2 2 1 1
UGTIA7
387T/T 4] 13 12 8 8 NS¢
387TIG 69 18 18 13 20
387G/G 13 7 5 1 0
UGTI1A7
387T/T 70 21 19 14 16 NS¢
387TIG 48 15 13 8 12
387G/G 5 2 3 0 0
UGTIA9*1b ‘
*]1b/*1b 43 14 12 9 8 NS¢
-/*1b 67 17 18 12 20
-/- 13 7 5 1 0

The following patients were not enrolled in this study as described in Materials and methods. *Patients bearing UGTIAI#*28 homozygous
were excluded from the FLIGHT1 and FLIGHT? studies. "Homozygous and heterozygous of UGT1A1*28 were not enrolled in the FRUTIRI
study. ‘Homozygous of UGT1AI*6 and *28 and compound heterozygous of UGT1AI1%6 and *28 were not included in the consecutive patients
received second-line FOLFILI therapy. NS, not significant among 4 groups by Fisher's exact test.

then used to determine the optimal genotype combinations for
predicting the risk of irinotecan toxicity. The statistical pattern
recognition, SFFS, identified the genotype combinations with
the ‘maximum number of cases’ and ‘maximum prediction
rate’ to maximize overall diagnostic accuracy (24). Briefly,
the algorithm of the SFFS used in this study was as follows:
i) Suppose that at stage k we have a set of X, ..., X, of sizes 1 to
k, respectively. ii) Let the corresponding values of the feature

selection criteria be J, to J,, where J; = J(X)), for the feature
selection criterion J(). iii) Let the total set of features be X.
Then at the kth stage of the SFFS procedure follow these steps:
Step 1, select the feature x; from X-X, that increases the value of
J to the greatest degree and add it to the current set: X, , ;, = X,
+ x;. Step 2, find the feature x, in the current set X, , ,, that
reduces the value of J the least; if this feature is the same as x;
then set J; , , = J(X, . ); increment k; go to step 1; otherwise
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Table II. Minor allele frequency and Hardy-Weinberg equilib-
rium in 123 patients.

103 patients* 123 patients®

MAF HWp MAF HWp
UGTIAI*6 [211 (G>A)] 018 100 0.7 100
UGTIAI*28 [(TA)e>(TA),] 0.12 080 008  0.86
UGTIAI*60[-3279 (T>G)] 027 099 024 092
UGTIA7 [387 (T>G)] 042 100 039 007
UGTIA7 [622 (T>C)] 027 061 024 054
UGTIA9*1b [-118 (T>T)] 041 084 038 0.3

“Patients enrolled in the FLIGHT1, FLIGHT2 and FRUTIRI studies
(patients received lower starting dose of irinotecan were not excluded).
®Patients subjected to case-control study (patients received lower
starting dose of irinotecan were excluded). MAF, minor allele fre-
quency. HWp, p-value of Hardy-Weinberg equilibrium.

remove it from the set to from X', = X, j, - x,. Step 3, continue
removing features from the set X', to form reduced sets X', _,,
while J(X'y . 1)) > Jy.1y; k = k - 1; until k = 2; then continue with
step 1. The algorithm is initialized by setting k=0 and X, = @.

Statistical analysis. Fisher's exact test was used to assess the
relationship between toxicity and each UGTIA variant. The
Cochran-Armitage trend test was used to examine the linearity
of the relationship between UGTIA genotypes and irinotecan
toxicity. SPSS Statics 17.0 software (IBM, Tokyo, Japan) and
R version 2.13.0 software were used to perform the calcula-
tions (30). p<0.05 was considered statistically significant.

Results

UGTIA allele and haplotype frequencies. The minor
allele frequencies (MAF) of each UGTIA allele among the
103 patients without genetic bias; all patients regardless of the
starting dose of irinotecan enrolled in FLIGHT1, FLIGHT?2,
and FRUTIRI studies, and 123 patients received a starting
dose of 150 mg/m? for case-control study participating in
this study are listed in Table II. In this study, the MAFs of
UGTIAI*28 and UGTIAI*6 were approximately 0.117 and
0.184, respectively. The MAF for each other UGTIA SNP
examined in this study was greater than 0.20. Among all
patients, the Hardy-Weinberg equilibrium p-value for each
locus examined in this study was higher than 0.05. LD analysis
with 103 patients showed that high LD (+*>0.9) was evident
between UGTIA7 (387T>G) and UGTIA9*1b (Fig. 1). We
found 12 UGTIA haplotypes (Hp-I to Hp-XII) using 6 loci
in 103 patients: UGTIAI*6, *28, *60, UGTIA7 (387T>G),
UGTIA7 (622T>C), and UGTIA9*Ib (Table III). Three
common haplotypes (Hp-1, Hp-1I and Hp-III) accounted for
82.5% of all haplotypes identified in this study.

Associations between UGTIA genotypes/haplotypes and irino-
tecan toxicity. We examined associations between individual
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A The Lewontin's coefficient I B The correfation coefficient #2

UGT1AS b [-118(T)9>10]
W UGTIAT28 [[TA)ETAA>(TA)7TAA]

o UGT1AT*28 [TABTAA>(TA)TTAA]

& UGTIAT'60[-3279(T>G)]
& UGTIAT60 [-3279(T>G)]

N UGTIAT R87(T>G))
@ UGTIAT [622(T>C)]
o UGTIATS [211(G>A)]
N UGTIAT [387(T>G)]
w UGTIAZ [622(T>C)]
© UGTIA1'8 [211{G>A)}

() - UGT1Ag*1b [-118(T)9>10]

Figure 1. Pairwise linkage disequilibrium relationships between the
UGTIA variants. (A) The Lewontin's coefficient D' and (B) the correlation
coefficient 7 are represented as values and colors [in panel A, log of the
odds (LOD) 22 shades of pink/red, LOD <2 and D'=1 is blue, and LOD <2
and D' <1 is white. In panel B, r><0.01 is white, 0.01<r? <0.95 is shades of
grey, and r%20.95 is black] in each box.

UGTIA genotypes or haplotypes and severe irinotecan toxicity
among 123 patients with mCRC who receive chemotherapy that
included irinotecan (Table IV). Each of four UGTIA genotypes
[UGTIAI*6, UGTIA7 (387T>G), UGTIA7 (622T>C) and
UGTI1A9*1b] showed a significant association to irinotecan
toxicity and linear trend (p<0.05). Similarly, two haplotypes
(Hp-I and Hp-II) each showed a significant association to and
linear trend with irinotecan toxicity (p<0.05). Among two
patients received a starting dose of 100 mg/m? irinotecan, diplo-
type of Hp-IV/V did not show toxicity and diplotype of Hp-V/V
showed toxicity. Six patients excluded from FRUTIRI study did
not show toxicity of irinotecan (a starting dose of 70 mg/m?;
UGTIA diplotypes of Hp-1/V, II/IV and III/IV were found in 2,
3 and 1 patients). Regarding non-hematological toxicities, only
5 patients developed grade 3 diarrhea (UGTIA diplotype of these
5 patients consists of 4 Hp-I/Il and 1 Hp-1l/XII).

Performances of the toxicity prediction system by genotype
combination. To construct a system for predicting the risk of
severe irinotecan toxicity, genetic data from 73 patients that
constituted the training population were analyzed exhaus-
tively; specifically, SFFS was used to assess gender, age and the
individual genotypes at six polymorphic UGTIA sites (Fig. 2).
In addition to the three possible genotypes (wild-type homozy-
gous, heterozygous, variant homozygous), a fourth option for
each site (designated ‘unspecified genotype’) was included into
the algorithm. Similarly, patient gender (male, female, regard-
less of gender) and age (<60, >60 years old, regardless of age)
were assessed. The cutoff value for age (60 years) was deter-
mined by Youden index obtained by the receiver operating
characteristic (ROC) curve analysis with the training popu-
lation. Among possible combinations (46 x 3% - 1 = 36,863),
the following cases were excluded: cases not found, single
cases, and cases that represented positive or negative predic-
tive values <80%. In order to optimize the combinations,
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Table III. Haplotype frequency.

