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- ABSTRACT -

Expression of Bax Predicts Outcome in Advanced Gastric Cancer
Patients Treated With 5-fluorouracil and Platinum Palliative
Chemotherapy

Purpose: The present study evaluated the predictive role of Bax, excision repair crosscomplementation group 1 (ERCC1), and thymidylate synthase (TS) on clinical outcomes in
patients with advanced gastric cancer treated with 5-fluorouracil (5-FU) and platinum
palliative chemotherapy.

Materials and Methods: One hundred and twenty-eight patients with metastatic or recurrent
gastric cancer were treated with a chemotherapy regimen of either 5-FU and heptaplatin
(FH) (56 patients) or 5-FU, leucovorin, and oxaliplatin (FOLFOX) (72 patients).
Pretreatment tumor biopsy specimens were analyzed for Bax, ERCC1, and TS expression by
immunohistochemistry.

Results: High expression of Bax, ERCC1 and TS was observed in 49 (38%), 60 (47%), and
48 (38%) patients, respectively. The median overall survival (OS) of patients in total was 10
months. Low expression of Bax was associated with poor OS (median, 9 months vs. 12
months; 2-year, 7% vs. 32%; p=0.0005) in univariate analysis, while expression of ERCC1
and TS was not correlated with patient outcome. The outcome of patients with low

expression of Bax was significantly worse in the FOLFOX group (median OS, 9 months vs.
18 months; p=0.0008), without significant difference in the FH group. In multivariate
analysis, low expression of Bax was a significant independent predictor of poor OS
(p=0.014).

Conclusions: Low expression of Bax was significantly associated with the poor survival of
patients with metastatic or recurrent gastric cancer treated with 5-FU and platinum
chemotherapy. Immunohistochemical staining for Bax with pretreatment biopsy specimen
may be useful in selecting FOLFOX regimen as a treatment option for these patients.

_____________________________________________________________
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I. INTRODUCTION

