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Cervical cancer is the second leading cause of death
from cancer in women worldwide [1]. Radiotherapy (RT)
is the most important non-surgical treatment for cervical
carcinoma. Several potential markers of response to RT
in cervical carcinoma, such as stage and bulk, histological
type and grade, the presence of lymphovascular inva-
sion, and lymph node status, have been identified [2].
The tumor stage is still believed to be the most important
determinant of prognosis, and tumor size has also been
used as a marker of prognosis for many years [3].

The molecular mechanisms of carcinogenesis have
recently become clearer. In particular, the role of the p53
protein in radiation-induced apoptosis has been docu-
mented in a large number of studies [4]. The activation
of the p53-dependent signal transduction pathway is one
of the responses of cancer cells to DNA damage caused
by ionizing radiation [5] or chemotherapeutic agents [6].
In cancer therapy, the appearance of apoptotic cells is a
useful marker of better survival [7].

Apoptosis may be blocked by the product of the pro-
to-oncogene bcl-2. This protein resides primarily in the
outer mitochondrial membrane, in the nuclear enve-
lope, and in parts of the endoplasmic reliculum [8].

Overexpression of Bcl-2 and Bax has been report-
ed in different human cancers, although the correla-

tions with clinical outcome are conflicting, and depend
on the tumor type and site [9]. In addition, the clinical
significance of abnormal Bcl-2 expression in cervical
carcinoma remains unknown.

Falkvoll and Real [10] showed that, for human
melanoma xenografts given a single radiation dose
(7.5 Gy, 15 Gy, or 25 Gy), there is a dose-dependent
decrease in the fraction of apoptotic cells, with a cor-
responding increase in the number of necrotic cells.
We found the same tendency in cervical tumors irra-
diated with a fractionated regimen. That is, although
apoptotic cells were detectable in hematoxylin and
eosin-stained tissue speciments after 10.8 Gy (6 frac-
tions of 1.8 Gy over 8 days), an increase in the dose
to 19.8 Gy (11 fractions of 1.8 Gy over 15 days) caused
necrosis, and apoptotic cells could hardly be identi-
fied (data not shown). On the basis of this evidence,
we chose 10.8 Gy (6 fractions of 1.8 Gy over 8 days)
as the dose appropriate for the purposes of the present
investigation.

Thermoradiotherapy (TRT) has been reported to
yield higher complete and durable responses compared
with RT alone in both superficial and deepseated tu-
mors [11], and it is believed to be another promising
treatment modality for the management of advanced
cervical carcinoma [12].

In this study, we evaluated Bax and Bcl-2 expres-
sion both before and during RT or TRT, and assessed
their impact on the outcome of treatment.
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The levels of Bax and Bcl-2 expression after 10.8 Gy radiotherapy are useful prognostic markers in patients with
human cervical carcinoma. Thermoradiotherapy was found to result in better treatment responses than radiothe-
rapy for patients with stage IIIB cervical carcinoma. An additive or synergistic antitumor effect of thermoradio-
therapy is likely to occur through induction of apoptosis involving one of the bax pathways.
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Óðîâåíü ýêñïðåññèè áåëêîâ Bax è Bcl-2 ïîñëå ïðîâåäåííîé ëó÷åâîé òåðàïèè (äîçà 10,8 Ãð) ó áîëüíûõ ðàêîì
øåéêè ìàòêè ìîæåò ñëóæèòü ïðîãíîñòè÷åñêèì ìàðêåðîì. Áûëî ïîêàçàíî, ÷òî ëó÷åâàÿ òåðàïèÿ â ñî÷åòàíèè ñ
ãèïåðòåðìèåé ïðè ëå÷åíèè áîëüíûõ ðàêîì øåéêè ìàòêè â ñòàäèè IIIB äàåò áîëåå âûðàæåííûé ýôôåêò ïî
ñðàâíåíèþ ñ îäíîé ëèøü ëó÷åâîé òåðàïèåé. Àääèòèâíûé èëè ñèíåðãè÷åñêèé ïðîòèâîîïóõîëåâûé ýôôåêò ïðè
ñî÷åòàííîì ïðèìåíåíèè ëó÷åâîé òåðàïèè è ãèïåðòåðìèè ìîæåò áûòü ñâÿçàí ñ èíäóêöèåé àïîïòîçà ïî ïóòè,
îïîñðåäóåìîìó ïðîäóêòàìè ãåíà bax.
Êëþ÷åâûå ñëîâà: ðàê øåéêè ìàòêè, ëó÷åâàÿ òåðàïèÿ, ãèïåðòåðìèÿ, Bax, Bcl-2, ïðîãíîñòè÷åñêèå ìàðêåðû, àïîïòîç.
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(A) BAX AND BCL-2 EXPRESSION
PREDICTS RESPONSE TO RADIOTHERAPY
IN HUMAN CERVICAL CANCER