UGTIA alleles
Allele frequencies
UGTIA9 UGTIA7 UGTIAI
Haplotypes *1b 387T>G 622T>C *60 *28 *6 (n=103)" (n=123)°
Hp-I T T T T TAg G 0.524 0.573
Hp-11 Tot G c T TA, A 0.170 0.159
Hp-1I1 Tg" G* T G* TA4 G 0.131 0.134
Hp-1V Ty* G* c G TA; G 0.063 0.041
Hp-V Tho T T G* TA G 0.044 0.028
Hp-VI Ty* G* c T TA G 0.015 0.016
Hp-ViII Tg" G* c G TA, G 0015 0.012
Hp-vill Ty G* T G* TA?® G 0.010 0.012
Hp-IX Ty T T G* TA4 G 0.010 0.008
Hp-X Ty G* ct T TA A? 0.010 0.008
Hp-XI Ty" G T T TA G 0.005 0.004
Hp-X1I T T T T TA A 0.005 0.004

1Association of the alleles with toxicity of irinotecan. *Patients enrolled in the FLIGHT1, FLIGHT2 and FRUTIRI studies (patients received lower
starting dose of irinotecan were not excluded). “Patients subjected to the case-control study (patients received lower starting dose of irinotecan
were excluded).

A Combinations for cases with toxicity (Positive)

UGT genotypes Clinical features

1A76  1A1°28 1A71'60 1A7 1A7  1A9*7b Sex Age G3, G4/Total
Name 3279(T>G)  387(T>G)  622(7>C)  ~118(Tharn n (%)
P-l b e b > 414 (100.0)
P-Il »* ** b 4/4  (100.0)
P-Ill > * b 2/2 {100.0)
PV b * > 2/2 (100.0)
PV *x 212 (100.0)
P-VI » 9/10  {80.0)
P-Vit b 1417 (82.4)
P-VIi - 4/5  (80.0)

19/22 (86.4)

B Combinations for cases without toxicity (Negative)

UGT genotypes Clinical features

14176  1A1°28 1A1°60  TA7 1A7  1A9*1h Sex Age GO0-G2/Total
Name  211{C>A) (TA)>(TA) -3279(1>6) 387(1>C)  822(1>C) -118(Thspp n (%)
N-1 > - = o »* ** ‘ 860 6/6 (100.0)
N-1i e * > 5/5 (100.0)
N-1H i b 313 (100.0)
N-1V ** 3/3  (100.0)
N-V b ) 212 {100.0)
N-Vi * ** b 2{2  (100.0)
N-Vii »* ‘\ ** 12115 (80.0)
N-Viil 12/15 (80.0)
N-1X 600 12115 (80.0)
N-X 8/10 (80.0)

33/40 (82.5)

Figure 2. The UGTIA genotype combinations that predict the presence or absence of severe irinotecan toxicity based on statistical pattern recognition. (A)
A total of 8 combinations (P-I to P-VIII) for positive prediction of the toxicity and (B) 10 combinations (N-I to N-X) for negative prediction are presented.
(A) The 8 combinations (P-I to P-VIII) that predict the presence of irinotecan toxicity are shown. (B) The 10 combinations (N-I to N-X) that predict the
absence of irinotecan toxicity are shown. Eight factors-patient age, patient gender and genotypes at six UGTIA sites [UGTIAI*6, ¥28, ¥60, 1A7 387T>G),
1A7 (622T>C) and 1A9*1b] were used with sequential floating forward selection (SFFS) for statistical pattern recognition as described in Materials and
methods. Homozygosity for alleles associated with irinotecan toxicity, heterozygosity and homozygosity for alleles not associated with irinotecan toxicity
are indicated by red, blue and green cells, respectively. “The un-specified categories (regardless of genotypes, gender or age).
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Table IV. Associations between UGTIA genotypes/haplotypes and irinotecan toxicity.

Toxicity p-value
Yes No (% of yes) Fisher's exact CA trend
Genotypes
UGTIAI*6 -/- 27 57 (32.1) 0.002 0.001
/%6 21 15 (58.3)
*6/%6 3 0 (100.0)
UGTIAI*28 -/- 40 63 (38.8) 0.218 -
-/1%28 11 9 (55.0)
1%28/1%28 - - -
UGTIAT*60 -/- 27 44 (38.0) 0.349 0219
-/1%60 20 26 (43.5)
1*%60/1*%60 4 2 (66.7)
UGTIA7 387T/T 9 32 (22.0) 0.005 0.002
(387T>G) 387T/G 34 35 (49.3)
387G/G 8 5 (61.5)
UGTIA7 622T/T 18 52 25.7) <0.001 <0.001
(622T>C) 622T/C 31 17 (64.6)
622C/C 2 3 (40.0)
UGT1A9*1b 9*1b/9*1b 9 34 (20.9) 0.003 0.001
-/9%1b 34 33 (50.7)
-/- 8 5 (61.5)
Haplotypes
Hp-1 0* 12 6 (66.7) 0.002 <0.001
1# 32 37 (46.4)
2° 7 29 (194)
Hp-II 0* 27 59 (314) 0.001 <0.001
1 22 13 (62.9)
2 2 0 (100.0)
Hp-111 0* 38 53 41.8) 0.517 0.900
1 12 19 (38.7)
2 1 0 (100.0)
Clinical features
Gender Male 31 47 39.7) 0.705 -
Female 20 25 (44 .4)
Age =60 15 35 (30.0) 0.027 -
>60 36 37 (49.3)

“Number of alleles carried by the patient. CA, Cochran-Armitage trend test.

categorization according to predictive value and exclusion of
redundant combinations in each category were performed. As
a result, 8 combinations (P-I to P-VIII, Fig. 1A) appeared to
predict an increased risk of toxicity, and 10 combinations (N-I
to N-X, Fig. 1B) appeared to predict a lack of toxicity.

The system for predicting irinotecan toxicity based on
combinations of 8 factors (6 genotypes, gender and age) was
generated using data from of all 73 patients in the training
population. The system was then applied to data from 84.9 and
86.0% of the patients in the training and validation popula-
tions, respectively (Table V). This prediction system showed
83.9% accuracy (positive predictive value, 86.4%; negative
predictive value, 82.5%) for the training population (n=62)
and 72.1% accuracy (positive predictive value, 70.0%; negative

predictive value, 72.7%) for the validation population (n=43).
When patients who were not applied to the combinations were
included, the performance of the system was 71.2% accuracy
(sensitivity, 55.9%; specificity, 84.6%) in training population
(n=73) and 62.0% accuracy (sensitivity, 41.2%; specificity,
72.7%) in validation population (n=50). Odds ratios of positive
prediction for irinotecan toxicity for this prediction system were
8.0 95% CI, 1.5-42.5) and 16.3 (95% CI, 2.2-121.4) in training
and validation populations, respectively (p<0.05, Table VI).

Patients with either of three UGTIA alleles [UGTIAI*6,
UGTIA7 (622T>C) or UGTIA9%1b], UGTIA haplotype-I or
haplotype-II showed significant association to severe irino-
tecan toxicity (p<0.05) in both the training and validation
populations (data not shown).
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Table V. Predicitive performance for irinotecan toxicity by the genotype combinations.

Training (n=73) Validation (n=50)
n (%) n (%)

Matched with the combination® 62/73 (84.9) 43/50 (86.0)
Accuracy in applied patients 52/62 (83.9) 31/43 (72.1)
Positive predictive value® 19/22 (86.4) 7/10 (70.0)
Negative predictive value® 33/40 (82.9) 24/33 (72.7)
Accuracy 52/73 (71.2) 31/50 (62.0)
Sensitivity 19/34 (55.9) 7717 (41.2)
Specificity 33/39 (84.6) 24/33 727

*The combination consists of 8 factors; 6 genotypes [UGTIAI*6, UGT1AI*28, UGTIAI*60, UGTIA7 (387T>G), UGTIA7 (622T>C) and
UGT1A9*1b], gender and age. "Prediction of severe toxicity is positive and prediction of no severe toxicity is negative.

