was 0.50 (95% CI 0.36-0.70; P<0.001), and the HR for severe
neutropenia in comparison to absent neutropenia was 0.51 (95%
C10.35-0.73; P < 0.001). The rightmost column of Table 2 also
shows the results of multivariate regression analyses with
neutropenia as a TVC. Neutropenia was still a highly statistically
significant prognostic factor. The HR for mild neutropenia in
comparison to absent neutropenia was 0.61 (95% CI 0.43-0.85;
P =0.004), and the HR for severe neutropenia in comparison to
absent neutropenia was 0.61 (95% CI 0.41-0.88; P = 0.009). In
subgroup analyses, both mild and severe neutropenia tended to be
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associated with improved prognosis in most subgroups (Figure 3).
Among the patients in landmark cohorts, mild and severe
neutropenia remained significant prognostic factors according to
survival analyses (Table 3).

discussion

In this study, we found significantly improved survival in
patients who experienced neutropenia during weekly paclitaxel
administration as second-line chemotherapy for AGC. The

Table 3. Univariate and multivariate analysis with or without TVCs (landmark cohort)

Neutropenia

Absent 1.00 - - 1.00

Mild 0.68 0.49-0.98 0.039 0.54

Severe 0.71 0.46-1.06 0.13 0.61
Age (years)

<65 1.00 - - 1.00

265 115 0.84-1.58 0.39 —*
Gender

Male 1.00 - - 1.00

Female 131 0.81-1.54 0.52 =*
ECOG PS

0-1 1.00 - - 1.00

2 2.21 1.53-3.19 <0.001 2.25
Histological type

Diffuse 1.00 - - 1.00

Intestinal 0.90 0.63-1.29 0.54 0.72
Disease status

Advanced 1.00 - - 1.00

Recurrent 0.75 0.54-1.01 0.06 —*
Prior gastrectomy

No 1.00 - - 1.00

Yes 0:85 0.62-1.16 +0.31 -
Adjuvant chemotherapy

No 1.00 - - 1.00

Yes 0.67 0.46-0.98 0.043 0.60
Peritoneal metastasis

No 1.00 - - 1.00

Yes 1.36 0.97-1.89 0.07 =*
Liver metastasis

No 1.00 - - 1.00

Yes 1.08 0.76-1.53 0.67 —*
No. of metastatic sites

1 1.00 - - 1.00

2 or more 1.90 1.38-2.61 <0.001 2.09
First-line chemotherapy

Monotherapy 1.00 - - 1.00

Combination 1.12 0.79-1.57 0.52 -*
TTF of first line

<Median 1.00 - - 1.00

>Median 0.83 0.60-1.12 0.21 1.28
Pretreatment neutrophil count

<Median 1.00 - - 1.00

2Median 1.28 0.94-1.74 0.11 129

= = 1.00 = =
0.36-0.82 0.004 0.60 0.41-0.88 0.009
0.39-0.95 0.032 0.65 0.44-0.98 0.048
-1 - 1.00 - s

_* _* _* _* *

= = 1.00 < =

_* _* _* _* ot

. x 1.00 = s
1.51-3.38 <0.001 2.27 1.57-3.28 <0.001
s s 1.00 % =
- 0.49-1.09 0.12 0.74 0.50-1.11 0.13
- = 1.00 -~ L

wob _* L% o Lo

& * 1.00 = =

_* Pl g - _)f

- - 1.00 - -
0.38-0.91 0.03 0.66 0.45-0.97 0.035
£ = 1.00 = =

= —* 1.29 0.91-1.82 0.14
- - 1.00 . =

L > % . ke

. - 1.00 = -
1.42-3.09 <0.001 1.91 1.39-2.62 <0.001
= = 1.00 — L

- _* _* _* >

- — 1.00 - s
0.90-1.81 0.16 1.21 0.89-1.83 0.19
< - 1.00 - .
0.92-1.80 0.14 1.25 0.90-1.75 0.18

TVC, time-varying covariate; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; TTF, time to
treatment failure. —* indicates variable excluded from the model by stepwise method. Statistically significant values are in italics.

2408 | Shitara et al.

Volume 21 |No. 12 | December 2010

-278-

LLOZ ‘pL Aleniga4 uo anua) Jeoue) 1ydly e 61o's|eunolpiopxo-ououUE wolj papeojumoq



Annals of Oncology

frequency of neutropenia in this study is comparable to
previous clinical study reports on weekly paclitaxel regimens
for AGC [13, 14]. Our results indicate that both mild and
severe episodes of neutropenia occurring during chemotherapy
have a significant impact on the risk of death, after adjustment
for baseline prognostic factors. To the best of our knowledge,
this is the first evidence of this phenomenon in pretreated
advanced cancer patients. From our results, we speculate that
neutropenia, an indication of bone marrow suppression caused
by a particular dose of chemotherapeutic agent, may also be
a surrogate marker that indicates that the same dose is adequate
in providing an antitumor effect. In other words, lack of
neutropenia indicates an absent or weak biological effect of
chemotherapy, which is possibly due to administering too low a
dose to an individual patient. The causes of this interpatient
variation are unclear, but genetic polymorphisms involved
with drug metabolism or elimination may be among them.
Since neutropenia does not exist before the initiation of
chemotherapy, a false association between neutropenia and
patient outcomes might have been observed because of a higher
incidence of neutropenia with increasing cycles of
chemotherapy in patients with better prognosis. Therefore, to
answer our a priori hypothesis, analyses using the Cox
proportional hazards model were carried out to remove
confounding factors and neutropenia as TVCs, which is one
of the strengths of this study. We further evaluated the impact
of neutropenia in patients who survived >2.5 months and
found that neutropenia consistently showed improved survival.
Additionally, 74.4% of patients with neutropenia experienced
their highest grade within 4 weeks, and those without
neutropenia during the first 4 weeks rarely experienced severe
late-onset neutropenia. These observations were similar to
results in our previous report on patients with metastatic
colorectal cancer who received FOLFOX as first-line
chemotherapy [9]. These results indicate that the possibility of
false-positive association by lead-time bias is low. In addition,
the feasibility of a weekly paclitaxel regimen is also confirmed
in our study since the frequencies of toxic effects other than
neutropenia are low. These findings provide some insight for
future evaluations of dose escalation in patients without neu-
tropenia during the early course of treatment to prolong the
survival. Neutropenia in earlier cycles can be used as
a surrogate marker for adequate paclitaxel dose intensity, and
future evaluation of this procedure is strongly warranted.
There are several methodological issues. This was
a retrospective cohort study evaluating the association between
neutropenia and overall survival. There are several reports that
high neutrophil or leukocyte counts before treatment might
be poor prognostic factors and that these patients might be less
likely to experience neutropenia during treatment; however,
our multivariate analysis, which included the pretreatment
neutrophil counts, showed that neutropenia during
chemotherapy was independently associated with prognosis.
Since the median number of chemotherapy cycles was higher in
patients with neutropenia compared with those without
neutropenia. There might be the possibility that duration of
chemotherapy itself might affect the treatment results.
However, since most patients discontinued treatment due to
disease progression, there might be the possibility that
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treatment was discontinued earlier by tumor progression due to
insufficient dose. Therefore, it is questionable that duration of
chemotherapy itself might affect the treatment results. The
moderate sample size in this study may be a limitation,
indicating that this analysis should be duplicated in another
independent cohort.

In conclusion, neutropenia occurring during weekly
paclitaxel treatment administered as second-line treatment to
AGC patients is strongly associated with better prognosis. This
may indicate that neutropenia is a surrogate marker for
adequate antitumor doses of chemotherapeutic agents. An
additional well-defined prospective trial that evaluates dose
escalation in patients without neutropenia during the early
course of treatment is warranted.
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Abstract

Background: A relationship between dietary folate intake and efficacy of fluorouracil (FU) is supported by
preclinical data. Furthermore, there are several reports that evaluated genetic polymorphisms of MTHFR
(methylenetetrahydrofolate reductase) or TYMS (thymidylate synthase) and efficacy of FU. However, to
our knowledge, there are no reports that evaluate simultaneously the effects of folate intake and genetic poly-
morphisms on clinical outcome of gastric cancer patients.

Methods: We retrospectively analyzed the survival impact of estimated folate intake by a food frequency
questionnaire and MTHFR and TYMS polymorphisms in 132 patients with advanced gastric cancer who were
treated with first-line FU-based chemotherapy.

Results: Median overall survival was 11.3 months (95% confidence interval, 9.4-13.4 mo) and median
progression-free survival was 5.2 months (95% confidence interval, 4.1-6.3 mo). Patients with folate intake
of >260 pg/day (n = 88) showed longer overall survival compared with low folate intake (n = 44; overall
survival, 12.2 versus 8.4 mo). In a multivariate Cox model, patients who had folate intake of >260 pg/day,
MTHEFR 677 TT polymorphism, and TYMS-3' untranslated region 6-bp insertion were associated with better
survival. Similar tendency was observed in progression-free survival. No interaction was observed between
folate intake and favorable genotypes.