MATERIALS AND METHODS
Patient characteristics. Between October 1994 and

July 1997, 44 patients with histologically proven carci-
noma of the uterine cervix (2 stage Ib, 3 stage IIb, 1 stage
IIIa, 29 stage IIIb, 4 stage IVa, 3 stage IVb, 3 cervical
stump recurrences after hysterectomy) were treated with
definitive RT at Kansai Medical University. The follow-
up for the surviving patients ranged from 1.7 to 40 months
(mean 19.4 months). The median patient age was 64.1
years (range, 35�87 years). The primary tumors ranged
in diameter from 2 cm to 10.5 cm (mean 6.1 cm), mea-
sured by computed tomography (CT) and/or magnetic
resonance imaging (MRI). The tumors consisted of 39
squamous cell carcinomas, 4 adenocarcinomas, and
1 adenosquamous carcinoma (Table1). No patient re-
ceived chemotherapy prior to the RT.

antibody (mAb) was a murine antihuman mAb, sub-
class IgG1, that recognized a cytoplasmic epitope of
Bcl-2 [13]. The anti-Bax mAb was a murine anti-(hu-
man Bax) mAb, subclass IgG, that recognizes an ami-
no-terminal epitope of the human Bax molecule. For
both mAb, staining was developed by immersing the
slides in 3,3'-diamino-benzidine tetrahydrochloride, fol-
lowed by counterstaining with hematoxylin and mount-
ing using an aqueous medium. Staining without anti-
bodies was performed routinely as a negative control.
As positive controls, infiltrating lymphocytes were
stained for Bcl-2 and Bax. On the basis of the per-
centages of Bcl-2 and Bax-immunopositive cells in the
tumors, the lesions were subdivided into three catego-
ries as follows: negative, no or fewer than 5% positive
cells; 1+, more than 5% but fewer than 30% positive
cells; 2+, more than 30% positive cells. Positive immu-
noreactivity required more than 30% positive cells.

Detection and typing of HPV. Tumor samples were
obtained from the 44 patients by punch biopsy prior to
RT. Punch biopsies were taken from two to four different
parts of each tumor and frozen immediately at �80°C.
Genomic DNA was extracted from each tumor accord-
ing to standard protocols. Tumor DNA was amplified by
the polymerase chain reaction (PCR) with primers spe-
cific for human papilloma virus (HPV) 16, 18, and 33 E6,
as previously described [14]. The PCR was carried out
for 40 cycles at 95°C for 1.5 min, 48°C for 1.5 min, and
70°C for 2 min, using a BioGene PHC-1 system.

RESULTS
Overall, 86.4% of the patients (38 of 44) had ad-

vanced or recurrent disease. At present, 19 patients
(43.2%) are alive with no evidence of disease (NED),
15 patients had a local failure, 3 patients had distant
metastases (multiple metastases 2, lung 1), and 7 had
both local failure and distant metastases (multiple me-
tastases 3, lung 2, para-aortic lymph nodes 2). 7 pa-
tients are alive with cancer disease (AWD); 18 patients
(40.9%) have died from recurrent disease (CD, can-
cer-caused death). 40 patients had wild-type p53 in
their tumors, and the remaining four had mutant p53.

Relationships among stage, tumor size, response
and outcome. As shown in Table 2, there was a correla-
tion between stage of disease and response. All 5 pa-
tients with stage I or II showed NED. In contrast, 25 of
39 patients with advanced-stage or recurrent cancer were
AWD or had died (CD) (P = 0.01). The tumor sizes were
4.5 ± 1.9 cm in the stage I�II patients, 6.3 ± 1.8 cm in stage
III, 6.8 ± 1.6 cm in stage IV, and 5.4 ± 2.7 cm in the group
with recurrent cancer. The statistical analysis using a two-
tailed Student�s t-test revealed significant differences be-
tween stage I�II and stage III (P = 0.049), and between
stage I�II and stage IV (P = 0.046). The tumor size in-

Table 1. Clinical characteristics of 44 patients with cervical carcinoma

Total number of Patients
Mean age (years)
     SD
FIGO stage
     Ib
     IIb
     III
     IV
     Reccurrence
Histology
     Squamous cell ca.
     Adeno ca.
     Adenosquamous ca.
Tumor size (cm)
     Mean
     SD
p53 status
     Wild-type
     Mutant-type
HPV infection
     Positive
     Negative

44
64.1
11.1

2
3

29
7
3

39
4
1

6.1
2

40
4

17
27

FIGO � the International Federation of Gynecology and Obstetrics
classification; ca. � carcinoma; HPV � human papilloma virus

Irradiation techniques and dose. All patients en-
tered in the protocol were treated with external pelvic
radiation therapy using 6-MV high-energy linear ac-
celerator. A total of 30.6 Gy was provided to the whole
pelvis, plus an additional dose to the parametria with
central shielding to complete 52.2 Gy, along with 192Ir
high-dose-rate intracavitary brachytherapy. Radiation
was delivered to the tumor in fractions of 1.8 Gy daily,
5 days per week. The dose of 192Ir brachytherapy, ad-
ministered at high dose rate, was 30 Gy to a point, giv-
en as 7.5 Gy per session once per week.