Discussion

The novel system for predicting severe irinotecan toxicity
described here was based on genotypes at 6 polymorphic sites
in UGTIA and 2 basic clinical features; notably, it showed high
predictive performance even though the treatment regimens
differed among the training and validation patients (Tables V
and VI). The odds ratio of positive prediction for severe irino-
tecan toxicity was higher for this prediction system than for that
of any other haplotype or for that of any genotype (Table VI).
The performance of this prediction system was reduced from
the 83.9% accuracy seen with applied patients to this system
in the training population to 72.1% accuracy in the validation.
With regard to positive prediction, the inconsistency in accuracy
between training and validation populations was seen when the
combinations included the UGTIA9*1b site and patient age (P-11,
VI and VII in Fig. 2). The frequencies of UGTIA9*1b geno-
type differed between the training and validation populations;
moreover, the UGTIA9*1b alleles were not in Hardy-Weinberg
equilibrium in the validation population (data not shown). The
cutoff value for patient age (60 years old) was determined by a
ROC curve generated with data from the training population;
however, previous studies used a cutoff age of 65 years (20,21).
Indeed, one patient without toxicity, but predicted as presence of
toxicity in this system, was aged 63 years.

Some genotypic combinations decreased the performance
of negative prediction for sever irinotecan toxicity in the vali-
dation population relative to the training population (N-IL, IV,
and V in Fig. 2). Specifically, 36.4% (n=4/11) of patients in
training population with a combined genotype that included
heterozygous for UGTIAI*28 alleles and UGTIAI*6 (-/-)
experienced severe irinotecan toxicity, but 66.7% (n=4/6) of
the patients in validation population with the same genotype
combinations (UGTIAI*6, -/- and UGTIAI*28, -/+) showed
severe toxicity. Of the 73 patients in the training population and
the 50 in the validation population, 11 (15.1%) and 7 (14.0%),
respectively, were matched with neither of the combination in
our prediction system. Interestingly, the incidence of severe
toxicity among patients who were not matched with either
combination identified by this prediction system was 72.7%

(training population) and 14.3% (validation population)
(Table VI). Therefore, the frequency of the irinotecan toxicity
among patients who do not have any combination of UGTIA
variants identified by this novel prediction system mlght be
due to factors other than UGTIA polymorphisms.

Many published studies have focused on associations
between irinotecan toxicity, irinotecan efficacy, or both and
any one or more of each UGTIA variants examined here
(10-19,31,32). Patients, especially Asian patients, homozygous
for UGTIAI%6 or *28 or compound heterozygous for these
variants are at high risk for hematologic toxicity (13,33,34). In
this study, each patient homozygous for UGTIAI*6 (n=3) and
those compound heterozygous for UGTIAI*6 and *28 (n=3)
showed severe hematologic toxicity; however, 45 patients of
the remaining 117 patients still exhibited severe irinotecan
toxicity. UGTIAI*6 and *28 each have strong effects on
UGTI1AL1 activity and expression, but frequency of each allele
is low; moreover, the frequencies of each allele differ between
races (11,14,35-37). Among the patients that lacked these rare,
highly effective variants, this novel prediction system could
accurately predict whether there is severe irinotecan toxicity.

Here, as in previous studies, each identified UGTIA
haplotypes was useful for precisely predicting the presence or
absence of severe irinotecan toxicity (14,18,38-40). Consistent
with our study, Cecchin et al reported that a haplotype
comprising UGTIAI*28 (-), UGTIAI*6O0 (-), UGTIA7 (387T
and 622T), and UGTIA9*1b (+) was a predictor of severe
hematologic toxicity during the entire course of therapy (18).
However, determining the haplotypes for any one patient is
a difficult clinical measurement. Therefore, the genotypes at
each of the 6 sites (rather than the haplotype or diplotype)
could be used for clinical assessments.

Our prediction system depend not only on UGTIA geno-
types but also on patient gender and age. Previous studies
showed that patient gender and age were related to the risk
of irinotecan toxicity (20-22). In the training population,
patient age was associated with severe irinotecan toxicity, but
patient gender was not (Table IV). Interestingly, when patient
age, patient gender or both the patient age and gender were
excluded from the factors used by the prediction system, the



Table VI. Associations between UGT1A genotypes/haplotypes and irinotecan toxicity in training and validation sub-populations.

Training (n=73)

Validation (n=50)

Toxicity Fisher's exact test Toxicity Fisher's exact test
Yes No (% of yes) OR (95% CI) p-value Yes No (% of yes) OR (95% CI) p-value

Haplotypes

Hp-I (+/+) 5 15 (25.0) 1¢ 2 14 (12.5) 1°

Hp-I (-/-,-1+) 29 24 54.7) 3.63 (1.15-1142) 0.035 15 19 44.1) 5.53 (1.08-28.18) 0.053
Hp-1I (+/+,-/+) 16 8 66.7) 0.64 (1.60-22.48) 0.008 8 5 (61.5) 11.20 (1.75-71.64) 0.016
The predicition system® ,

Negative for toxicity 7 33 (17.5) 0.64 (0.17-2.34) 0.511 9 24 (27.3) 2.63 (0.50-13.92) 0.300
Positive for toxicity 19 3 (86.4) 8.00 (1.51-42.45) 0.021 7 3 (70.0) 16.33 (2.20-121.43) 0.009
Not matched® 8 3 (72.7) 1 6 (14.3)
Genotypes

UGTIAI*6 (+/+,-/+) 16 9 (64.0) 5.33 (145-19.58) 0.016 8 6 (57.1) 9.33 (1.51-57.65) 0.019
UGTIAI*28 (-4) 7 7 (50.0) 3.00 (0.70-12.88) 0.163 4 2 (66.7) 14.00 (147-133.23) 0.025
UGTIAI*60 (+/+,-/+) 18 15 (54.5) 3.60 (1.06-12.22) 0.048 6 13 (31.6) 323 (0.55-18.96) 0.244
UGTIA7 (387G/G, T/G) 27 21 (56.3) 3.86 (121-12.33) 0032 15 19 (44.1) 553 (1.08-28.18) 0.053
UGTIA7 (622C/C,T/C) 20 13 (60.6) 4.62 (1.35-15.78) 0.022 13 7 (65.0) 13.00 (2.27-74.32) 0.002
UGTI1A9*1b (-I-, -I+) 27 20 (574) 4.05 (1.26-12.99) 0.018 15 18 (45.5) 5.83 (1.14-29.84) 0.028

*The prediction system consisted of the combinations of 8 factors (6 genotypes, gender and age). *In training and validation populations, 9/73 (12.3%) and 7/50 (14.0%) patients were not matched with the
combinations of the prediction system. “Reference category.
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number of patients that matched with the prediction system
decreased, although the system maintained the high positive
- and negative predictive values (data not shown).

The SFFS algorithm could be modified to include other
factors (e.g., mutations in the tumor, patients' clinical character-
istics, additional genetic variants, etc.) to improve the prediction
performance. Such modifications may result in a system that
could meaningfully predict clinical outcomes, including tumor
response. Recent advances in technology for sequencing whole
genomes of individuals may lead to substantial increases in
information that might be useful for personalized therapy.
However, such complicated information could not be efficiently
or fully utilized in the currently available formats. SFFS could
easily construct a system that can utilize huge data sets such as
whole-genome sequences. Our strategy for developing SFFS-
based systems for clinical use could serve as a powerful tool for
advancing personalized therapy, although additional prospec-
tive study of this prediction system is needed.
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Sentinel node biopsy is a standard procedure in clinically node-negative breast cancer patients.
it has eliminated unnecessary axillary lymph node dissection in more than half of the early
breast cancers. However, one of the unresolved issues in sentinel node biopsy is how to
manage axilla surgery for sentinel node-positive patients and clinically node-negative patients.
To evaluate the outcome of no axillary lymph node dissection in sentinel node-positive breast
cancer, a prospective cohort study registering early breast cancer patients with positive sentinel
nodes has been conducted (UMIN 000011782). Patients with 1-3 positive micrometastases or
macrometastases in sentinel lymph nodes are sligible for the study. The primary endpoint is the
recurrence rate of regional lymph nodes In patients treated with sentinel node biopsy. Patients
treated with sentinel node biopsy followed by axillary lymph node dissection are also registered
simultaneously to compare the prognosis. The propensity score matching is used to make the
distributions of baseline risk factors comparable.