Conclusion: Folate intake and genetic polymorphisms of MTHFR and TYMS were associated with better
clinical outcome by FU-based chemotherapy in advanced gastric cancer.

Impact: Our results suggested folate intake and folate-related genetic polymorphisms may play an impor-
tant role in efficacy of FU-based chemotherapy in advanced gastric cancer. Cancer Epidemiol Biomarkers Prev;

19(5); 1311-9. ©2010 AACR.

Introduction

Fluorouracil (FU) is the most widely used drug for ad-
vanced gastric cancer. Oral fluoropyrimidines, such as ca-
pecitabine or S-1, which contain the prodrug of FU, show
similar efficacy to FU (1-3). FU is converted to 5-fluoro-
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dUMP, which forms a ternary complex with thymidylate
synthase (TYMS) and 5-10-methylene tetrahydrofolate
(4). Formation of this ternary complex results in sus-
tained inhibition of TYMS and further DNA synthesis,
which is thought to be the predominant mechanism of
the antitumor effect of FU or fluoropyrimidines (4).

Folate metabolism is an important pathway for the
antitumor effect of FU because antitumor activity is depen-
dent on an interaction with folate metabolism (4). Increased
5-10-methylene tetrahydrofolate may produce tighter ter-
nary complexes and improved antitumor efficacy of FU.
5,10-Methylenetetrahydrofolate reductase (MTHFR) is a
key enzyme in folate metabolism, which catalyzes the irre-
versible conversion of 5-10-methylene tetrahydrofolate to
5-methyltetrahydrofolate (5). Because decreased activity
of MTHER may result in accumulation of 5-10-methylene
tetrahydrofolate and improve the antitumor efficacy of
FU, several studies evaluated genetic polymorphisms
of MTHFR, with or without genetic polymorphisms of
TYMS in patients with advanced gastric cancer, although
the clinical data are still controversial (6-10).
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In preclinical data, a substantial effect of dietary folate
intake on the efficacy and safety of FU was suggested
(11, 12), although only two clinical studies in colorectal
cancer evaluated this relationship (13, 14). In addition,
combined analysis between folate intake and genetic
polymorphisms of MTHFR or TYMS is reported to be im-
portant when investigating gastric cancer risk (15-17).
However, there are no reports that evaluate the effect of
folate intake and genetic polymorphisms simultaneously
on clinical outcome of advanced gastric cancer.

To address this issue, we did a retrospective cohort
study using data from the Hospital-Based Epidemiologic
Research Program at Aichi Cancer Center (HERPACC)
combined with clinical data from Aichi Cancer Center
Hospital, Japan.

Materials and Methods

Patients. Cases were selected from the database of
the HERPACC conducted at Aichi Cancer Center Hos-
pital. Details of the HERPACC have been described
elsewhere (18, 19). In brief, 23,408 HERPACC-enrolled,
first-visit outpatients treated between January 2001
and November 2005 were asked to provide blood sam-
ples in addition to information on lifestyle factors. Of
those who participated, 22,727 (97.1%) subjects com-
pleted the questionnaire satisfactorily and were en-
rolled in the HERPACC. The study was approved by
the Institutional Ethical Committee of Aichi Cancer Center
Hospital. )

In the present study, cases of newly diagnosed ad-
vanced gastric cancer who participated in the HERPACC
with the following criteria were included: (a) presence
of histologically or cytologically proven, inoperable
gastric cancer, (b) treated with first-line chemotherapy
with FU, (c) performance status according to the East-
ern Cooperative Oncology Group criteria of 0 to 2,
(d) sufficient oral intake possible (no use of i.v. hyper-
alimentation, (e) written informed consent before che-
motherapy, and (f) blood samples available for the
analysis. During the same period of HERPACC, overall
267 patients with advanced gastric cancer were treated
by chemotherapy in our hospital. Among them, 212
patients completed the questionnaire of HERPACC
(79.4%) and 132 patients met the criteria and were
included as subjects in this study.

Estimation of folate intake. Folate intake was estimat-
ed through responses in the HERPACC questionnaire.
The HERPACC questionnaire included items on demo-
graphic characteristics, family and individual medical
history, height and weight, exercise, smoking and drink-
ing habits, vitamin use, and consumption of selected
foods and beverages. All dietary exposures were deter-
mined by a food frequency questionnaire (20, 21), a
self-administered questionnaire given to patients at their
first visit to Aichi Cancer Center Hospital before any di-
agnostic procedures were conducted. Briefly, the food fre-
quency questionnaire consisted of 47 single food items

with frequencies in eight categories. We estimated the av-
erage daily intake of nutrients by multiplying the food
intake (in grams) or serving size by the nutrient content
per 100 g of food as listed in the standard tables of food
composition. Consumption of nutrients from supple-
ments was not considered in total vitamin consumption
because the questionnaire for multivitamins was not
quantitative (22). However, this might affect the results
of folate intake; therefore, we included the variable use
of vitamin supplement (yes, 1; no, 2) in the multivariate
analysis. Energy-adjusted intakes of food groups and nu-
trients were calculated using the residual method (23).
The food frequency questionnaire was validated by refer-
ring to a 3-day weighted dietary record as a standard,
which showed validity (20) and reproducibility to be
satisfactory. The deattenuated r's for energy-adjusted

Table 1. Patient characteristics and genetic
polymorphisms
Characteristics n (%; N = 132)
Age Median (range) 58 (30-80)
Gender Male 91 (69)
Female 41 (31)
ECOG PS 0-1 111 (84)
2 21 (16)
Disease status Advanced 98 (74)
Recurrent 34 (26)
Pathologic type Diffuse 103 (78)
Intestinal 29 (22)
Previous gastrectomy Yes 59 (45)
No 73 (65)
Adjuvant Yes 8 (6)
No 124 (94)
Metastatic place 1 73 (85)
>2 59 (45)
Ascites Yes 28 (21)
No 104 (79)
Folate intake* Low 44 (33)
Medium 44 (33)
High 44 (33)
MTHFR 677 C/C 53 (40)
C/T 59 (45)
T/T 20 (15)
TYMS-5'UTR 2R/2R 3
2R/3R 41 (31)
3R/3R or 3R/other 88 (67)
TYMS-3'UTR +6 bp/+6 bp 19 (14)
+6 bp/-6 bp 68 (52)
-6 bp/-6 bp 45 (34)
Abbreviations: ECOG, Eastern Cooperative Oncology
Group; PS, performance status.
*Folate intake was divided in three groups: low (<260 ug/d),
medium (>260 and <340 pg/d), and high (=340 pg/d).
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Table 2. Univariate and multivariate analysis of overall survival
Variant Genotype/classification n Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% CI) P
Folate intake Low (<260 pg/d) 44 1.00 1.00
Medium/high (>260 pg/d) 88 0.60 (0.41-0.89) 0.013 0.65 (0.44-0.96) 0.030
MTHFR 677 C/C or C/T 112 1.00 1.00
TT 20 0.78 (0.48-1.2) 0.300 0.57 (0.33-0.97) 0.039
TYMS-5'UTR 2R/2R or 2R/3R 44 1.00 1.00
3R/3R or 3R/other 88 0.87 (0.59-1.28) 0.508 0.78 (0.51-1.18) 0.220
TYMS-3'UTR -6 bp/-6 bp or +6 bp/-6 bp 113 1.00 1.00
+6 bp/+6 bp 19 0.45 (0.25-0.81) 0.008 0.41 (0.22-0.76) 0.005
NOTE: Adjusted by age, performance status, pathologic type, disease status, previous gastrectomy, adjuvant, ascites, metastatic
location, regimens, vitamin use, and calorie intake (less than median or more than or equal to median).
Abbreviation: HR, hazard ratio.

intakes of folate were 0.36 [95% confidence interval (95%
CI), 0.12-0.58] in men and 0.38 (95% CI, 0.25-0.62) in
women, respectively.

Evaluation of genetic polymorphisms. DNA of each
subject was extracted from the buffy coat fraction with
the DNA Blood mini Kit (Qiagen K.K.). Genotyping for
the MTHFR C677T [a database of Single Nucleotide Poly-
morphism (dbSNP) ID, rs1801133] was based upon Tag-
man Assays (Applied Biosystems). The TYMS 28-bp
variable number of tandem repeat polymorphism
(dbSNP 1D, rs45445694) was defined by PCR using 5'-
CGTGGCTCCTGCGTTTCC-3' and 5'-GAGCCGGCCA-
CAGGCAT-3' primers. The TYMS 6-bp insertion / deletion
(6/6) in the 3' untranslated region (UTR) polymorphism
(dbSNP ID, rs16430) was determined by PCR using
5'-CAAATCTGAGGGAGCTGAGT-3' and 5'-CAGA-
TAAGTGGCAGTACAGA-3' primers followed by diges-
tion with the restriction enzyme Dral (New England
BioLabs). Five percent of the samples were examined
in duplicate for consistency, and 100% agreement was
observed.