Gastric cancer is the second most common cause of cancer mortality in the world
(Parkin et al, 2005). The overall outcome of gastric cancer is still unsatisfactory, because
many patients present with unresectable or metastatic disease, while the recurrence is quite
common even after radical resection, which is the only curative treatment (Chau et al, 2004;
Wohrer et al, 2004; Wagner et al, 2006; Rivera et al, 2007; Van Cutsem et al, 2008).
Palliative chemotherapy is the standard of care in patients with unresectable or metastatic or
recurrent disease with some improvement of survival and quality of life (Chau et al, 2004;
Wohrer et al, 2004; Wagner et al, 2006; Rivera et al, 2007; Van Cutsem et al, 2008).
Although there is no standard regimen in palliative chemotherapy for gastric cancer,
cisplatin and 5-fluorouracil (5-FU)-based regimens, with or without another agent, have been
used the most frequently (Chau et al, 2004; Rivera et al, 2007; Van Cutsem et al, 2008).
Recently, oxaliplatin, a third-generation platinum compound, and 5-FU combination
regimens have demonstrated comparable efficacy with more favorable toxicity profiles
compared to 5-FU and cisplatin-based regimens (Louvet et al, 2002; Chao et al, 2004; De
Vita et al, 2005; Lordick et al, 2005; Rivera et al, 2007; Al-Batran et al, 2008; Cunningham
et al, 2008;Van Cutsem et al, 2008). However, despite the availability of various effective
chemotherapy regimens, the overall outcome of advanced gastric cancer is still very poor,
with median survival of 6-11 months (Louvet et al, 2002; Chao et al, 2004; Chau et al, 2004;
Wohrer et al, 2004; De Vita et al, 2005; Lordick et al, 2005; Ichikawa & Sasaki, 2006;
Wagner et al, 2006; Lee et al, 2007; Lee J, 2007; Rivera et al, 2007; Al-Batran et al, 2008;
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Cunningham et al, 2008; Van Cutsem et al, 2008). Therefore, the determination of
parameters that may identify those patients who would benefit from the specific
chemotherapy regimen and those who would not has strong clinical implications. Drug
resistance-related proteins, including apoptosis-related proteins and DNA damage repair
proteins are important candidates for such parameters.
Chemotherapy kills cancer cells by triggering apoptosis, which is primarily
regulated by Bcl-2 family proteins (Fulda & Debatin, 2006; Reed, 2006). Among the Bcl-2
family proteins, Bax protein has a central role in the activation of downstream apoptosis
signaling pathways by permeabilizing the mitochondrial outer membrane after activation by
BH3-only proteins or p53 (Fulda & Debatin, 2006; Reed, 2006). On the other hand, platinum
compounds, which are an integral component of chemotherapy for gastric cancer, induce
apoptosis in cancer cells by forming DNA adducts (Siddik, 2003). DNA damaged by
platinum compounds is repaired by the nucleotide excision repair pathway by removing
DNA adducts (Reardon et al, 1999; Siddik, 2003; Reed, 2005). Therefore, alterations in both
apoptosis-related proteins and DNA damage repair proteins are associated with resistance to
platinum-based chemotherapy, which is the most important cause of treatment failure.
Bax and excision repair cross-complementation group 1 (ERCC1), one of the
nucleotide excision repair system's key enzymes, have been investigated as important
candidates for predictors of resistance to chemotherapy in many malignancies ( Krajewski et
al, 1995; Baekelandt et al, 2000; Kang et al, 2006; Olaussen et al, 2006; Kang et al, 2007;
Lee et al, 2008). In terms of resistance to 5-FU, thymidylate synthase (TS), which is a
critical target of 5-FU, has been widely investigated. TS catalyzes the methylation of
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deoxyuridine monophosphate to deoxythymidine monophosphate, which is an essential
process for DNA synthesis (Pinedo & Peters, 1988). High expression of TS may be
associated with 5-FU resistance in a variety of malignancies including gastric cancer
(Johnston et al, 1995; Lenz et al, 1996; Boku et al, 1998; Metzger, 1998; Yeh et al, 1998).
We evaluated the predictive role of Bax, ERCC1, and TS on clinical outcomes in
advanced gastric cancer patients treated with 5-FU and third-generation platinum regimens.
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II. MATERIALS AND METHODS

A. MATERIALS
Advanced gastric cancer patients who underwent palliative chemotherapy with 5FU and third-generation platinum combination regimens at Ajou University Medical Center
between January 2001 and December 2006 were eligible to be included in this retrospective
study if the following criteria were met: (1) histologically documented gastric cancer, (2) no
previous chemotherapy except adjuvant chemotherapy, and (3) distant metastasis at initial
diagnosis or recurrent disease. Patients who underwent palliative gastrectomy with or
without metastasectomy of distant metastasis at initial diagnosis or who received resection of
metastatic lesions after recurrence were included.
Each patient underwent the following staging procedures: physical examination,
esophagogastroduodenoscopy, chest radiograph, computed tomography of abdomen and
pelvis, and hematologic and biochemical profiles. This research protocol was approved by
the Institutional Review Board of the Ajou University Medical Center, Suwon, Korea.

B. METHODS
1. Chemotherapy
Patients had been treated with two regimens consecutively. Between 2001 and 2003,
patients had received combination chemotherapy with 5-FU and heptaplatin, which is a third
generation platinum compound developed by a Korean pharmaceutical company (SK
Chemicals, Gyeonggi-do, Korea) (Kim et al, 1999; Min, 2004). Since 2004, when oxaliplatin
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was approved in Korea, 5-FU, oxaliplatin, and leucovorin (FOLFOX) regimen had been used.
For the 5-FU and heptaplatin (FH) regimen, 5-FU 1000 mg/m2/day was administered as a
continuous intravenous (IV) infusion on days 1 to 3, and heptaplatin 400 mg/m2 was given
over 1 hour by IV infusion on day 1, and this cycle was repeated every 4 weeks. For the
FOLFOX regimen, chemotherapy consisted of oxaliplatin 100 mg/m2 as a 2-hour IV infusion
on day 1, leucovorin 100 mg/m2 as a 2-hour infusion followed by IV bolus 5-FU 400 mg/m2,
and a 22-hour IV infusion of 5-FU 600 mg/m2 on days 1 and 2 every 2 weeks. In both
regimens, chemotherapy was continued until disease progression, unacceptable toxicity,
patient refusal, or physician’s decision.
Patients were evaluated with CT scan of the abdomen and pelvis every 2 cycles for
FH and every 3 cycles for FOLFOX regimen.