Key words: sentinel node biopsy — breast cancer — propensity score — lymph node dissection

INFRODUCTION compared SNB with ALND were launched in the 1990s. The

Until the 21st century, axillary lymph node dissection (ALND)
was a standard procedure for operable breast cancer patients.
However, it can cause lymphedema, peripheral nerve injury,
shoulder dysfunction and other complications that compromise
functional activity and quality of life. Sentine] node biopsy
{SNB}) is the most accurate method for detecting axillary lymph
node metastases in early breast cancer. Large clinical trials that

National Surgical Adjuvant Breast & Bowel Project (NASBP)
B32 showed that SNB provided an outcome equivalent to that
of SNB + ALND for sentinel node-negative patients (1). In
this study, occult metastases that were found in negative senti-
nel lymph nodes with a detailed histological examination had a
very small impact on the prognosis, since adjuvant therapy
could have reduced systemic dissemination of cancer cells (2).
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Other randomized trials showed that ALND provided no
clinical benefit in some breast cancer patients with positive
sentinel lymph nodes. The American College of Surgeons
Oncology Group (ACOSOG) Z0011 demonstrated that in
patients with micrometastases or 12 macrometastases in sen-
tinel lymph nodes who received SNB, breast-conserving
surgery, breast irradiation and adjuvant therapy, the 5-year re-
currence rate of axillary lymph nodes was 0.9% and not differ-
ent from patients treated with ALND (3). Based on the results
of the International Breast Cancer Study Group (IBCSG)
23-01, patients with micrometastases should be treated with
SNB alone, since the regional recurrence rate at S years was
1% (4). The AMAROS trial suggested that regional node ir-
radiation was effective for loco-regional control in sentinel
node-positive breast cancer patients treated with SNB alone
instead of SNB + ALND (5). In some institutes, patients who
are eligible for ACOSOG Z0011 undergo no ALND in clinical
practice (6). However, each one of these trials had some lim-
itations, Patients registered in ACOSOG Z0011 and
AMAROS tended to have small breast tumors and a small
tumor burden in sentinel lymph nodes. Such patients might
have no additional metastases in non-sentinel lymph nodes.
How to incorporate these results into clinical practice is still
unclear (7). In IBCSG 23-01, the histological diagnosis of
micrometastases was strictly performed using lymph node
specimens cut at 50—200 pm. This method is far from actual
clinical practice. Indeed, a SNB registry trial in the
Netherlands found that the S-year regional recurrence rate
after SNB alone in patients with micrometastases in sentinel
lymph nodes was 5.6% (8).

On the other hand, personalized medicine based on the in-
trinsic subtype of breast cancer can eliminate breast tumor and
nodal metastases. In ~30% of cases of triple-negative breast
cancer and HER2-enriched breast cancer, neoadjuvant chemo-
therapy could achieve a complete pathological response of
breast tumor and nodal metastases (9). These results again
raised the question of whether ALND is always needed for
node-positive breast cancer patients afier neoadjuvant chemo-
therapy. The Japanese Society for Sentinel Node Navigation
Surgery was founded in 1996 and a prospective study on SNB
in breast cancer was reported (10). To evaluate the clinical
benefit of SNB without ALND in sentinel node-positive breast
cancer, we planned a cohort study to register patients with
positive sentinel nodes prospectively. This study was approved
by the institutional review board at Kyorin University in
September 2013 and registered at the UMIN Clinical Trials
Registry as UMIN000011782 (http:/www.umin.ac.jp/ctr/
index.htm).

PROTOCOL DIGEST OF THE STUDY
OBIECTIVES

The purpose of this study is to evaluate the prognosis of senti-
nel node-positive breast cancer patients treated with SNB
alone. The secondary purpose is to compare the prognosis of

the patients treated with SNB alone to those treated with SNB
followed by ALND. To reduce the bias associated with the
lack of randomization, we use the propensity score matching
method to adjust unbalanced chmcopathologlcal factors in the
both groups

STUDY SETTING

A multi-institutional prospective cohort study.

ENDPOINTS

The primary endpoint is the recurrence rate of regional lymph
nodes for patients treated with SNB after prittiary treatment of
breast cancer. The secondary endpoint is the 5-year overall
survival. Primary treatment is defined as breast surgery includ-
ing SNB with or without ALND, neoadjuvant therapy or SNB
to diagnose lymph node metastases prior to neoadjuvant
therapy. The time to regional lymph node recurrence is
counted from the date of primary treatment. It is censored at
the earliest day of either local recurrence, contralateral breast
cancer, distant metastases, other malignant disease or death
from any cause. Overall survival is defined as the duration
from primary treatment to death from any cause. It is censorcd
at the last day when the patient is alive.

ErigBiiry CRITERIA
Incrusion CRITERIA

(i) Female patients aged 20—70 years.
(it) T1-3NO-1MO in the eighth edition of the UICC TNM
classification.
(iii) Histological confirmation of invasive disease in the
breast.
(iv) SNB was performed or scheduled after 1 January 2012.
(v) SNB or SNB followed by ALND should be performed.
SNB and the sampling of Level I lymph nodes is accept-
able and considered SNB.
(vi) One to three positive sentinel lymph nodes with
micrometastases and/or macrometastases confirmed by
histological or molecular diagnosis.

Excruston CRITERIA

(i) Ductal carcinoma in situ or lobular carcinoma in situ in
the breast.

(ii) Synchronous or metachronous bilateral breast cancer.

(iii) Four or more sentinel lymph nodes with micrometas-
tases and/or macrometastases except for isolated tumor
cells

(iv) Past history of invasive disease within 5 years before
registration.

(v) Physician’s discretion due to the patient’s condition
(e.g. severe co-morbidity, psychiatric disorder, preg-
nancy, refusal to undergo appropriate surgery for breast
cancer).
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(vi) Failure of SNB, or histologically false-negative sentinel
lymph nodes.

TreEATMENT METHODS

Breast cancer treatment consists of breast surgery, adjuvant
therapy and radiation therapy. Breast surgery includes SNB,
ALND or both, and partial or total mastectomy with or
without breast reconstruction. Adjuvant therapy includes
chemotherapy, endocrine therapy and anti-IIER2 therapy
before and after breast surgery. Radiation therapy covers ficlds
that include the breast, chest wall or regional lymph nodes. In
this study, physicians will follow clinical practice for breast
cancer patients according to imaging diagnosis and the intrin-
sic subtype of breast cancer as confirmed by core-needle
biopsy or resected specimens. There is no surgical protocol
with regard to SNB, ALND, type of mastectomy or breast re-
construction. Adjuvant therapy and radiation therapy also
depend on the physician’s discretion,

A histological diagnosis of sentinel lymph nodes is per-
formed following the institution protocol, but it is recom-
mended that physicians use lymph node specimens sliced
at 2 mm intervals and stained with hematoxylin—eosin,
Molecular diagnosis by the one-step nuclear amplification
{OSNA) method is used worldwide instead of the histological
examination of sentinel lymph nodes, and is allowed in this
study (11).

OBSERVATION

The participants will be followed-up every 6 months until
5 years after primary treatment. Routine examination is
recommended following the American Society of Clinical
Oncology Clinical Practice Guidelines. If recurrence is sus-
pected, an appropriate imaging diagnosis and histological con-
firmation should be performed.

Stuny DesiGN

Our objectives are to estimate regional lymph node recurrence
of the patients treated with SNB and to compare them to
patients treated with SNB followed by ALND, Although an
observational study cannot provide the same definitive evi-
dence as a randomized trial, some statistical methods should
be able to reduce the bias associated with the lack of random-
ization, In this study, we use the propensity score matching
method to compare SNB to SNB followed by ALND in senti-
nel node-positive patients.

UTiLiTy oF tHE PROPENSITY SCORE MATCHING METHOD

In an observational study, treatment selection could be infly-
enced by the patient’s characteristics, Therefore, the distribu-
tions of risk factors such as age, stage, and severity differ
between the treatment groups. To compare the outcome
between groups without the effect of bias due to treatment

Jpn J Clin Oncol 2014 Page 3 of 4

selection, we use a propensity score matching method in
this study. The propensity score is defined as a patient’s prob-
ability of receiving a speoific treatment conditional on the
observed risk factors (12). In this study, an individual prob-
ability of being treated with SNB alone is the propensity
score, It is estimated for each patient using the logistic model
based on the observed risk factors. Risk factors included in the
logistic model are selected from the observed baseline data
after the close of enrollment. We plan to implement 1:1 or 1:2
greedy matching (13) with the propensity score.