Evaluation of treatment and statistical methods. The
primary purpose of this study was to evaluate the asso-
ciation between estimated folate intake, genetic poly-
morphisms, and overall survival, which was defined as
the interval between the date of initial chemotherapy to
the date of death or last follow-up using the Kaplan-
Meier method. Progression-free survival associated with
first-line chemotherapy was also measured from the be-
ginning of treatment to the date of disease progression,
which was evaluated by each physician. Vital status or
disease status was confirmed by checking medical record
at the last date of follow-up visit. In the case of lost to
follow-up, vital status was confirmed by census registra-
tion conducted annually. Association between genetic
polymorphisms, folate intake, and progression-free sur-
vival was also evaluated. To evaluate the effect of genetic
polymorphisms and folate intake on overall survival and

progression-free survival, univariate and multivariate
Cox proportional hazards modeling was applied. There-
fore, a measure of association in this study was the haz-
ard ratio along with a 95% CI. Forward and backward
stepwise methods were used for model building using
threshold P values 0.10 for inclusion and 0.20 for exclu-
sion. Toxicity during first-line chemotherapy was also
evaluated and graded according to the National Cancer
Institute Common Toxicity Criteria version 3.0. Distribu-
tion of subject characteristics was assessed by the X test
or the Fisher's exact test as appropriate. Statistical analy-
ses were done using STATA ver. 10 (StataCorp LP). All
tests were two-sided, and P < 0.05 was considered statis-
tically significant.

Results

Patient characteristics and survival. Detailed charac-
teristics of 132 patients are shown in Table 1. Although
vitamin supplement was not reported in detail, any vita-
min supplement was used in 30 (22.7%) of 132 patients.
First-line chemotherapy was administered as follows: S-1
alone (n = 92), S-1 combination (n = 19; S-1 + cisplatin in
16 patients, S-1 + docetaxel in two patients, S-1 + irinote-
can in one patient), and other FU combinations (n = 21;
FU + cisplatin in 13 patients, FU + methotrexate in eight
patients), indicating fewer patients received combination
chemotherapy (n = 40; 30%) compared to monotherapy
(n = 92; 70%). Detailed schedule of each chemotherapy
was shown in Supplementary Table S1 and in reference
(3, 24-28). Median duration of first-line chemotherapy
was 4.8 months. One hundred twenty-three patients expe-
rienced disease progression with a median progression-
free survival of 5.2 months (95% CI, 4.1-6.3 mo). Among
the patients who experienced disease progression, sec-
‘ond-line chemotherapy was applied in 90 patients
(73%). At the time of analysis, 118 (89%) patients had died,
with a median follow-up of 61 months since initiation of
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first-line chemotherapy. Median overall survival for all
patients was 11.3 months (95% CI, 9.4-13.4 mo), which
was almost similar to the patients with advanced gastric
cancer who were treated in our hospital and were not
included in this analysis (n = 135; 11.5 mo; 95% CI,
9.8-12.6 mo).

Results of folate intake and genetic polymorphisms of
MTHEFR and TYMS. Estimated folate intake was divided
into three groups: low (<260 pg/d; lowest tertile), medi-
um (>260 and <340 pg/d; middle tertile), and high (>340
pg/d; highest tertile), and the number of patients in these
groups was 44, 44, and 44, respectively. The estimated
median total calorie intakes in each folate group were
as follows: 1,580 kcal (range, 1,131-2,498), 1,600 kcal
(range, 910-2,667), and 1,703 kcal (range, 965-2,467).

The frequencies and types of the MTHFR C677T poly-
morphisms, polymorphic variable number of tandem
repeat in the TYMS-5'UTR region, and the 6+/6— poly-
morphism in the TYMS-3'UTR were shown in Table 1.
Genotype distributions of all the polymorphisms were
in accordance with Hardy-Weinberg equilibrium. We also

confirmed genotyping of insertion/deletion for by se-
quencing of 10% of samples with completed accordance.

Owerall survival according to folate intake and genetic
polymorphisms. Table 2 shows univariate and multivar-
iate analyses of folate intake and genetic polymorph-
isms as prognostic factors for a better overall survival.
In the multivariate analysis, patients with intermediate
or high folate intake (n = 88) were significantly associated
with better survival than patients with low folate intake
(n = 44; overall survival, 12.2 versus 8.2 mo; hazard ratio,
0.65; 95% CI, 0.44-0.96; P = 0.03; Fig. 1A). Hazard ratios
for medium and high groups were 0.65 (95% CI, 0.41-1.03)
and 0.62 (95% CI, 0.38-1.01), respectively. Therefore, we
decided to conduct analyses by dichotomization by
medium/high (>260 pg/d) versus low (<260 pg/d) folate
intake. In addition, when we stratified other clinical
factors, vitamin use, or estimated total calorie, medium/
high folate intake tended to be associated with improved
prognosis in almost all subgroups (Fig. 1B).

Patients who had MTHFR TT also had significantly
better survival compared with patients with CT or
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CC (hazard ratio, 0.57; 95% CI, 0.33-0.97; P = 0.039).
Hazard ratios for CT and TT compared with CC were
1.05 (95% CI, 0.70-1.65) and 0.59 (95% CI, 0.32-1.06), re-
spectively. Therefore, we used the recessive model
(CC/CT versus TT).

Patients who had +6/+6 in TYMS-3'UTR had also sig-
nificantly better survival compared with —6/-6 or —=6/+6
(hazard ratio, 0.41; 95% CI, 0.22-0.76; P = 0.01). In con-
trast, no association was seen between presence of
TYMS-5'UTR and survival (hazard ratio, 0.78; 95% CI,
0.51-1.18; P = 0.220). We did not conduct the haplotype
analysis because linkage disequilibrium between repeat
polymorphism and insertion/deletion polymorphism
was very low (R* = 0.03; D’ = 0.3).

Progression-free survival according to folate intake
and genetic polymorphisms. According to the multivari-
ate analysis for progression-free survival, patients with
intermediate or high folate tended to be associated with
longer progression-free survival with marginal statistical
significance (progression-free survival, 6.3 versus 4.0 mo;
hazard ratio, 0.74; 95% CI, 0.50-1.07; P = 0.094; Table 3;
Fig. 2). Presence of +6/+6 in TYMS-3'UTR or MTHFR
TT was significantly associated with longer progression-
free survival (Table 3), similar to what was seen in overall
survival.

Interaction of genetic polymorphisms and folate
intake. The interaction of favorable genotypes and folate
intake is shown in Table 4. When we stratified patients
according to genotypes, medium or high folate intake
was associated with better survival regardless of any
genotypes, and no significant interaction was observed
between folate intake and genetic polymorphisms on ei-
ther overall survival or progression-free survival.

Relationships between toxicity and folate intake or
genetic polymorphisms. Hematologic toxicity (grade 3-4)
was observed in 34 patients (20.3%), and nonhematologic
toxicity (grade 3-4) was seen in 21 patients (15.9%). The
frequency of hematologic and nonhematologic grade 3
to 4 toxicity was significantly higher in patients with

medium/high folate intake than low folate intake after
it was adjusted by age, performance status, gender, and
regimens (Table 5). Although favorable genotypes did
not correlate to grade3 to 4 toxicity, MTHFR TT tend to
be associated with higher frequency of hematologic
toxicity with borderline significance (P = 0.072; Table 5).

Discussion

In this study, we found that medium or high amount of
folate intake and genetic polymorphisms in TYMS and
MTHFR were associated with significantly better survival
in advanced gastric cancer patients treated with FU-based
chemotherapy. Similar tendencies were observed in
progression-free survival, thus inferring that folate intake
and these two polymorphisms have predictive values
for FU-based chemotherapy in advanced gastric cancer.
However, folate intake and genetic polymorphisms were
independent, and no significant interaction was observed.
In addition, folate intake was associated with increased
frequency of toxicity.