2. Immunohistochemical Staining for Drug Resistance-Related Proteins
Immunohistochemical staining of formalin-fixed, paraffin-embedded tumor tissue
was performed for primary tumor tissue obtained by gastroscopic biopsy or gastrectomy in
cases of initially metastatic disease. In patients with recurrent disease, tumor tissue from
metastatic lesions was preferentially used for staining, and if it was not available, primary
tumor tissue obtained at the time of diagnosis was stained.
For immunohistochemical staining, mouse anti-human monoclonal antibodies
against ERCC1 (ERCC1 Ab-2, dilution 1:100) and TS (TS 106, dilution 1:100) (Neomarkers,
Fremont, CA, U.S.A.), and rabbit anti-human polyclonal antibodies against Bax (dilution
1:1,000, DAKO, Carpinteria, CA, U.S.A.), were used. Sections were deparaffinized in
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xylene and rehydrated in graded alcohols and water. Endogenous peroxidase activity was
blocked by treatment with 3% hydrogen peroxide for 10 minutes. Sections were treated with
protein-blocking solution and then with primary antibodies overnight at 4°C. After several
rinses in phosphate-buffered saline, the sections were incubated in the biotinylated secondary
antibodies. Bound antibodies were detected by the streptavidin-biotin method with a CapPlus detection kit (Zymed Laboratories Inc, San Francisco, CA, U.S.A.). Slides were rinsed
in phosphate-buffered saline, exposed to diaminobenzidine, and counterstained with Mayer’s
hematoxylin. The negative controls for these proteins were made by the omission of the
primary antibody during the process of staining. For positive controls for Bax and ERCC1,
lymphocytes in the germinal center of normal lymph nodes and endothelial cells in tonsil
were used, respectively. A positive control for TS was formalin-fixed, paraffin-embedded
sections of colon adenocarcinoma known to have high expression of TS.
The slides were examined independently by two observers blinded to both clinical
and pathologic data. Expression of the drug resistance-related proteins was quantified using a
visual grading system based on the extent of staining (by percentage of positive tumor cells
graded on a scale of 0 to 3: 0 = none, 1 = 1%-10%, 2 = 11%-50%, 3 = 51%-100%) and the
intensity of staining (graded on a scale of 0 to 3: 0 = no staining, 1 = weak staining, 2 =
moderate staining, 3 = strong staining) (Fig. 1). A semiquantitative H-score was obtained by
multiplying the grades of extent and intensity of staining. The median value of all the H
scores was chosen a priori as the cutoff value for dividing the expression of proteins into
high and low.

6

A.

B.

C.

D.

Fig. 1. Immunohistochemical staining of drug resistance-related proteins in gastric cancer
(grade in both the extent and intensity of staining, X400). (A) High expression of Bax:
cytoplasmic staining (grade 3). (B) Low expression of Bax (grade 0). (C) High expression of
ERCC1: nuclear staining (grade 3), (D) High expression of TS: cytoplasmic staining (grade
3).
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3. Statistical Analysis
A comparison of characteristics of patients was evaluated with the Fisher’s exact
test and the Mann-Whitney test. Response to chemotherapy was evaluated by RECIST
criteria (Therasse et al, 2000). Overall survival (OS) was calculated using the Kaplan-Meier
method (Kaplan, 1958). OS was defined as the time from start of treatment to death; data on
survivors were censored at the last follow-up. The differences between the survival curves
were tested by using the log-rank test. The Cox proportional-hazards regression model was
used to determine the joint effects of several variables on survival (Cox, 1972). Factors with
P values <0.1 in univariate analysis were included in the Cox proportional-hazards
regression model. All statistical analyses were performed two-sided, with SPSS for Windows
12.0 software.
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III. RESULTS