STATISTICAL ANALYSIS

Based on an estimated regional lymph node recurrence rate of
5% at 5 years among patients treated with SNB, 240 patients
are needed to give 80% power to reject the null hypothesis
that the recurrence rate is 10% with a one-sided type I error
rate of 2.5%. If we consider that some patients will be lost to
follow-up or become ineligible, a total of 250 patients treated
with SNB only will be needed to comprise the sample. At the
same time, as many cligible patients as possible who are
treated with SNB followed by ALND are also enrolled to con-
stitute a control pool for comparison of regional lymph node
recurrence.

Regional lymph node recurrence is estimated by consider-
ing all eligible patients with SNB only by the Kaplan—Meier
method and the 95% confidence interval (CI) is computed
using Greenwood’s formula (14), The hazard ratio and its
95% ClI of regional lymph node recurrence is estimated by the
Cox regression model and a robust sandwich estimate of vari-
ance with matched samples. Basically, multivariate adjust-
ment with other prognostic variables is not planned for
comparison the patients treated with SNB only and SNB fol-
lowed by ALND,
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Phase II Study of S-1 in Combination with Trastuzumab
for HER2-positive Metastatic Breast Cancer
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Abstract. Aim: We undertook a prospective phase II study
to evaluate the efficacy of S-1 plus trastuzumab combination
regimen for human epidermal-growth factor receptor-2
(HER2)-positive metastatic breast cancer (MBC). Patients
and Methods: HER2-positive MBC patients received oral
administration of S-1 (80 mg/m?/day, days 1 to 28, every 6
weeks) and intravenous weekly trastuzumab (2 mglkg),
according to the results of a prior Phase I trial of our group.
Results: A total of 28 patients were enrolled and received a
median of 3.5 (range 1-10) cycles of treatment. Overall
response rate and clinical benefit rate were 53.6% and
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75.0%, respectively. Progression-free survival was 30 weeks.
With regard to grade 3 and 4 adverse effects, leucopenia,
neutropenia, increase in serum alanine aminotransferase,
and diarrhea were observed. Conclusion: Combination of S-
1 and trastuzumab was tolerable and had excellent efficacy
with good response and disease control in this trial.

Trastuzumab, a humanized monoclonal antibody against the
extracellular domain of human epidermal growth factor receptor
type-2, has shown high clinical efficacy in combination with
cytotoxic agents for HER2-overexpressing breast cancer. After
this agent was approved, prognosis of the patients with HER2~
positive advanced or metastatic disease has become superior to
that of estrogen receptor-negative disease (1).

According to the Japanese Breast Cancer Society
guidelines (2) and National Comprehensive Cancer network
guidelines (3) chemotherapy is recommended for advanced
or metastatic breast cancer that is refractory to hormonal
therapy. The first and second choices of cytotoxic agents are
either anthracyclines or taxanes. The options for the third-line
or later treatment comprised of capecitabine, S-1, vinorelbine,
irinotecan, gemcitabine, and eribulin. For HER2-positive
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disease, paclitaxel was the first established cytotoxic agent to
be combined with trastuzumab (4). In vitro studies
demonstrated additive antitumor effect of the combination
with docetaxel, vinorelbine, platinum derivatives as
synergistic effects, however fluorinated pyrimidine showed
antagonistic effect (5). A similar pre-clinical study using a
xenografted HER2-positive tumor demonstrated less effect
when trastuzumab was combined with fluorinated pyrimidine
agents, therefore, this combination was not commonly used
in upfront lines, and clinical data has not been sufficient (5).

Capecitabine combined with trastuzumab was investigated
in a prospective analysis of 40 consecutive heavily-treated
patients as salvage therapy. Contrary to the in vitro tests (5),
clinical outcome of patients treated by the capecitabine-plus-
trastuzumab regimen in this study demonstrated a favorable
effect of 20% in overall response rate (ORR) and 70% in
clinical benefit rate (CBR) with acceptable toxicity (6).

Encouraged by this result of capecitabine, another
fluorinated pyrimidine agent S-1 was highlighted as a
promising cytotoxic companion for trastuzumab. S-1 was
originally developed for the treatment of gastrointestinal tract
cancers and has been widely used in Asian countries including
Japan, especially as the key drug for the treatment of gastric
cancer both in advanced (7, 8) and adjuvant setting (9).

In vitro studies of S-1 in combination with trastuzumab
have already shown its favorable efficacy against several
cancer cell types (10, 11). In a clinical setting, the result of
our phase I trial demonstrated that the trastuzumab-plus-S-1
regimen had fewer serious or unpleasant adverse events, such
as alopecia, nausea, vomiting, and febrile neutropenia,
compared to other cytotoxic regimens commonly combined
with trastuzumab (12). Based on the findings of this phase I
study, we underwent the present phase II trial to test the
clinical efficacy of S-1 in combination with trastuzumab for
metastatic breast cancer (MBC).

Patients and Methods

Patients. Patients with inoperable or recurrent breast cancer from 12
participating Institutions were enrolled in the study, to be treated
with S-1 in combination with trastuzumab from February 2007 to
February 2012.

A total of 37 assessable patients were required to test the null
hypothesis that the true confirmed response rate is at most 30%
versus the alternative that it is at least 50%.

Unfortunately, analysis at the point in time was urged by
independent data monitoring committee because the accumulation
of the cases did not reach to the projected numbers at 5 years after
the initiation of the trial.

Women aged =20 years with a histological or cytological
diagnosis of HER-2-positive (IHC 3+ or IHC 2+/FISH+) MBC were
considered to be eligible for the trial. Eligibility required measurable
cancer by RECIST criteria version 1.1 (13): baseline left ventricular
ejection fraction (LVEF) >55%; an Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0-2; expected survival
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>6 months; adequate organ function defined as hemoglobin >9 g/dl,
leukocyte count 3,000-12,000/mm3, neutrophil count >1,500/mm3,
platelet count >100,000/mm?3, serum total bilirubin level less than
the upper level of normal in each institution x1.5, and serum
creatinine level less than upper limit of normal. Treatment within
one prior chemotherapy regimen was permitted for those with
metastatic disease.

Patients with any of the following were excluded: lung metastasis
with dyspnea; brain metastasis with symptoms; a second primary
cancer; serious concomitant illness; cardiac abnormalities; or cases
with possible infection. The protocol was reviewed and approved
by the Institutional Review Boards at all participating centers.
Written informed consent was obtained from all the patients.

Treatment. Patients received S-1 in combination with trastuzumab
according to the recommended dose defined by the phase I trial
(12). Trastuzumab was administered intravenously every week. The
first dose was 4 mg per kilogram (kg) of body weight and the
subsequent doses 2 mg per kg, administered over periods of 90 and
60 min, respectively. S-1 was administered in a daily dose of 80
mg/m? orally, divided two after meals for 4 weeks, followed by a 2
weeks rest as one course. Study treatments continued until disease
progression, appearance of unmanageable toxicity, or patients’
request to withdraw from the study.

Safety. Adverse events were graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) version 3.0 (14).
Hematology and biochemistry assessments were performed before
the start of each treatment cycle. LVEF was monitored by
echocardiography at least every 12 weeks. Chemotherapy dose
adjustments were allowed. Trastuzumab toxicity was managed by
treatment interruptions.

Efficacy. The primary end-points were ORR and CBR, that were
evaluated according to the RECIST criteria version 1.1 (13) until
disease progression. ORR was defined as the proportion of all
patients with complete response (CR) and partial response (PR).
CBR was defined as the proportion of the patients with CR+PR
+stable disease (SD) continued longer than 24 weeks. CR and PR
required confirmation at least 4 weeks after first being reported.
The secondary end-points are overall survival (OS); progression-
free survival (PFS); safety profile; CBR; and health related quality of
life (HRQOL). HRQOL was accessed before starting the
chemotherapy and every each course of the chemotherapy by EORTC
QLQ-C30 questionnaire (15). The data of each questionnaire were
processed along the EORTC QLQ-C30 scoring manual (16).