To our knowledge, there are only two studies that di-
rectly evaluated treatment outcome of FU-based chemo-
therapy and folate (13, 14). In one study, Canadian
patients receiving adjuvant FU and leucovorin were
prospectively assessed for biomarkers of folate meta-
bolism (13). Multivariate analyses identified baseline se-
rum folate as an independent positive predictor of grade
3 and/or 4 toxic effect. Similar results were found in a
study on capecitabine monotherapy in Australia (14),
in which patients with higher baseline levels of serum fo-
late had a significantly increased incidence of toxic
events. These two reports suggested importance of folate
in patients with treated with FU, although they did not
evaluate the efficacy of treatment or the genetic poly-
morphisms. In contrast, we evaluated efficacy (overall
survival and progression-free survival) and toxicity in
this study. In addition, we evaluate folate and genetic
polymorphisms simultaneously. As a result, increased

Table 3. Univariate and multivariate analysis of progression-free survival
Variant Genotype/classification n Univariate analysis Multivariate analysis
HR (95% Cl) P HR (95% Cl) P
Folate intake Low (<260 pg/d) 44 1.00 1.00
Medium/high (>260 pg/d) 88 0.81 (0.55-1.18) 0.280 0.74 (0.50-1.07) 0.094
MTHFR 677 C/C or C/T 112 1.00 1.00
TT 20 0.66 (0.38-1.15) 0.140 0.53 (0.29-0.99) 0.046
TYMS-5'UTR 2R/2R or 2R/3R 44 1.00 1.00
3R/3R or other 88 1.10 (0.77-1.69) 0.500 0.94 (0.62-1.43) 0.780
TYMS-3'UTR —6 bp/-6 bp or +6 bp/-6 bp 113 1.00 1.00
+6 bp/+6 bp 19 0.56 (0.31-0.99) 0.049 0.49 (0.25-0.9) 0.029
NOTE: Adjusted by age, performance status, pathologic type, disease status, previous gastrectomy, adjuvant, ascites, metastatic
location, regimens, vitamin use, and calorie intake (less than median or more than or equal to median).
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Figure 2. Hazard ratios for death
and 95% Cls. HR, hazard ratio.

In subgroup analyses, medium/
high folate intake tended to be
associated with improved
prognosis in almost all subgroups.
PS, performance status.

0.48 (0.24-0.91)
0.75 (0.46-1.28)

0.49 (0.27-0.89)
0.71(0.37-1.31)

0.63 (0.38-1.02)
0.43 (0.18-0.98)

0.50 (0.28-0.91)
0.62 (0.31-1.25)

0.56 (0.35-0.89)
0.80 (0.32-2.02)

folate intake was associated with better survival of ad-
vanced gastric cancer in this study. Although the cause
of this association is unclear, one may suggest that suf-
ficient folate intake might be important for FU to exert
its antitumor effect. Supporting this hypothesis, folinic
acid, which increases the 5-10-methylene tetrahydrofo-
late levels in cancer cells, is reported to result in a tighter
ternary complex of TS, 5-10-methylene tetrahydrofolate,
and 5-fluoro-dUMP (4) and showed increased antitumor
effects of FU in gastric cancer (29). Therefore, in addition
to folinic acid, daily supplementation of folate may be an
important factor having an impact on the efficacy of FU.

Toxicity is also higher in patients with medium/or high
folate intake patients, which suggests increased cytotoxi-
city by folate intake not only in cancer cells but also in
normal tissue. Although methodology was different in
our study (estimated folate intake) and previous studies
(serum folate), these results might suggest importance of
folate in FU-based chemotherapy. Because the impact of
folate intake was more intense in overall survival than
progression-free survival in our study, other mechanisms
than through FU may exist that explain the better
survival of advanced gastric cancer patients with higher
folate intake.
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Table 4. Association of folate intake and survival stratification by genotype or other clinical factors

Folate intake* n Multivariate analysis Multivariate analysis
for OS for PFS
HR (95% CI) Pt HR (95% CI) Pt
MTHFR 677 C/C or C/T Low 36 1.00 0.55 1.00 0.83
Medium/high 76 0.59 (0.37-0.92) 0.73 (0.48-1.11)
T Low 8 1.00 1.00
Medium/high 12 1.19 (0.22-6.3) 3.1 (0.52-19)
TYMS-5'UTR 2R/2R or 2R/3R Low 17 1.00 0.45 1.00 0.12
Medium/high 27 0.44 (0.21-0.92) 0.51 (0.24-1.07)
3R/3R or other Low 27 1.00 1.00
Medium/high 61 0.69 (0.43-1.15) 1.02 (0.61-1.71)
TYMS-3'UTR -6 bp/-6 bp or Low 37 1.00 0.27 1.00 0.98
+6 bp/-6 bp Medium/high 76 0.66 (0.43-1.01) 0.71 (0.47-1.08)
+6 bp/+6 bp Low 7 1.00 1.00
Medium/high 12 0.10 (0.01-0.46) 0.33 (0.03-3.9)

NOTE: Adjusted by age, performance status, pathologic type, disease status, previous gastrectomy, adjuvant, metastatic location,
regimens, vitamin supplement use, and calorie intake (less than median or more than or equal to median).

Abbreviations: OS, overall survival; PFS, progression-free survival.

*Folate intake was divided as follows: low (<260 pg/d) and medium/high (>260 pg/d).

TFor interaction.

The MTHFR 677TT genotype was strongly associated
with better clinical outcome according to our multivariate
survival analysis. MTHFR 677C/T results in an alanine-
to-valine substitution that induces a thermolabile variant
of the enzyme with reduced activity (5). This may result
in accumulation of 5-10-methylene tetrahydrofolate and
improved efficacy of FU. Not only better survival but also
relatively higher toxicity was seenin TT type in this study,
which may support increased cytotoxicity in TT type. In
addition, no gene-folate interaction was seen in this

study; MTHFR 677TT and folate intake may complemen-
tarily increase levels of 5-fluoro-dUMP and therefore
increase the effect of FU.

(+6 bp/+6 bp) polymorphism TYMS-3UTR had signifi-

the controversies on the biological significance of the
TYMS-3UTR insertion/deletion polymorphism (30, 31),
further studies are necessary to evaluate several genetic

In our study, patients homozygous for the insertion

cantly better survival than those homozygous for the dele-
tion or those that were heterozygous (+6 bp/-6 bp). Given

Table 5. The frequency of toxicity according to genetic polymorphisms or folate intake

Variant Toxicity

Nonhematologic (grade 3-4)

Hematologic (grade 3-4)

n (%) OR (85% ClI) P n (%) OR (95% Cl) P

Folate intake* Low (n = 44) 49 1.00 5(11) 1.00
Medium/high (n = 88) 23 (26) 3.91(1.21-12.6) 0.022 16(18) 1.81(0.60-5.34) 0.29

MTHFR 677 C/Cor C/T (n =112) 20 (17) 1.00 16 (14) 1.00
T/T (h = 20) 7 (35) 2.87 (0.90-8.91) 0.072 5(25) 2.00 (0.59-6.75) 0.24

TYMS-5'UTR 2R/2R or 2R/3R (n = 44) 9 (20) 1.00 7 (15) 1.00
3R/3R or 3R/other (n = 88) 18 (20) 1.14 (0.42-3.12) 0.81 14 (15) 1.23 (0.42-3.59) 0.71

TYMS-3'UTR -6 bp/-6 bp or +6 bp/-6 bp (n = 113) 23 (20) 1.00 17 (19) 1.00
+6 bp/+6 bp (n = 19) 4 (1) 1.07 (0.28-4.11) 0.92 4 (21) 1.66 (0.42-6.41) 0.47

NOTE: Adjusted by age, performance status, gender, regimens, vitamin supplement use, and calorie intake (less than median or
more than or equal to median).

Abbreviation: OR, odds ratio.

*Folate intake was divided as follows: low (<260 pg/d) and medium/high (>260 ug/d).
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polymorphisms of TYMS in terms of not only clinical
outcome but also resulting TYMS activity in blood
and tumor tissue simultaneously.

An additional TYMS polymorphism consisting of two
or three 28-bp repeated sequences in the TYMS 5'UTR
locus did not show any impact on clinical outcome in
our study. Several studies on TYMS expression and this
polymorphism were reported especially in colorectal can-
cer, with some clinical studies showing favorable results
in 2R/2R (32-34). However, two recent studies in ad-
vanced gastric cancer did not show any significant im-
pact of this polymorphism as seen with our results (7, 9).
Although further studies may be necessary, the clinical
significance of this polymorphism may be limited.

Our study had several methodologic strengths. First,
exposure of interest, folate intake, and polymorphisms
were measured before the treatment; therefore, chrono-
logical relation between exposure and outcome was in
order. Moreover, because clinicians associated with cases
in this study did not know the exposure status until the
study, it is less likely to introduce the view of researchers
as a bias. Secondly, potential confounders such as perfor-
mance status and disease status were considered in the
analyses; therefore, associations that we observed were
theoretically independent of confounders, although we
cannot completely rule out effect of residual confounding
by unevaluated factors. Lastly, given that our allele fre-
quencies were comparable to those previously reported
in public databases, bias in the distribution of selected
polymorphisms was negligible.

There are several methodologic issues in this study.
The food frequency questionnaire was quite short, and
validity and reliability of folate intake were modest.
There is a possibility of misclassification of exposure
and high folate intake being a marker for other beha-
viors. However, we tried to include other possible factor
such as performance status or disease site to exclude this
bias. In addition, when we evaluated other estimated nu-
trients (Supplementary Table S2), none was considered to
be significant other than folate intake. In addition, we did
not conduct validation between estimated nutrients and
biomarkers such as serum folate concentration. In addi-
tion, we did not evaluate behavior change after the diag-
nosis. These points are also limitations in this study.