Patient Characteristics
During the study period, 134 patients with metastatic or recurrent gastric cancer
were treated with FH or FOLFOX regimen. Among them, 6 patients were excluded from the
study due to the unavailability of a pathology specimen or insufficient quality of samples for
immunohistochemistry, leaving 128 patients for analysis. Fifty-six patients were treated with
FH, while 72 underwent chemotherapy with FOLFOX.
The characteristics of the 128 patients are listed in Table 1. Seventy-two patients
presented with metastatic disease at the time of diagnosis, and 56 patients had recurrent
disease. Among patients with initially metastatic disease, 29 patients underwent palliative
gastrectomy with metastasectomy (12 patients) or without (17 patients), whereas 11 patients
with recurrence received resection of metastatic lesions. Sixty-two patients had measurable
lesions and 39 had

evaluable lesions, respectively. On the other hand, 27 patients did not

have definitive radiologically measurable or evaluable lesions.

Fifty-four patients with

recurrent disease had a history of adjuvant chemotherapy (5-FU and mitomycin-C: 28, 5-FU
and cisplatin: 17, 5-FU and paclitaxel: 3, oral fluoropyrimidines: 6). There were significant
differences in gender, disease status, and history of adjuvant chemotherapy between the FH
and FOLFOX groups (Table 1).
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Table 1. Patient characteristics
Characteristics

Total (%)

FOLFOX (%)

FH (%)

Age

0.057

Median

54

50

59

Range

23-74

29-71

23-74

Gender

0.021

Male

89 (70)

44 (61)

45 (80)

Female

39 (30)

28 (39)

11 (20)

Performance statusa

0.106

0, 1

96 (75)

58 (81)

38 (68)

2

32 (25)

14 (19)

18 (32)

Disease status

0.021

Primary metastatic

72 (56)

34 (47)

38 (68)

Recurrent

56 (44)

38 (53)

18 (32)

Adjuvant chemotherapy

0.020

Yes

54 (42)

37 (51)

17 (30)

No

74 (58)

35 (49)

39 (70)

Liver metastasis

0.420

Yes

32 (25)

16 (22)

16 (29)

No

96 (75)

56 (78)

40 (71)

Peritoneal metastasis
Yes
No
Palliative resection

P

0.373
62 (48)

32 (44)

30 (54)

66 (52)

40 (56)

26 (46)

b

0.442

Yes

40 (31)

25 (35)

15 (27)

No

88 (69)

47 (65)