Results

Patients’ characteristics. A total of 28 patients were enrolled.
A completed survey form was collected from all patients. All
patients were treated with a fixed dose (initial dose: 4 mg/kg,
maintenance treatment dose: 2 mg/kg) of trastuzumab in
combination with 80 mg/m*/day of S-1. The baseline clinical
characteristics are summarized in Table I. The median age
was 62 (range 45-78) years. Eight patients had distant
metastasis when breast cancer was first diagnosed, and 20
patients had recurrent breast cancer. Fifteen patients had
hormonal receptor (HR)-positive (ER+ and/or PR+); 13
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Table 1. Baseline patient characteristics (N=28).

Table IL. Tumor response (N=28).

Patients’ characteristics

Response rates

Age median (Range) 62 (45-78)
ECOG Performance Status

PSO 14

PS 1 12

PS2 2
Hormonal Receptor

Positive 13

Negative 15
Progesteron Receptor

Positive 8

Negative 19

Unknown 1
Metastatic site

Lung 9

Bone 5

Liver 7

Lymph node 18

Others 2
Prior Surgery

Yes 20

No 8
Adjuvant Therapy

Chemotherapy 17

Endocrine Therapy 12
Prior Therapy for Metastatic Discase

Cytotoxic Chemotherapy 2

Trastuzumab Monotherapy 3

Endocrine Therapy 9

patients had HR-negative tumors. The sites of metastatic
disease were the bone and/or soft tissues in 24 patients and
visceral sites in 17 patients, including duplication. The
majority of patients (n=23) received S-1+ trastuzumab
treatment as first-line therapy for MBC. Only 2 patients
received cytotoxic chemotherapy and 3 patients received
trastuzumab monotherapy before registration. Nine patients
received endocrine therapy for MBC before registration.

Efficacy measured by response rate and clinical benefit rate.
All the patients had measurable lesions and received the
recommended dose according to the result of the phase I trial
(12). Three patients achieved CR, 12 patients showed PR,
and 10 patients showed SD (6 patients longer than 24 weeks
and 4 patients shorter than 24 weeks). A patient resulted in
progression without response and 2 patients could not
evaluate the efficacy. Therefore the ORR was 53.6% (15/28),
and the CBR was 75.0% (21/28) (Table II). In the sub-group
of patients without previous cytotoxic chemotherapy for
MBC, ORR was 74.3% (15/21). These results of the primary
end-points indicate that the combination therapy regimen
was highly effective to HER-2-positive breast cancers,

CR 3(10.7%)
PR 12 (42.9%)
SDz24wks 6 (21.4%)
SD<24wks 4 (143%)
PD 1 (3.5%)
NE 2(7.1%)

especially for patients who had never received cytotoxic
chemotherapy for metastatic disease. No difference was
demonstrated between the HR positive sub-group and
negative sub-group (HR +; CR 1, PR 6, SD 5, PD1. HR~;
CR2,PR6,SD5,PDO,NE2).

Prognosis estimated by overall and progression-free survival.
By the time of data cut-off, PFS events had been observed
in 22 patients (79%). Median PFS was 30 weeks (95% Cl=
26-59 weeks) (Figure 1). Nine out of 10 patients died from
breast cancer. Median OS was 227 weeks (95% Cl= 141-
weeks) (Figure 2).

Toxiciry. All the patients were assessed for toxicities during
the treatment cycles. No grade 4, and a few grade 3 toxicities
were observed in all enrolled patients. Although Grade 3
hematological toxicities were observed in 7 patients including
leukopenia and neutropenia, they were not critically severe.
With regard to non-hematological toxicities, the most common
events were nausea, diarrhea, and elevation of serum alkaline
phosphatase. The hematological and non—hematological events
in all the 28 patients are listed in Table III.

Clinical benefit response and health-related quality of life.
Sixteen patients cooperated with the first and the later
questionnaire survey. In this QLQ-C30 questionnaire, Osoba
et al. (17) reported that the patients who reported ‘very
much’ change for better or worse on a particular scale
corresponded to a change greater than 20. Our study
demonstrated the patients who showed improvement of QOL
with reduction of score more than 20 points were 6.3% in
physical function, 12.5% in role function and emotional
function, 18.8% in cognitive function, 25% in social function
and 0% in general health status.

Discussion
Although the most important objective of metastatic breast

cancer treatment is to prolong survival with good patients’
QOL (18), chemotherapeutic agents have been chosen in the
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Figure 1. Kaplan—-Meier Estimates of Progression-free Survival Rates.
Bars represent patients whose data were censored.

order of their effectiveness for shrinking tumors, rather than
their intensity of side-effects. In line with this objective; less
toxic treatment should be chosen in up-front line as long as
the treatment could control disease progression. Generally,
response and duration of efficacy of the chemotherapeutic
agent are better when it administered in up-front line than
late line. Therefore, the patients can have more comfortable
lifetime if they responded to less toxic therapy. By such a
viewpoint, SELECT BC trial that compares OS of the HER2-
negative metastatic breast cancer patients administered S-1
or taxanes as the first chemotherapy is ongoing in Japan (19).
This study may give a solution for this issue.

The present study strongly suggests that combination
therapy with S-1 and trastuzumab appears to be an effective
treatment option with a manageable toxicity profile for
MBC. Efficacy rates of S-1 alone for MBC patients were
21.8% and 41.7% in two Japanese phase II trials (20, 21) and
30% in a retrospective study (22), S-1 is expected to be one
of the promising fluorinated pyrimidines for the treatment of
breast cancers. It should be emphasized that the rate may
improve when the agent is applied at an up-front line of the
treatment sequence. Sub-group analysis of the patients who
were treated with S-1 relatively early, i.e. in the first and
second lines, showed response rates as high as 45.5% (22).
This result is compatible to the efficacy rate of taxanes that
were used as the standard therapy in first line. Additionally,
compared with anthracyclines and taxanes, adverse events
such as hair loss are significantly rare, and its oral dosage
form is supposed to be helpful in improving QOL of the
patients. Actually, the patients whom HRQOL score
decreased were few in this series. This result suggested that
the combination of S-1 and trastuzumab was useful for
maintenance of HRQOL.

3586

o
&
J

-4

Overall Survival Rate

| SSRS—-
ox Median 08 227 wks PR
(95% CI 141~ »  wks)
a2
00 ¥ * £ ¥
o 00 1000 1503 2000

Figure 2. Kaplan-Meier Estimates of Overall Survival Rates. Bars
represent patients whose data were censored.

Table IlI. Common adverse events in the enrolled patients (N=28).

Adverse Event All Grades =Grade 3
Leukocytopenia 17 3
Neutropenia 9 4
Thrombocytopenia 14 0
Anemia 18 0
Increasing Total Bilirubin 12 0
Increasing AST 12 0
Increasing ALT 11 2
Nausea 12 1
Vomiting 8 1
Diarrhea 15 4
Anorexia 8 0
Stomatitis 8 0
Fatigue 14 0
Skin pigmentation 8 0
Skin rash 3 0
Pyrexia 6 0
Although capecitabine is another orally-available

fluorinated pyrimidine anticancer agent and its efficacy has
also been proved by several phase II studies (23, 24), its
toxicity profiles are different from those of S-1. Results of a
randomized phase II trial comparing these two agents for
gastric cancer demonstrated almost identical efficacy but
high incidence of hand-foot syndrome and stomatitis
decrease the dose intensity of capecitabine in comparison
with S-1 (25).

A combination of capecitabine and trastuzumab in HER2-
positive breast cancer after failure of previous trastuzumab-
containing regimen was investigated in randomized phase III
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study. One hundred and fifty-six patients were enrolled in the
trial, and the combination of trastuzumab and capecitabine
showed survival benefit against capecitabine monotherapy
although no significant difference was demonstrated (26).
Another clinical trial investigating the efficacy and feasibility of
the combination regimen after failure of anthracyclines and
docetaxel or vinorelbine demonstrated good response rate and
favorable impact for prognosis for heavily pre-treated MBC (6).

With regard to S-1 and trastuzumab combination regimen,
several case studies reported efficacy of the regimen in heavily
pre-treated HER2-positive MBC including trastuzumab
treatment in their prior therapy (27-30). According to those
anecdotal reports, S-1 in combination with trastuzumab
indicated outstanding effects on heavily pre-treated patients
without serious toxicity. In a large retrospective study which
enrolled 1,468 breast cancer patients, whole adverse events
and grade 3 or 4 adverse events of the combination therapy
were occurred in 55.9% and 16.1%, which is comparable to
that of S-1 alone, 63.5% and 14.6%, respectively (31). Like
our result of the phase I trial, toxicity profile of the S-1 plus
trastuzumab combination seems to be acceptable.