A small portion of patients received combination che-
motherapy because monotherapy of FU or S-1 was the
standard chemotherapy regimen at the time of this
study. Current standard treatment for advanced gastric
cancer in Japan and other countries is FU plus platinum
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Background: Submucosal tumors (SMTs) comprise both benign and malignant lesions, and most of the gastric
lesions tend to be malignant. The addition of EUS-guided FNA (EUS-FNA) has the potential to improve this
distinction, but published series are limited.

Objective: To evaluate the yield of EUS-FNA in gastric SMTs with referral to a criterion standard final diagnosis.
Design: Retrospective study.
Setting: Tertiary-care referral center.

Patients: This study involved 141 consecutive patients with gastric SMTs, who underwent EUS-ENA from January
2000 to December 2008. Immunohistochemical staining with ¢-kit, CD34, actin, and S-100 antibodies was done if a
spindle cell tumor was found. Based on FNA sample adequacy, and whether a specific diagnosis could be established,
EUS-FNA results were categorized as diagnostic, suggestive, or nondiagnostic. The criterion standards for final
diagnosis were the surgical histopathological results or the follow-up course for malignant, inoperable cases.

Intervention: EUS-FNA.

Main Outcome Measurements: Diagnostic yield of EUS-FNA and factors related to sampling adequacy for
cytological and immunohistochemical evaluation.

Results: A total of 141 patients (52% female, mean age 50.7 years) underwent EUS-FNA (range 1-5 passes). The
overall results of EUS-FNA were diagnostic, suggestive, and nondiagnostic in 43.3%, 39%, and 17.7% of cases,
respectively. Adequate specimens were obtained in 83% of cases, and 69 cases (48.9%) had a definitive final
diagnosis. The most common gastric SMT was GI stromal tumor (59.5%). EUS-FNA results were 95.6% accurate
(95% confidence interval [CI], 87.5%-99%) for the final diagnosis and 94.2% (95% CI, 85.6%-98.1%) accurate for
differentiating potentially malignant lesions. A heterogeneous echo pattern was the only independent predictor
for sampling adequacy (adjusted odds ratio 6.15; P = .002). There were no procedure-related complications.

Limitations: Possibility of selection bias.

Conclusion: EUS-FNA is an accurate method for diagnosis of gastric SMTs and for differentiating malignant
lesions. (Gastrointest Endosc 2010,71:913-9.)

Abbreuviations: EUS-FNA, EUS-guided FNA; GIST, GI stromal tumor; IHC,
immunohistochemical; SMT, submucosal tumor.

DISCLOSURE: All authors disclosed no financial relationships relevant to
this publication.
See CME section; p. 1028

Copyright © 2010 by the American Society for Gastrointestinal Endoscopy
0016-5107/$36.00
doi:10.1016/j.gie.2009.11.044

Received August 12, 2009. Accepted November 13, 2009.

Current affiliations: Department of Gastroenterology (M.AM., K.Y, AS,,
N.M., K.H.), Aichi Cancer Center Hospital, Nagoya, Japan, Department of

Tropical Medicine and Gastroenterology (M.AM., MAAN,, A.M.0.), Assiut
University, Egypt, Aichi Prefectural College of Nursing and Health (T.K.),
Nagoya, Japan, Department of Pathology and Molecular Diagnostics (Y.Y.),
Aichi Cancer Center Hospital, Nagoya, Japan, Department of Medical
Hepatology (V.B.), Institute of Liver and Biliary Sciences, New Delhi, India.

Reprint requests: Mohamed A. Mekky, MD, Department of
Gastroenterology, Aichi Cancer Center Hospital, 1-1 Kanokoden, Chikusa-
ku, Nagoya, Aichi 464-8681 Japan.

If you would like to chat with an author of this article, you may contact Dr.
Mekky at doc_mekky0000@yahoo.com.

www.giejournal.org

Volume 71, No. 6 : 2010 GASTROINTESTINAL ENDOSCOPY 913

-289-



EUS-FNA in gastric submucosal mamors

Mekky et al

Gastric submucosal tumors (SMTs) include a diverse array
of benign, potentially malignant, and malignant lesions.
These lesions are being increasingly recognized during rou-
tine endoscopies, with a reported frequency of 1 in every 100
to 300 gastroscopic examinations.!? Polkowski? estimated
that about 13% of GI SMTs were malignant, with the highest
risk of malignancy in the stomach. EUS imaging features
alone cannot substitute for a pathological diagnosis of SMT
subtype, and EUS is an imperfect tool for assessing the ma-
lignancy risk for these lesions. Hence, EUS-assisted tissue
sampling modalities have been increasingly incorporated for
evaluation of SMTs.>!!

Cytomorphologically, spindle cell tumors are the most
commonly encountered SMTs. The most common subtype is
GI stromal tumor (GIST), which needs to be distinguished
from its benign spindle cell counterparts like leiomyomas
and schwannomas.”” This distinction is difficult on cytology
smears alone and requires immunohistochemical IHC) stain-
ing and ultrastructure studies.*” EUS-assisted sampling by
both EUS-guided FNA (EUS-FNA) and EUS-guided Trucut
Biopsy (EUS-TCB) can provide cytological material as well as
tissue cores for histological evaluation.** The use of the latter
has been limited because of its potential complications and
difficulty of use.>'*!? On the other hand, EUS-FNA makes it
possible to obtain an adequate cell block specimen, which
then can be examined histologically and immunohistochemi-
cally. Most previous reports of EUS-FNA studies in SMTs have
been limited to GISTs or mesenchymal tumors, rather than
encompassing the entire spectrum of lesions encountered in
practice.*!"1° The reported accuracy rates in these studies
have varied widely between 19% and 100%, with most stud-
ies lacking a final surgical diagnosis for reference.’>!"!
Hence, the aim of this study was to evaluate the diagnostic
yield of EUS-FNA with the addition of THC staining for gastric
SMTs with reference to a criterion standard final diagnosis.

PATIENTS AND METHODS

Consecutive patients with gastric SMTs, who had un-
dergone EUS-FNA at Aichi Cancer Center Hospital,
Nagoya, Japan between January 2000 and December 2008,
were retrospectively selected. Informed consent was given
by each patient prior to the procedure as a part of their
clinical management. Those patients who had undergone
EUS-FNA in some other institution and patients in whom
on-site cytological evaluation was unavailable during the
EUS-FNA procedures were excluded. The objective and
outcome measurements were the diagnostic yield of EUS-
FNA and factors related to sampling adequacy for cytolog-
ical and THC evaluation.

Study procedures

All patients underwent an upper endoscopic examina-
tion prior to EUS-FNA. The procedures were performed
with the patients under conscious sedation (using intrave-
nous Pentzaocine 15mg; Pentagin, Daiichi-sankyo Corp.,

CapsuieSummary 7 e
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proportiqg.pfwhi'ch,tendtabg’ alignant.
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o In aretrospective study of 141 consecutive patients with
gastric submucosal tumors who underwent EUS-guided
FNA, adequate tissue sampling was:obtained in 83%,a

. concordant diagnosis:was reached in 95.6%, an
“malignant lesions were diagnosed in'94.2%.

Tokyo, Japan, and intravenous midazolam 5-10mg; Dor-
micum, Astellas Corp., Tokyo, Japan). EUS-FNA was per-
formed by using a convex array echoendoscope (GF-
UCT240; Olympus Optical Corp Ltd, Tokyo, Japan)
connected to a US scanning system (SSD 5500; Aloka,
Tokyo, Japan). All FNA procedures were performed by
using 22-gauge needles (eg, NA-10]-1, NA-10J-KB, NA-11]J-
KB, or NA-200H-8022; Olympus Medical System Corp Ltd,
Tokyo, Japan). Patients were followed-up after the proce-
dure for 48 hours for any procedure-related complications.
Cytological samples were processed by the same experi-
enced cytopathologist (T.K.). For all samples, one slide
was fixed by air drying and then stained with modified
Giemsa stain (Diff-Quik; Kokusai Shiyaku, International
Reagents, Kobe, Japan) and reviewed immediately (on-site
examination) by the cytopathologist (or cytotechnician) to
ensure specimen adequacy. The other slides were fixed by
immediate immersion in 95% alcohol and then stained
with the Papanicolaou stain. The cell-block material was
processed by fixation in 10% neutral buffered formalin
solution and then embedded in paraffin to be handled as
a routine tissue block. Thin sections from paraffin-
embedded cell blocks were cut and then stained with
hematoxylin and eosin. A provisional diagnosis was first
assigned with the cytology smear, and then cell blocks
were stained by IHC staining if indicated.