41 (73)
0.482c

Cycles of chemotherapy
Median

5

6

3

Range

1-12

1-12

1-6

FOLFOX = 5-FU, Oxaliplatin, and Leucovorin; FH = 5-FU, and Heptaplatin.
a Eastern Cooperative Oncology Group performance status grade.
b Palliative gastrectomy with or without metastasectomy, or metastasectomy.
c Two cycles of FOLFOX were regarded as 1 cycle of FH.
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Association of Expression of Drug Resistance-Related Proteins With Characteristics of
Patients
In patients with primary metastatic disease, 65 samples (90%) were from their
primary tumor, obtained by surgical resection or gastroscopic biopsy; and 7 (10%) from
metastatic sites, due to the unavailability or insufficient quality of primary tumor specimens.
In patients with recurrence, 37 samples (66%) were from metastatic lesions, while 19 (34%)
were from primary tumors taken during initial diagnosis.
The median values of the H-scores of Bax, ERCC1, and TS were 3, 3, and 4,
respectively, and tumors with H-scores higher than these median values were classified as
high expression. High expression of Bax, ERCC1 and TS was observed in 49 (38%), 60
(47%), and 48 (38%) patients, respectively. The expression status of these drug resistancerelated proteins did not correlate with each other. There was no significant association
between Bax expression and characteristics of patients, while TS expression correlated with
several characteristics such as disease status (Table 2). In addition, patients with high
expression of ERCC1 showed a lower incidence of palliative resection compared with those
with low expression (22% vs. 40%, p=0.036) without any significant association with other
characteristics (data not shown). In 62 patients with measurable lesions, the overall response
rate was 23% (FH: 10%, FOLFOX: 33%). The response rate was not correlated with the
expression of any proteins (data not shown).
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Table 2. Association between expression of Bax or TS and characteristics of patients
Characteristics
Age
<54a
≥54
Gender
Male
Female
Performance statusb
0, 1
2
Disease status
Primary metastatic
Recurrent
Adjuvant chemotherapy
Yes
No
Liver metastasis
Yes
No
Peritoneal metastasis
Yes
No
Palliative resectionc
Yes
No
Regimens
FH
FOLFOX
ERCC1 expression
High
Low
TS expression
High
Low
Bax expression
High
Low

Bax Expression
Low (%)
High (%)

TS Expression
Low (%)
High (%)

P

P

0.719
40 (51)
39 (49)

23 (47)
26 (53)

58 (73)
21 (27)

31 (63)
18 (37)

0.046
45 (56)
35 (44)

18 (37)
30 (63)

53 (66)
27 (34)

36 (75)
12 (25)

0.242

0.328

0.210
56 (71)
23 (29)

40 (82)
9 (18)

48 (61)
31 (39)

24 (49)
25 (51)

0.139
56 (70)
24 (30)

40 (83)
8 (17)

36(45)
44 (55)

36 (75)
12 (25)

0.205

0.001

0.270
30 (38)
49 (62)

24 (49)
25 (51)

17 (22)
62 (78)

15 (31)
34 (69)

0.003
42 (53)
38 (47)

12 (25)
36 (75)

14 (18)
66 (82)

18 (37)
30 (63)

0.296

0.019

0.365
41 (52)
38 (48)

21 (43)
28 (57)

21 (27)
58 (73)

19 (39)
30 (61)

1.000
39 (49)
41 (51)

23 (48)
25 (52)

27 (34)
53 (66)

13 (27)
35 (73)

0.172

0.555

0.272
38 (48)
41(52)

18 (37)
31 (63)

37 (47)
42 (53)

23 (47)
26 (53)

0.002
26 (32)
54 (68)

30 (63)
18 (37)

32 (40)
48 (60)

28 (58)
20 (42)

1.000

0.067

0.094
25 (32)
54 (68)

23 (47)
26 (53)

-

-

_
-

26 (32)
54 (68)

12

0.094
23 (48)
25 (52)

FOLFOX = 5-FU, Oxaliplatin, and Leucovorin; FH = 5-FU, and Heptaplatin.
a Median value.
b Eastern Cooperative Oncology Group performance status grade.
c Palliative gastrectomy with or without metastasectomy, or metastasectomy.
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Association of Expression of Drug Resistance-Related Proteins With Patient Outcome
The median follow-up duration of patients was 10 months (range: 1 – 77 months),
and no patient was lost to follow-up. Sixteen patients were alive at the time of analysis. The
median OS of patients in total was 10 months with a 2-year OS rate of 17%. The FOLFOX
group showed better outcome with median and 2-year OS of 12 months and 26% compared
to the FH group with those of 7 months and 5% (p=0.001).
The median and 2-year OS of patients with low expression of Bax were significantly
inferior compared with those of patients with high expression (9 months vs. 12 months and
7% vs. 32%, p=0.0005; Fig 2A; Table 3). In addition to Bax, poor performance status, no
palliative resection before chemotherapy, and the FH regimen were associated with poor OS
in univariate analysis (Table 3). The outcome of patients with low expression of Bax was
significantly worse in the FOLFOX group, without significant difference in the FH group
(Figs. 2B and 2C). In patients with the FOLFOX regimen, the median and 2-year OS for the
low Bax group compared with the high Bax group were 9 months vs. 18 months and 9% vs.
48% (p=0.0008; Fig. 2B). High expression of ERCC1 and TS was not correlated with patient
outcome (Table 3). Even the combined high expression of TS and ERCC1 did not reveal any
prognostic significance (data not shown). In multivariate analysis, low expression of Bax
was a significant independent predictor of poor OS (p=0.014), along with poor performance
status and no palliative resection before chemotherapy (Table 4).
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Table 3. Univariate analysis of overall survival
Characteristics
Age
<54a
≥54
Gender
Male
Female
Performance statusb
0, 1
2
Disease status
Primary metastatic
Recurrent
Adjuvant chemotherapy
Yes
No
Liver metastasis
Yes
No
Peritoneal metastasis
Yes
No
Palliative resectionc
Yes
No
Regimens
FH
FOLFOX
Bax expression
High
Low
ERCC1 expression
High
Low
TS expression
High
Low