The present study was in line with previous reports in
terms of the safety of the regimen. Our report is the result of
the first prospective clinical trial evaluating efficacy of the
S-1 plus trastuzumab combination regimen for MBC. With
regard to the efficacy of the combination regimen, an ORR
of 53.6% and an CBR of 75.0%, obtained from this phase II
study should give a strong support to apply this regimen for
a common clinical practice.

In conclusion, combination of trastuzumab and S-1 is an
effective regimen with feasible toxicity and valuable to
maintain patient’s HRQOL. This combination therapy can be
considered as a new standard option of the first- or second-
line chemotherapy in patients with HER2-positive MBC.

Conflicts of Interest

Tsutomu Takashima and Yasuo Miyoshi have received grants from
Taiho Pharmaceutical Co. Ltd.

Acknowledgements

This work was supported, in part, by a non-profit organization
Epidemiological & Clinical Research Information Network
(ECRIN). The Authors are grateful to Ms. Mai Hatta for her
excellent data management as the clinical research coordinator.

References

1 Faneyte IF, Peterse JL, Van Tinteren H, Pronk C, Bontenbal M,
Beex LV, van der Wall E, Richel DJ, Nooij MA, Voest EE,
Hupperets P, Ten Vergert EM, de Vries EG, Rodenhuis S and van
de Vijver MJ: Predicting early failure after adjuvant
chemotherapy in high-risk breast cancer patients with extensive
lymph node involvement. Clin Cancer Res /0: 4457-4463, 2004.

2 Japan Breast Cancer Society. The Japanese clinical guideline for
breast cancer based on scientific evidences 1: medical treatment.
Tokyo, Kanehara Syuppan, 2013, (in Japanese).

3 NCCN Clinical Practice Guidelines in Oncology Breast Cancer
v3, 2013. http://www.nccn.org/professionals/physician_gls/
PD/breast.pdf.

4 Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V,
Bajamonde A, Fleming T, Eiermann W, Wolter J, Pegram M,
Baselga J and Norton L: Use of chemotherapy plus a
monoclonal antibody against HER2 for metastatic breast cancer
that overexpresses HER2. N Engl J Med 344: 783-792, 2001.

5 Pegram M, Hsu S, Lewis G, Pietras R, Beryt M, Sliwkowski M,
Coombs D, Baly D, Kabbinavar F and Slamon D: Inhibitory
effects of combinations of HER-2/neu antibody and
chemotherapeutic agents used for treatment of human breast
cancers. Oncogene /8: 2241-2251, 1999.

6 Bartsch R, Wenzel C, Altorjai G, Pluschnig U, Rudas M, Mader
RM, Gnant M, Zielinski CC and Steger GG: Capecitabine and
trastuzumab in heavily pretreated metastatic breast cancer. J Clin
Oncol 25: 3853-3858, 2007.

7 Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A,
Koizumi W, Saito H, Yamaguchi K, Takiuchi H, Nasu J and
Ohtsu A; Gastrointestinal Oncology Study Group of the Japan
Clinical Oncology Group: Fluorouracil versus combination of
irinotecan plus cisplatin versus S-1 in metastatic gastric cancer:
a randomised phase 3 study. Lancet Oncol /0: 1063-1069, 2009.

8 Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi
M, Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y,
Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H and
Takeuchi M: S-1 plus cisplatin versus S-1 alone for first-line
treatment of advanced gastric cancer (SPIRITS trial): a phase III
trial. Lancet Oncol 9: 215-221, 2008.

9 Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M,
Nashimoto A, Furukawa H, Nakajima T, Ohashi Y, Imamura H,
Higashino M, Yamamura Y, Kurita A and Arai K; ACTS-GC
Group: Adjuvant chemotherapy for gastric cancer with S-1, an
oral fluoropyrimidine. N Engl J Med 357: 1810-1820, 2007.

10 Saeki H, Yanoma S, Takemiya S, Sugimasa Y, Akaike M, Yukawa
N, Rino Y and Imada T: Antitumor activity of a combination of
trastuzumab (Herceptin) and oral fluoropyrimidine S-1 on human
epidermal growth factor receptor 2-overexpressing pancreatic
cancer. Oncol Rep 78: 433-439, 2007.

11 Tanizaki J, Okamoto I, Takezawa K, Tsukioka S, Uchida J,
Kiniwa M, Fukuoka M and Nakagawa K: Synergistic antitumor
effect of S-1 and HER2-targeting agents in gastric cancer with
HER?2 amplification. Mol Cancer Ther 9: 1198-1207, 2010.

12 Nakayama T, Morita S, Takashima T, Kamigaki S, Yoshidome
K, Ito T, Taguchi T, Sakamoto J and Noguchi S: Phase I study of
S-1 in combination with trastuzumab for HER2-positive
metastatic breast cancer. Anticancer Res 37: 3035-3039, 2011.

13 Cancer Therapy Evaluation Program: Common Terminology
Criteria for Adverse Events, Version 3.0, DCTD, NCI, NIH,
DHHS March 31, 2003 (http://ctep.cancer.gov), Publish Date:
August 9, 2006.

14 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz ILH, Sargent
D, Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M,
Rubinstein L, Shankar L, Dodd L, Kaplan R, Lacombe D and
Verweij J: New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer 45: 228-
247, 2009.

3587



ANTICANCER RESEARCH 34: 3583-3588 (2014)

15 Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A,
Duez NJ, Filiberti A, Flechtner H, Fleishman SB, de Haes JCIM,
Kaasa S, Klee MC, Osoba D, Razavi D,Rofe PB, Schraub S,
Sneeuw KCA, Sullivan M and Takeda F: The European
Organisation for Research and Treatment of Cancer QLQ-C30:
A quality-of-life instrument for use in international clinical trials
in oncology. J Natl Cancer Inst 85: 365-376, 1993.

16 Fayers PM, Aaronson NK, Bjordal K, Groenvold M, Curran D
and Bottomley A, onbehalf of the EORTC Quality of Life
Group. The EORTC QLQ-C30 Scoring Manual (3rd Edition).
Brussels, European Organization for Research and Treatment of
Cancer, 2001.

17 Osoba D, Rodrigues G, Myles J, Zee B and Pater J: Interpreting
the significance of changes in health-related quality-of-life
scores. J Clin Oncol 16: 139-144, 1998.

18 Hortobagyi GN: Treatment of breast cancer. N Engl J Med 339:
974-984, 1998.

19 Mukai H, Takashima T, Hozumi Y, Watanabe T, Murakami S,
Masuda N, Mitsuyama S, Ohmura T, Yajima T and Ohashi Y:
Randomized study of taxane versus TS-1 in women with
metastatic or recurrent breast cancer (SELECT BC). JpnJ Clin
Oncol 40: 811-814, 2010.

20 Saeki T, Takashima S, Sano M, Horikoshi N, Miura S, Shimizu

S, Morimoto K, Kimura M and Taguchi T: A late phase II

clinical study of S-1 in patients with progressed, refractory

breast cancer. Gan To Kagaku Ryoho 3I: 539-547, 2004. (in

Japanese)

Saeki T, Takashima S, Sano M, Horikoshi N, Miura S, Shimizu

S, Morimoto K, Kimura M, Aoyama H, Ota J, Noguchi S and

Taguchi T: A phase II study of S-1 in patients with metastatic

breast cancer — a Japanese trial by the S-1 Cooperative Stady

Group, Breast Cancer Working Group. Breast Cancer //: 194-

202, 2004.

22 Hara F, Kiyoto S, Takahashi M, Takabatake D, Takashima S,
Aogi K, Ohsumi S and Takashima S: Efficacy and safety of S-1
in patients with metastatic breast cancer: retrospective review in
a single institution. Oncology 79: 273-277, 2010.

23 Fumoleau P, Largillier R, Clippe C, Diéras V, Orfeuvre H,
Lesimple T, Culine S, Audhuy B, Serin D, Curé H, Vuillemin E,
Morére JF, Montestruc F, Mouri Z and Namer M: Multicentre,
phase II study evaluating capecitabine monotherapy in patients
with anthracycline- and taxane-pretreated metastatic breast
cancer. Eur J Cancer 40: 536-542, 2004.