For lesions diagnosed with EUS-FNA cytology as spin-
dle cell tumors, THC stain preparations were assembled in
cell-block specimens. The Avidin Biotin Complex (ABC;
VECTASTAIN, Vector Laboratories Ltd, California, USA)
was used with the following antibodies: c-kit (Dako Inc.,
California, USA), CD34 (Novocastra, Leica Microsystems
Ltd., Newcastle Upon Tyne, UK), S-100 (Mie University
laboratories, Aichi, Japan; noncommercial), and Actin
(Nichirei Bioscience Inc., Tokyo, Japan). The results of
[HC staining were described as positive or negative. Pos-
itive IHC staining was defined as staining of >50% of the
tumor cells. Negative IHC staining was defined as either
focal positivity or staining of <50% of the tumor cells. A
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diagnosis of GIST was made by positive c-kit staining, with
or without positive CD34 THC staining. Leiomyoma and
leiomyosarcoma were diagnosed by positive actin staining
and schwannomas by positive S-100 staining.

Study definitions

For the overall diagnostic yield, the procedure results
were categorized as the following: (1) diagnostic, if suffi-
cient samples were obtained for cytology. cell-block prep-
aration, and IHC staining, if needed, and a specific diag-
nosis could be established, (2) suggestive, if sufficient
samples were obtained for cytology, and a suggestive
primary diagnosis was assigned, but samples were inade-
quate for IHC staining, and/or a definitive final diagnosis
was not achieved, and (3) nondiagnostic, if samples were
primarily insufficient, and/or the results were discordant
with the criterion standard.

The results of EUS-FNA and the final diagnosis were
categorized into 2 groups: (1) malignant or potentially
malignant group, including all GISTs, malignant lympho-
mas, and gastric wall carcinomas, and (2) benign group,
including leiomyomas, schwannomas, gastric desmoid tu-
mors, ectopic pancreatic tissues, benign inflammatory
granulomas, glomus tumors, and lipomas. We considered
all GISTs as potentially malignant, in accordance with the
National Institutes of Health consensus statement.®?

The criterion standard for final diagnosis was either the
surgical histopathological results for resected specimens
or the clinical management and follow-up course for ma-
lignant, inoperable cases.

Statistical analysis

Frequencies, percentages, and means were used, as
appropriate, for descriptive analysis. Univariate and a mul-
tivariate logistic regression analysis were performed to
assess the significant predictors of obtaining sufficient
specimens (insufficient versus sufficient samples). All sta-
tistical analysis was conducted by using SPSS software for
Windows, release 11 (SPSS Inc, Chicago, IlI). A Pvalue of
< .05 was considered significant.

RESULTS

A total of 141 consecutive patients with SMTs of the
stomach, who fulfilled our inclusion criteria, were identi-
fied. Fifty-two percent were women, and the mean (£ SD)
age of the patients was 560.7 years * 14.4 years. Over
87.8% of the patients were asymptomatic, and the SMTs
were discovered incidentally. The mean (* SD) diameter
of the SMTs was 29.9 mm (= 16.0 mm; range 6-90 mm).
The characteristics of the 141 gastric SMTs, including their
locations, endoscopic characteristics, sizes, layers of ori-
gin, and echo patterns, are summarized in Table 1.

Among the 141 cases, 69 (48.9%) had a definitive final
diagnosis (67 cases were surgically resected, and 2 cases
were proved on follow-up to be malignant lymphomas).

TABLE 1. Endoscopic and EUS characteristics of gastric
submucosal lesions (n = 141)
Characteristic No. (%)
Location within the stomach
Cardia 30(21.3)
. ;Fundus 45(319)
Body 29 (20.6)
Antrum 39:(22),
Pyloric canal 6 (4.3)
Endoscopic characteristics i
Smooth mucosa 92 (65.2)
‘Mucosal ulceration 11.(7:8)
Umbilication 10 (7.1)
- ‘Multinodular lesion 24.(17)
Multiple lesions* 4(2.8)
Sizew chepiin
<20 mm 34 (24.1)
20:50mm 190.(638)
>50 mm 17 (12.1)
(EUS quetofprigin
Third layer (submucosa) 21(14.9)
-Fourth layer (muscle) 108 (76.6)
Extragastric 5(3.5)
. Undetermined. s AUE)
Echo pattern
Homogeneous-hypoechoic 65 (46.1)
Homogeneous-hyperechoic 3(2.1)
Heterogeneous 73 (51.8)
Other characteristics
‘Presence of cystic spaces 20(14:1)
Adjacent lymphadenopathy 5(3.5)
Irregularborder - - & 31:(22)
*Only the largest lesion was included in the analysis.

Of the remaining cases, 63 (44.6%) were followed-up
without surgical resection for at least 12 months, and 9
cases (6.5%) were lost to follow-up. The mean number of
FNA passes was 2.5 (SD:0.7; range 1-5). The overall rate of
sample adequacy was 83% (117 cases). Adequate samples
were obtained in 67.6% of lesions with size <20 mm,
86.6% of lesions with size between 20 and 50 mm, and
94.1% of lesions with size >50 mm (P = .01). IHC staining
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(n=141)

TABLE 2. Diagnosticyield of EUS-FNA and its presumptive pathological diagnosis in patients with gastric submucosal tumors

Sufficient samples (n = 117; 83%)

Insufficient
IHC not stained samples
IHC stained (n = 64) (n=53) (n =24;17%)

Diagnostic Spindle Total, no.
category GIST Leiomyoma Schwannoma cell tumor Misc Unknown (%)
Diagnostic 37 9 i 2 0 13 0 61(43.3)

Suggestive 9 7 0 29 10 0 55 (39)
Nondiagnostic 0 0 o 0 0 1 = 24 - 25(17.7)
Total, no. (%) 46 (32.6) 16 (11.3) 2(1.4) 29 (20.6) 24(17) 24(17) 141 (100)

95% Cl, 12.5%-25%).

EUS-FNA, EUS-guided FNA; /HC, immunohistochemical; GIST, Gl stromal tumor; misc, miscellaneous tumor; Cl, confidence interval.
EUS-FNA was classified as diagnostic in 61 cases (43.3%; 95% Cl, 35%-51%), suggestive in 55 cases (39%; 95% Cl, 31%-47%), and nondiagnostic in 25 cases (17.7%;

with c-kit, CD34, actin, and S-100 antibodies were done on
cell-block samples in 64 of 141 cases (45.6%) in which
cytological evaluation showed a spindle cell tumor. There
were no serious procedure-related complications.

Diagnostic yield of EUS-FNA

The EUS-FNA diagnosis was classified as nondiagnos-
tic, suggestive, or diagnostic in 25 (17.7%), 55 (39%), and
61 (43.3%) cases, respectively.

Of the 25 cases classified as nondiagnostic, EUS-FNA
failed to provide adequate samples in 24 cases (1 each of
lipoma and desmoid tumor, which were resected, 13 that
were followed-up, and 9 that were lost to follow-up). One
GIST case, which was eventually resected, was misdiag-
nosed as benign inflammatory granuloma by EUS-FNA.

All of the 55 cases classified as suggestive had adequate
FNA sampling but a lack of criterion standard diagnosis for
final reference. In 16 of the 55 cases, the specimens were
adequate for THC staining and were given a diagnosis of
GIST (9 cases) and leiomyoma (7 cases) after EUS-FNA.
However, because these patients did not undergo surgical
resection, we conservatively classified them as suggestive.
In the remaining 39 cases, IHC staining was not done. In
29 of these cases, spindle cell tumor was found on cytol-
ogy, but the cell-block specimens were inadequate for IHC
staining. Three of these 29 lesions were resected because
of an increase in size on follow-up and were found to be
GISTs. The remaining 10 of the 39 cases were presump-
tively diagnosed after EUS-FNA as 6 ectopic pancreatic
tissues, 3 benign epithelioid cells suggestive of glomus or
carcinoid tumors (2 of them were resected), and 1 inflam-
matory granuloma.

For the remaining 61 cases, EUS-FNA specimens were
adequate, and a definitive final diagnosis was achieved
either by surgery (59 cases) or the follow-up course for
malignant, inoperable cases (2 cases of lymphoma), and
the EUS-FNA results were classified as diagnostic. The
detailed summary is shown in Table 2.

Performance characteristics of EUS-FNA

Of the 69 cases with a definite final diagnosis, 41
(59.4%) were GISTs, 9 (13%) were leiomyomas, 7 were
gastric wall carcinomas, 6 were extragastric lesions (3
pancreatic tumors, 2 abdominal lymph nodes, and 1 peri-
toneal desmoid tumor), 2 were glomus tumors, 2 were
schwannomas, 1 was a gastric inflammatory granuloma,
and 1 was a lipoma. Fifty-three of the 69 SMTs (76.8%)
were proven finally to be malignant lesions or potentially
malignant lesions.

EUS-FNA results were concordant with the final di-
agnosis in 66 of 69 lesions (accuracy rate 95.6%; 95% CI,
87.5%-99%), as shown in Table 3. For the differentiation
of benign from potentially malignant lesions, EUS-FNA
had a sensitivity of 92.4% (95% CI, 82%-98%), specificity
of 100% (95% CI, 79%-100%), positive predictive value
of 100% (95% CI, 92.5%-100%), negative predictive
value of 80% (95% CI, 56.3%-94%), and accuracy rate of
94.2% (95% CI, 85.6%-98.1%) (Table 4).