Median Overall Survival (months)

P
0.287

10
10
0.188
9
12
<0.0001
12
4
0.952
10
10
0.761
10
10
0.981
7
10
0.157
9
11
0.0002
14
9
0.001
7
12
0.0005
12
9
0.901
9
10
0.356
10
10

FOLFOX = 5-FU, Oxaliplatin, and Leucovorin; FH = 5-FU, and Heptaplatin.
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a Median value.
b Eastern Cooperative Oncology Group performance status grade.
c Palliative gastrectomy with or without metastasectomy, or metastasectomy
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Table 4. Multivariate analysis of overall survival
Characteristics

Hazard Ratio (95% CI)

Performance statusa
0, 1

Yes
No

<0.0001
1.00

2
Palliative resection

4.62 (2.91-7.33)
b

0.006
1.00
1.86 (1.20-2.89)

Regimens
FOLFOX
FH

0.102
1.00
1.38 (0.94-2.02)

Bax expression
High
Low

P

0.014
1.00
1.68 (1.11-2.54)

CI = confidence interval; FOLFOX = 5-FU, Oxaliplatin and Leucovorin; FH = 5-FU, and
Heptaplatin.
a Eastern Cooperative Oncology Group performance status grade.
b Palliative gastrectomy with or without metastasectomy, or metastasectomy.
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Fig. 2. (A) Overall survival of advanced gastric cancer patients treated with 5-FU and
platinum palliative chemotherapy according to Bax expression. (B) Overall survival of
patients according to Bax expression in the FOLFOX group. (C) Overall survival of patients
according to Bax expression in the FH group.
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IV. DISCUSSION