24 Reichardt P, Von Minckwitz G, Thuss-Patience PC, Jonat W,
Kolbl H, Jdnicke F, Kieback DG, Kuhn W, Schindler AE,
Mohrmann S, Kaufmann M and Liick HJ: Multicenter phase II
study of oral capecitabine (Xeloda(")) in patients with metastatic
breast cancer relapsing after treatment with a taxane-containing
therapy. Ann Oncol 74: 1227-1233, 2003.

383
p—

3588

25 Lee JL, Kang YK, Kang HJ, Lee KH, Zang DY, Ryoo BY, Kim
JG, Park SR, Kang WK, Shin DB, Ryu MH, Chang HM, Kim
TW, Baek JH and Min YJ: A randomised multicentre phase II
trial of capecitabine vs S-1 as first-line treatment in elderly
patients with metastatic or recurrent unresectable gastric cancer.
Br J Cancer 99: 584-590, 2008.

26 von Minckwitz G, Schwedler K, Schmidt M, Barinoff J,
Mundhenke C, Cufer T, Maartense E, de Jongh FE, Baumann
KH, Bischoff J, Harbeck N, Liick HJ, Maass N, Zielinski C,
Andersson- M, Stein RC, Nekljudova V and Loibl S; GBG
26/BIG 03-05 study group and participating investigators:
Trastuzumab beyond progression: overall survival analysis of the
GBG 26/BIG 3-05 phase III study in HER2-positive breast
cancer. Eur J Cancer 47; 2273-2281, 2011.

27 Nakajima H, Mizuta N, Mizuta M, Nakatsukasa K, Kobayashi
A, Hachimine Y, Sakaguchi K, Fujiwara I and Sawai K: A case
of multi-drug resistant recurrent breast cancer with multiple bone
metastasis responding to TS-1 and trastuzumab. Gan To Kagaku
Ryoho 33: 1305-1308, 2006 (in Japanese).

28 Nomura T, Sonoo H, Miyake A, Souda M, Yamamoto Y, Shiiki
S, Ikeda M, Nakashima K, Tanaka K and Kurebayashi J: A case
of paclitaxel and trastuzumab-resistant recurrent breast cancer
with liver metastasis responding to S-1. Gan To Kagaku Ryoho
35: 1607-1610, 2008 (in Japanese).

29 Tokugawa T, Kobayashi A, Okubo K, Matsuyama T, Imai S and
Koyama H: A patient with multiple skin metastases from breast
cancer responding to S-1 effectively under treatment with
trastuzumab. Gan To Kagaku Ryoho 36: 679-862, 2009 (in
Japanese).

30 Kamigaki S, Arai T, Miwa H, Fukunaga M, Ohsato H, Imamura

H, Sohta Y, Kaze C and Furukawa H; A case of luminal B

recurrent breast cancer with liver and lymph node metastases

successfully treated with combination therapy of S-1 plus
trastuzumab. Gan To Kagaku Ryoho 37: 1321-1323, 2010 (in

Japanese).

Saito Y, Oshitanai R, Terao M, Terada M, Tsuda B, Okamura T,

Suzuki Y and Tokuda Y: Post-marketing safety evaluation of S-

1 in patients with inoperable or recurrent breast cancer:

especially in patients treated with S-1 + trastuzumab. Jpn J Clin

Oncol 41: 1051-1058, 2011.

3]

ot

Received February 20, 2014
Revised May 8, 2014
Accepted May 9, 2014



Articles

Sequential paclitaxel followed by tegafur and uracil (UFT) or
S-1 versus UFT or S-1 monotherapy as adjuvant
chemotherapy for T4a/b gastric cancer (SAMIT): a phase 3
factorial randomised controlled trial

Akira Tsuburays, Knzuhire Yoshide, Michiya Kobayashi, Shigefumi Yoshino, Masezumi Takahashi, Nobubiro Takiguchi, Kazuaki Tanabe,
Neoto Takehashi, Hiroshi tmamura, Naokuni Tatsurmota, Akineri Hara, Kazuhiro Nishikawe, Ryaji Fukushima, Isan Nozald, Hireshi Kojima,
Yumi Miyashita, Koji Oba, Marc Buyse, Satoshi Morite, Junichi Sakemoto

Summary

8ackground The prognosis for locally advanced gastric cancer is poor despite advances in adjuvant chemotherapy.
We did the Stornach cancer Adjuvant Multi-Institutional group Trial (SAMIT) to assess the superiority of sequential
treatment (paclitaxel then tegafur and uracil [UFT] or paclitaxel then $-1) compared with monotherapy (UFT or $-1)
and also the non-inferiority of UFT compared with S-1.

ftethods We did this randomised phase 3 trial with a two-by-two factorial design at 230 hospitals in Japan. We enrolled
patients aged 20-80 years with T4a or T4b gastric cancer, who had had D2 dissection and a ECOG performance score
of 0-1. Patients were randomly assigned to one of four treatment groups with minimisation for tumour size, lymph
node metastasis, and study site. Patients received UFT only (267 mg/m? per day), S-1 only (80 mg/m? per day) for
14 days, with a 7-day rest period or three courses of intermittent weekly paclitaxel (80 mg/m?) followed by either UFT,
or S-1. Treatment lasted 48 weeks in monotherapy groups and 49 weeks in the sequential treatment groups. The
primary endpoint was disease-free survival assessed by intention to treat. We assessed whether UFT was non-inferior
to S-1 with a non-inferiority margin of 1-33. This tzial was registered at UMIN Clinical Trials Registry, number
C0000600082.

Findings We randomly assigned 1495 patients between Aug 3, 2004, and Sept 29, 2009. 374 patients were assigned to
receive UFT alone, 374 to receive S-1 alone, 374 to received paclitaxel then UFT, and 373 to receive paclitaxel then
S-1. We included 1433 patients in the primary analysis after at least 3 years of follow-up (359, 364, 355, and 355 in
each group respectively). Protocol treatment was completed by 215 (60%) patients in the UFT group, 224 (62%) in
the 5-1 group, 242 (68%) in the paclitaxel then UFT group, and 250 {70%) in the paclitaxel then S-1 group. 3-year
disease-free survival for monotherapy was 54+0% (95% CI 50-2-57-6) and that of sequential treatrnent was 57-2%
(53460 8; hazard ratio [HR] 0- 92, 95% CI 0-80-1-07, p=0-273). 3-year disease-free survival for the UFT group was
53:0% (95% CI 49-2-56:6) and that of the S-1 group was 38-2% (54-4-61.8; HR 0.81, 95% CI 0.70-0-93,
p=0:0048; P, cictonty=0-151). The most comumeon grade 34 haematological adverse event was neutropenia (41 [11%]
of 359 patients in the UFT group, 48 [13%] of 363 in the 8-1 group, 46 [13%] of 355 in the paclitaxel then UFT group,
and 83 [23%] of 356 in the padlitaxel then S-1 group). The most common grade 3—4 non-haematological adverse
event was anorexia (21 [6%], 24 [7%], seven [2%)], and 18 [5%], respectively).

Interpratation Sequential treatraent did not improve disease-free survival, and UFT was not non-inferjor to S-1 (and
$-1 was superior to UFT), therefore 81 monotherapy should remain the standard treatment for Jocally advanced

gastric cancer in Japan.
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introduction
Gastric cancer is the fourth most common cancer worldwide
and the second leading cause of cancer mortdlity’ The
prognosis of locally advanced tumours remains poor despite
advances in adjuvant chemotherapy™ More eflective
adjuvant chemotherapy treatments are needed for curatively
resected but locally advanced gastric cancer.

Oral fluoropyrimidines and taxanes are often used to
treat both gastric and breast cancer,™ and taxanes are
important drugs for breast and ovarian cancer given

singly or in combination.*® Docetaxel provided modest
but better survival than did paclitaxel every 3 weeks in a
trial of advanced breast cancer; but its toxic effects were
worse, and it has not been compared with dose-dense
paclitaxel once per week, which is superior to paclitaxel
every 3 weeks for ovarian cancer.® Sequential treatment
with single taxanes is often preferred owing to fewer
toxic effects and quality of life seems to be better."
Peritoneal metastasis are the most common site of
relapse in patients with gastric cancer,” for whom serosal
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