Factors related to sampling adequacy

Logistic regression analysis showed that a heteroge-
neous echo pattern of the lesion was the only independent
predictor for obtaining a sufficient sample by EUS-FNA
(adjusted odds ratio 0.1; 95% CI, 0.02-0.4; P = .002). Other
factors such as the size of the mass, the long axis location
within the stomach, the number of needle passes, and EUS
layer of origin were not significant (Table 5).

DISCUSSION

Gastric SMT is an umbrella term that encompasses
both neoplastic and nonneoplastic lesions.!** Once the
lesions are viewed endoscopically, the main challenge
is to distinguish the potentially malignant SMTs from
their benign counterparts.’® The reported yield of EUS-
FNA cytology for the diagnosis of SMTs is less than that
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TABLE 3. Comparison of EUS-FNA diagnosis with the

final diagnosis of gastric submucosal tumors (n = 69)

EUS-FNA Final
diagnosis diagnosis
no. (%) no. (%)

GIST* 37 (53.6) 41.(59.4)
Leiomyoma 9(13) 9(13)
Spindle cell tumor 3(43) 0
Schwannoma 2(2.9) 2(2.9)
Gastric carcinoma 7 P A
Pancreatic tumor 3 3
Desmoid tumor 0 1
Extragastric lymphoma 2 2
Glomustumort 2 2:
Lipoma 0 1
Inflammatory granuloma 20 1
Unknown (insufficient)} 2 0

EUS-FNA, EUS-guided FNA; GIST, Gl stromal tumor.

The final diagnosis was achieved by surgery (67 cases) and follow-up
for inoperable cases (2 extragastric malignant lymphomas). The
diagnosis was concordant in 66 lesions or 95.6%. Sixty-one were
diagnostic, and 5 were suggestive diagnoses. The diagnosis was
discordant (nondiagnostic) in 3 lesions or 4.3%.

*GIST cases (n = 41): 37 correctly diagnosed; 1 lesion was a primary
inflammatory granuloma (nondiagnostic), and 3 were benign
spindle cell tumors (suggestive).

+Two glomus tumors were suspected in FNA specimens as benign
vascular epithelioid cell tumors (suggestive).

tThere were 2 nondiagnostic (insufficient) FNA specimens; 1 was a
lipema and the other a desmoid tumor.

TABLE 4. Performance characteristics of EUS-FNA for

differentiating benign from malignant (or potentially
malignant) gastric submucosal tumors

Final diagnosis

EUS-FNA diagnosis Benign Malignant
Benign® 7 BTN L aiENE
Malignant 0 (FP) 49 (TP)

EUS-FNA, EUS-guided FNA; TN, true negative; FN, false negative; FP,
false positive; TP, true positive.

*The 2 insufficient cases and the 2 cases of glomus tumor were
treated as TN cases.

+Of the 4 FN cases, the EUS-FNA diagnosis was spindle cell tumor in
3 cases and benign inflammatory granuloma in 1 case; all proved to
be Gl stromal tumors after resection.

for other targets, and previous studies have been limited
by small patient numbers, lack of a defined criterion
standard, and a limited spectrum of lesions.?371-18
Ando et al' examined 49 submucosal tumors, with
91.8% adequate samples. Twenty-three lesions were

surgically resected (20 were GISTs), and their accuracy
rate was 95%. Arantes et al'” studied 10 SMTs with 80%
sampling adequacy, and GIST was suggested in 6 cases
(60%). Vander Noot et al'® also reported a 94.4% sam-
pling adequacy rate with 18 GISTs, but it was unclear
whether or not these results were confirmed surgically.
Recently, Hoda et al'® described the yield of EUS-FNA in
112 upper GI SMTs as diagnostic, suspicious (spindle
cells), and nondiagnostic in 61.6%, 22.3%, and 16.1% of
cases, respectively, with an overall accuracy rate of 84%.
However, their study also lacked the final criterion stan-
dard reference. Accordingly, it may be difficult to cal-
culate a weighted average accuracy for EUS-FNA in
these studies because of their varied inclusions and
designs. Some reviews mentioned a weighted average
accuracy rate of EUS-FNA as 60% to 80%, but their
pooled studies were concerned mainly with GISTs.2*12

In our study, we reported an accuracy rate of 95.6% in
achievement of a concordant diagnosis and 94% in detect-
ing malignant lesions, with a sensitivity and specificity of
92.4% and 100%, respectively. On-site cytological analysis
as well as our recruiting design may have contributed to
these relatively high figures. We not only reported a high
rate of sampling adequacy (83%), with a mean number of
2.5 passes, but also we demonstrated that both cytology
and cell-block processing were possible with the use of
standard, 22-gauge, FNA needles. As expected, there was
an increase in sampling adequacy with increasing size of
the SMT, with a 95% yield with lesion size of >50 mm.
Similar findings were reported by Akahoshi et al,'> who
had a 100% yield of EUS-FNA with lesion size of >40 mm.
For SMTs, a 22-gauge, FNA needle is thought to be enough
to obtain sufficient samples for cell-block preparations and
then THC staining, which is very useful for diagnosing the
SMT subtypes and, hence, should become routine practice
in sampling these lesions.

A large proportion of our gastric SMTs were found
to be malignant (76.8%). This high percentage may be
an overrepresentation, likely because our design may
have led to a selection bias of higher-risk cases referred
for surgery. In agreement with numerous previous re-
ports, we found that GISTs were the most common SMT
in the stomach, and only 40% of the gastric SMTs were
not GISTs.?>!1-1Y GISTs have a wide spectrum of risk
behavior—from small, indolent tumors to overt
sarcomas.>3 " Nevertheless, it is this unpredictable be-
havior that leads many experts to recommend that every
GIST should be considered as potentially malignant and
therefore be resected.>3% Hence, it is very important to
apply tools that help in differentiating GISTs from other
benign SMTs, such as the implementation of IHC stain-
ing panels.*®” In our study, spindle cell tumors com-
prise the vast majority of our EUS-FNA diagnoses (93 of
141 lesions).**” We used a directed IHC staining panel
with c-kit, CD34, actin, and S-100 antibodies for differ-
entiating spindle cell tumors into leiomyoma, schwan-
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Variable

‘SMT location:within'the stomach -

Tumor size on EUS (<20 mm vs =20 mm)

EUS layer of origin

EUS echo pattern (homogenous vs heterogeneous)

No.needle passes (=2vs >2) —

TABLE5. Summary of univariate and multivariate analyses of factors associated with EUS-FNA sampling adequacy

Univariate analysis*

Multivariate analysist

Pvalue P value (adjusted OR; 95% Cl)
572NS 2

022 .14 (0.46;95% Cl,0.16-1.3)
A489NS =

.001 002 (0.1; 95% Cl, 0.02-0.4)
427 NS - o

*Chi-square test.
+Multivariate logistic regression analysis (insufficient vs sufficient sample).

EUS-FNA, EUS-guided FNA; OR, odds ratio; C/, confidence interval; SMT, submucosal tumor; NS, not significant.

noma, and GIST. Sixty-four spindle cell lesions were
adequately stained for these antibodies, and of them,
only 48 cases were counted for accuracy calculations
because they had a definitive final diagnosis. Other IHC
stains may be needed in selected cases, such as chro-
mogranin, synaptophysin, and keratin in carcinoid tu-
mors and calponin in glomus lesions.®”

On evaluating the predictors for sampling adequacy,
only a heterogeneous echo pattern was found significant
in a multivariate analysis. It may be possible that the
higher cellularity and proliferation rate are related to a
more heterogeneous echo pattern. In contrast, Hoda et al'®
have previously reported that there were no identifiable
factors that affected the yield of EUS-FNA.

We categorized our results into diagnostic, suggestive,
and nondiagnostic, because previous reports have vari-
ably interpreted positive IHC staining results, especially
for GISTs. Some authors are conservative, considering
them as suggestive tools only, and their rationale is the
presence of staining heterogeneity.!”?":*! Others trust ITHC
results and rely upon them for treatment decision
making.>” We followed the former conservative approach
and used a well-characterized criterion standard for final
diagnosis to allow for robust conclusions. Because the
cases used to calculate the performance characteristics of
EUS-FNA in the present series were definitively diagnosed,
our results may serve as a benchmark for future interven-
tions. The main shortcoming of the present study is its
retrospective nature and the potential for bias in selecting
patients who were referred for surgery or chemotherapy.
The strength of this study is the large number of gastric
SMTs with EUS-FNA sampling and a well-defined criterion
standard.