We evaluated the expression of Bax, ERCC1, and TS under the assumption that
abnormalities in these drug resistance-related proteins may be associated with resistance to
palliative chemotherapy with 5-FU and third-generation platinum regimens, ultimately
leading to poor survival in patients with advanced gastric cancer. The median survival of 10
months in the present patient cohort is comparable to the outcomes in large phase III clinical
trials for palliative chemotherapy of advanced gastric cancer (Chau et al, 2004; Wohrer et al,
2004; Wagner et al, 2006; Rivera et al, 2007; Cunningham et al, 2008; Van Cutsem et al,
2008). Patients treated with FOLFOX regimen demonstrated a better outcome compared to
those with FH. Differences in patient characteristics such as disease status may explain this
result. In addition, a phase II trial with FH regimen for advanced gastric cancer suggested
that the efficacy of FH seemed to be inferior to other regimens, which may help explain the
difference in outcomes (Min YJ, 2004).
In terms of the relationship between the expression of drug resistance-related
proteins and the characteristics of patients, Bax and ERCC1 did not demonstrate a significant
correlation, while low expression of TS was more frequently observed in patients with
recurrent disease. The explanation for these findings is beyond the scope of the present study.
However, since almost all recurrent patients previously received 5-FU-based adjuvant
chemotherapy, there is a possibility that exposure to 5-FU might induce the change in TS
expression.
Several studies have shown that expression of TS and ERCC1 has an inverse
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relationship with response to chemotherapy and survival in advanced gastric cancer patients
receiving systemic chemotherapy with 5-FU-containing regimens (Johnston et al, 1995;
Lenz et al, 1996; Boku et al, 1998; Yeh et al, 1998 Metzger, 1998; Kwon et al, 2007; Wei et
al, 2008). Recently, Kwon et al. reported a significant correlation between high expression of
ERCC1 and poor survival in 64 advanced gastric cancer patients treated with FOLFOX using
immunohistochemical staining (Kwon et al, 2007). Moreover, a study by Wei et al.
demonstrated that ERCC1 mRNA level was a significant independent predictor of poor OS
in 76 advanced gastric cancer patients who underwent FOLFOX chemotherapy (Wei et al,
2008). However, in the present study, expression of ERCC1 and TS was not associated with
outcome of patients. It is difficult to explain the lack of prognostic significance of ERCC1
and TS in the present study. In terms of TS, one possible explanation is that concurrent
administration of oxaliplatin or heptaplatin with 5-FU might have played a role in the failure
of high TS expression to predict poor survival of patients. In the report of Kwon et al., high
expression of TS did not correlate with the clinical outcome of patients, either (Kwon et al,
2007). In terms of ERCC1, the present study revealed contradictory results compared with
the previous studies using FOLFOX regimen showing prognostic significance of high
expression of ERCC1. The study of Kwon et al. investigated ERCC1 expression only in
patients with measurable lesions unlike the present report that included patients with both
measurable and evaluable lesions and even those without definitive radiological lesions
(Kwon et al, 2007). Another report by Wei et al. included a significant proportion of patients
with potentially resectable stage III disease (37 out of 76 patients) (Wei et al, 2008). These
differences in the study population might explain the discrepant findings.
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The most important finding of the current study was the prognostic significance of
Bax expression in patients treated with palliative chemotherapy. In the present study, low
expression of Bax was an independent predictor of poor OS in multivariate analysis, along
with poor performance status and relatively high tumor burden, which have been suggested
as important predictive factors in palliative chemotherapy for gastric cancer (Chau et al,
2004; Lee, 2007; Lee et al, 2007). The role of low expression of Bax as a predictor of poor
clinical outcomes has been reported in several malignancies treated with chemotherapy, such
as breast, ovarian, head and neck cancers (Krajewski et al, 1995; Baekelandt et al, 2000;
Kang et al, 2006). In addition, we recently reported that low expression of Bax was a
significant independent predictor of poor OS in patients with locally advanced esophageal
cancer treated with definitive chemoradiotherapy using 5-FU and cisplatin (Kang et al, 2007).
To our knowledge, the present study is the first report demonstrating the role of Bax
expression as a predictor of clinical outcome in patients with advanced gastric cancer treated
with palliative chemotherapy. However, the present study has several potential limitations,
despite its demonstration of the predictive value of Bax expression. First, this study is a
retrospective analysis from single institution with the patient cohort treated with two
different regimens. Second, both initially metastatic and recurrent diseases were included in
the study population. Third, in patients with recurrent disease, not all specimens for
immunohistochemistry were obtained from recurrent lesions, while almost all these patients
had previously undergone adjuvant chemotherapy. Nonetheless, Bax expression status did
not show a significant difference between primary tumors and metastatic lesions (p=0.849;
data now shown). Fourth, the response rate to chemotherapy did not correlate with Bax
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expression in patients with measurable lesions. However, in a recent comprehensive review,
there was no significant association between response to first-line chemotherapy and the OS
of advanced gastric cancer patients treated with regimens that included new drugs such as
oxaliplatin (Ichikawa & Sasaki, 2006). Finally, the prognostic significance of Bax expression
was demonstrated only in patients treated with FOLFOX regimen. Difference in
characteristics of patients (such as initially metastatic vs. recurrent) or the relatively poor
outcome of patients with FH regimen could explain this finding. Alternatively, there is a
possibility that Bax expression might have a predictive role exclusively for the FOLFOX
regimen, although further studies including patients treated with other regimens are essential
to prove this speculation.
Although further prospective studies with large numbers of patients are warranted
to confirm the role of Bax expression as a predictive factor, the present results may have
significant clinical implications, since there is no established predictive marker except for
pretreatment performance status and tumor burden in palliative chemotherapy for gastric
cancer (Chau et al, 2004; Lee, 2007; Lee et al, 2007). The outcome of patients with high
expression of Bax in the FOLFOX group of the present study is encouraging, with a median
OS of 18 months and a 2-year OS rate of 48%, respectively, considering the data of large
phase III trials (Chau et al, 2004; Wohrer et al, 2004; Wagner et al, 2006; Rivera et al, 2007;
Cunningham et al, 2008; Van Cutsem et al, 2008). Therefore, the results of the current study
suggest that advanced gastric cancer patients with high expression of Bax might benefit from
FOLFOX chemotherapy.
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V. CONCLUSION

Low expression of Bax was significantly associated with the poor survival of
patients with metastatic or recurrent gastric cancer treated with 5-FU and platinum
chemotherapy. If the predictive role of Bax expression is validated by further prospective
studies, a relatively simple immunohistochemical staining for Bax with a pretreatment
gastroscopic biopsy specimen may provide valuable information to oncologists in selecting
FOLFOX

regimen as a treatment option for advanced gastric cancer patients.
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- 국문요약

항암화학요법을 시행받은 위암환자의 예후인자 분석

아주대학교 대학원의학과
정성현
(지도교수: 최진혁)

본

연구는

5-fluorouracil

(5-FU)과

platinum

제제로

고식적

항암화학요법을 시행 받은 진행성 위암환자들에 있어서 Bax, excisional
cross-complementation 1 (ERCC1)과 thymidylate synthase (TS)의
임상결과에 대한 예측인자로써의 역할에 대해 조사하였다. 전이성 혹은
재발성 위암환자 128 명 중 56 명은 5-FU 와 heptaplatin (HP)으로
치료를 받았고 72 명의 환자는 5-FU, leucovorin, 그리고 oxaliplatin
(FOLFOX)로 치료를 받았다. 치료 전 종양 생검조직으로 Bax, ERCC1,
TS 의 면역조직학검사를 시행하였다. Bax, ERCC1, 그리고 TS 의 고발현은
각각 49 명(38%), 60 명(47%), 그리고 48 명(38%)에서 관찰되었다.
전체환자의 중앙 생존값은 10 개월 이었다. 단변량 분석에서 Bax 의 낮은
발현은 불량한 생존과 연관이 있었으나 (중앙생존기간, 9 개월 대 12 개월;
2 년 생존기간, 7% 대 32%; p=0.0005) ERCC1 이나 TS 의 발현은 환자의
치료성적과 관련이 없었다. Bax 의 낮은 발현을 보인 환자들의 치료성적은
FOLFOX 군의 환자에서 유의하게 불량하였으며 (중앙생존기간, 9 개월 대
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18

개월;

p=0.0008)

FH

군의

환자에서는

유의한

차이가

없었다.

다변량분석에서 Bax 의 낮은 발현은 짧은 생존의 유의한 예측인자였다
(p=0.014). Bax 의 낮은 발현은 5-FU 와 platinum 으로 항암화학요법을
시행받은 전이성 혹은 재발성 위암환자의 불량한 생존과 연관이 있었다.
따라서, 치료전의 생검조직으로 시행하는 Bax 에 대한 면역조직학적 검사가
이러한 환자들의 치료로 FOLFOX 제제를 선택하는데 유용하게 사용될 수
있다.

핵심어: 위암, 항암화학요법, Bax, 예후
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