Based our results, we recommend a short algorithmic
approach for the diagnosis of gastric SMTs. An initial EUS
can rule out extraluminal, hyperechoic, and third-layer
(submucosal) lesions. For hypoechoic lesions that origi-
nate from the fourth (muscle) layers, EUS-FNA should be
performed even for small lesions, and IHC stains with a

panel of CD34, c-kit, actin, and S-100 should be done if
spindle cells are found.

In conclusion, EUS-FNA with 22-gauge needles is an
accurate and safe method for diagnosing gastric SMTs and
for delineating malignant lesions with the adjunctive and
selective use of a limited panel of THC stains.
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Characteristic methylation profile in CpG island methylator
phenotype-negative distal colorectal cancers
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Aberrant DNA methylation is involved in colon carcinogenesis. Although the CpG island methylator phenotype (CIMP) is
defined as a subset of colorectal cancers (CRCs) with remarkably high levels of DNA methylation, it is not known-whether
epigenetic processes are also involved in CIMP-negative tumors. We analyzed the DNA methylation profiles of 94 CRCs and
their corresponding normal-appearing colonic mucosa with 11 different markers, including the five classical CIMP markers.
The CIMP markers were frequently methylated in proximal CRCs (p < 0.01); however, RASSF1A methylation'levels were
significantly higher in distal CRCs, the majority of which are CIMP-negative (p < 0.05). Similarly, methylation levels of
RASSF1A and SFRP1 in the normal-appearing mucosae of distal CRC cases were significantly higher than those in the proximal
CRC cases (p < 0.05). They were also positively correlated with age (RASSFIA, p < 0.01; SFRP1, p < 0.01). Microarray-based
genome-wide DNA methylation analysis of 18 CRCs revealed that 168 genes and 720 genes were preferentially methylated in
CIMP-negative distal CRCs and CIMP-positive CRCs, respectively. Interestingly, more than half of the hypermethylated genes in
CIMP-negative distal CRCs were also methylated in the normal-appearing mucosae, indicating that hypermethylation in CIMP-
negative distal CRCs is more closely associated with age-related methylation. By contrast, more than 60% of the
hypermethylated genes in CIMP-positive proximal CRCs were cancer specific (p < 0.01). These data altogether suggest that

CpG island promoters appear to be methylated in different ways depending on location, a finding which ‘may imply the
presence of different mechanisms for the acquisition of epigenetic changes-during colon tumorigenesis.

Colorectal cancer (CRC) is one of the most common human
malignancies worldwide. CRC cells accumulate several genetic
and epigenetic alterations in cancer-related genes to achieve
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malignant status.' Mutations in genes controlling the KRAS/
BRAF, APC/f-catenin and TP53 pathways are well known for
their contribution to tumorigenesis.” Epigenetic alterations,
including DNA hypermethylation of CpG island promoters
and global DNA hypomethylation, have been reported to
occur early in colorectal carcinogenesis.” Hypermethylation
of CpG island promoters is closely associated with the tran-
scriptional silencing of tumor suppressor genes, whereas
global hypomethylation can lead to chromosomal instability.*

Recent cumulative studies in CRCs have suggested the ex-
istence of an accumulation of high rates of aberrant promoter
hypermethylation in a subset of CRCs known as the CpG
island methylator phenotype (CIMP).>® CIMP-positive CRCs
exhibit distinct genetic and clinical features, including high
rates of BRAF and KRAS mutations, low rates of TP53 muta-
tions, a specific histology (mucinous, poorly differentiated),
proximal location and characteristic clinical outcomes.” Given
these clinicopathological features, CIMP-related carcinogene-
sis may proceed through a specific pathway in which the
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epigenetic changes that occur in premalignant cells determine
subsequent genetic changes, thereby fostering the progression
of these clones.® However, it is not known whether epigenetic
processes are also involved in CIMP-negative CRCs that fre-
quently emerge in the distal colon.

It has been suggested that proximal and distal CRCs show
differences in epidemiological incidence, morphology and
molecular biological characteristics.””'* Indeed, CIMP-posi-
tive CRCs are more frequently found in the proximal than
the distal colon, suggesting that intensive accumulation of
aberrant DNA methylation is more closely associated with
proximal colon carcinogenesis. In contrast, the significance of
aberrant DNA methylation is not well understood in distal
colon carcinogenesis, where CIMP-negative CRCs are more
common. If distinct mechanisms of colon carcinogenesis exist
based on their site of origin, it is possible that the DNA
methylation behavior and set of hypermethylated genes in
distal CRCs are different from those in proximal CIMP-posi-
tive CRCs.

In this study, we analyzed the methylation status of CRCs
both quantitatively and genome wide, in addition to other
clinical and molecular characteristics. We elicited the signifi-
cance of DNA methylation in CIMP-negative distal CRC
compared with CIMP-positive proximal CRC. We also
assessed the methylation status of normal-appearing mucosae
by location, since DNA methylation, a factor of the field
defect (also known as field cancerization) related to epimuta-
gen exposure that leads to cancer formation, may differ by
location and CIMP status."

Material and Methods

Tissue samples

Samples of primary CRCs and their corresponding normal-
appearing colonic mucosae were collected in accordance with
institutional policy from 95 individuals who underwent surgi-
cal resection at the Aichi Cancer Center Central Hospital,
Nagoya, Japan. All patients provided written informed con-
sent. The specimens examined showed a high cellularity of
cancer cells without definite evidence of necrosis. The corre-
sponding normal-appearing colonic mucosae of CRC patients
were sampled from two distinct sites: 2 cm and 10 cm from
the cancer. We also obtained colonic biopsy samples of nor-
mal-appearing mucosae from the cecum and/or rectum of 38
colon polyp patients and the corresponding colon polyps
from 22 patients. Pathological finding of all colon polyps is
compatible with adenoma. The proximal colon consists of
the cecum, and the ascending and transverse colon, and the
distal colon consists of the descending and sigmoid colon,
and rectum. Genomic DNA was extracted using a standard
phenol-chloroform method.

Bisulfite pyrosequencing methylation analysis and

bisulfite sequencing analysis

We performed a bisulfite treatment as previously reported."*
Briefly, 2 pg of genomic DNA was converted and resus-

DNA methylation in colorectal cancers

pended in 30 pl of water. DNA methylation levels were
measured by a highly quantitative method using pyrose-
quencing technology with 11 methylation markers (Pyrose-
quencing AB, Uppsala, Sweden). Each assay included posi-
tive controls (samples after SssI treatment; New England
Biolabs, Ipswich, MA) and negative controls (samples after
whole genomic amplification using GenomiPhi V2; GE
Healthcare, Piscataway, NJ), mixing experiments to rule out
bias and repeat experiments to assess reproducibility. A
detailed protocol of pyrosequencing was described previ-
ously."®'® The methylation levels at different C sites meas-
ured by pyrosequencing were averaged to represent the
degree of methylation in each sample for each gene. Bisul-
fite-PCR products of the MGMT and RASSFIA promoters
and SFRPI promoters were cloned and sequenced (Invitro-
gen, Carlsbad, CA). At least 10 clones were sequenced for
each sample. The PCR conditions, primer sequences and
sequencing primer sequences of the 11 markers are listed in
Supporting Information Table 1.

Methylated CpG island amplification microarray

We analyzed 18 CRCs with methylated CpG island amplifi-
cation microarray (MCAM; average patient age was 65.5
years, ranging from 44 to 79 years): 7 CIMP-positive proxi-
mal CRCs and 11 CIMP-negative distal CRCs. All were ran-
domly selected from CRCs as classified via the five CIMP
markers. Eight corresponding normal-appearing colonic
mucosae from CRC patients (average age was 62.5 years,
ranging from 52 to 75 years) were also analyzed with
MCAM. Seventeen of the 18 CRCs were derived from the 94
CRC samples examined by pyrosequencing analysis, while
one was newly added. As normal controls, we used normal-
appearing colonic mucosae from two males and two females
who, according to our pyrosequencing analysis, showed no
aberrant methylation in any of the 11 markers. The back-
ground of the analyzed samples is listed in Supporting Infor-
mation Table 2. A detailed protocol of MCAM was described
previously.'®'® We used a human custom-promoter array
from Agilent Technologies (G4497A; Agilent Technologies,
Santa Clara, CA) containing 15,134 probes corresponding to
6,157 unique genes, which we had initially validated by the
MCAM method in a previous study.'® Arrays were scanned
on an Agilent scanner and analyzed using Feature Extraction
software. Normalization was achieved with a linear per-array
algorithm according to the manufacturer’s protocol (Agilent
Technologies).

Hierarchical clustering analysis

Cluster analysis was performed using an agglomerative hier-
archical clustering algorithm (http://rana.lbl.gov/EisenSoft-
warehtm).'® For specimen clustering, pairwise similarity
measures among specimens were calculated using Cluster 3.0
software or Minitab 15 statistical software (http://www.mini-
tab.com) based on DNA methylation intensity measurements
across all genes. Dendrograms and heat maps were
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