Tissue specimens and immunohistochemistry.
Tumor samples obtained by punch biopsy prior to and
after RT were formalin-fixed and paraffin-embedded,
and consecutive 3-µm-thick sections were cut from
the respective tumor blocks. An immunoperoxidase
method employing an avidin-biotinylated horseradish
peroxidase complex was used to detect Bcl-2 and Bax
proteins in deparaffinized tissue sections, as previously
described [12]. The primary anti-Bcl-2 monoclonal

Table 2. Relationship between tumor stage and response to radiotherapy

Stage NED AWD/CD P
I + II
III + IV + recurrence

5
14

0
25

0.001

NED � no evidence of disease; AWD � alive with disease; CD �
cancer-caused death; P � value calculated by Fisher�s exact test
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creased with the stage of disease. At the time at which
the tumor size of the NED patients was 5.2 ± 1.6 cm, it
had increased to 6.6 ± 2.6 in the AWD patients, and to
6.9 ± 1.6 cm in the patients who subsequently died (CD).
The difference in size was significant between the NED
and CD groups (P = 0.003, two-tailed Student�s t-test).
The median tumor diameter was 6.1 ± 2.0 cm. We divi-
ded the patients into those with tumors less than 6.1 cm
in diameter (n = 23) and those with tumors 6.1 cm in dia-
meter or larger (n = 21). However, there was no signifi-
cant difference in survival between these groups (P = 0.07,
Breslow�Gehan�Wilcoxon-test).

The presence of HPV infection, stage, tumor size,
and outcome. HPV 16, 18, or 33 genomes were de-
tected by PCR in 17 patients (38.6%): 1 patients with
stage I, 3 stage II, 9 stage III, 2 stage IV, and 2 patients
with cervical stump recurrence. The tumor size was
5.6 ± 2.2 cm in the HPV-positive tumors compared to
6.5 ± 1.8 cm in the HPV-negative tumors; there was no
correlation between tumor size and HPV status (two-
tailed Student�s t-test). Of the HPV-positive patients,
8 have NED, 3 are AWD, and 6 suffered CD. Of the HPV-
negative patients, 11 have NED, 4 are AWD, and 12 suf-
fered CD. Thus, there was no significant correlation be-
tween the response and HPV status (Fisher�s exact test),
nor was there any significant difference in survival be-
tween the HPV-positive and HPV-negative patients
(P = 0.53, Breslow�Gehan�Wilcoxon-test).

Relationships between Bax and Bcl-2 expres-
sions before treatment and stage, tumor size, and
outcome. Positive Bax expression before RT was seen
in 10 of 44 tumors (22.7%): in 1 case of stage I, 1 stage II,
4 stage III, 2 stage IV, and 2 cervical stump recurrences.
The tumor size was 6.0 ± 2.6 cm in the Bax+ tumors and
6.2 ± 1.8 cm in the Bax� tumors. Therefore, there was
no correlation between tumor size and Bax status (two-
tailed Student�s t-test). Of the Bax-positive patients,
4 have NED, 3 are AWD, and 3 have suffered CD. Of
the Bax-negative patients, 15 have NED, 4 are AWD,
and 15 have suffered CD. When we divided the patients
into an NED group and an AWD/CD group, there was no
significant relationship between these groups and Bax
positivity (Fisher�s exact test), nor was there any signifi-
cant difference in survival between the Bax+ and Bax�

patients (P = 0.55, Breslow�Gehan�Wilcoxon-test).
Positive Bcl-2 expression before RT was seen in

27 of 44 tumors (61.4%) � in 2 cases of stage I,
3 stage II, 15 stage III, 4 stage IV, and 3 cervical stump
recurrences. The tumor size was 6.0 ± 2.1 cm in the
Bcl-2+ tumors and 6.3 ± 1.6 cm in the Bcl-2� tumors.
There was no correlation between tumor size and Bcl-2
status (two-tailed Student�s t-test). Of the Bcl-2+ pa-
tients, 9 have NED, 6 are AWD, and 12 have suffered
CD. Of the Bcl-2� patients 10 have NED, 1 is AWD and
6 have suffered CD. There was no significant relation-
ship between the NED group and ADW/CD group and
Bcl-2 positivity (Fisher�s exact test). There was no sig-
nificant difference in survival between the Bcl-2-po-
sitive and negative patients (P = 0.9, Breslow�Ge-
han�Wilcoxon-test).

Relationships between Bax and Bcl-2 expres-
sion after RT and stage, tumor size, and outcome.
Positive Bax expression after 10.8 Gy radiation was
seen in 16 of 44 tumors (36.4%), with distinct dense
nuclear staining: in 2 cases of stage I, 3 stage II, 8 stage
III, 2 stage IV, and 1 cervical stump recurrences. The
tumor size was 5.8 ± 1.9 cm in the Bax+ and 6.3 ± 2.0 cm
in the Bax� tumors after RT; there was no correlation
between tumor size and post-radiation Bax status (two-
tailed Student�s t-test). Of the Bax+ patients, 13 have
NED, 2 are AWD, and 1 has suffered CD. Of the Bax�

patients, 6 have NED, 5 are AWD, and 17 have suf-
fered CD. There was a significant relationship between
the NED group and the AWD/CD group and Bax posi-
tivity (P = 0.0002, Fisher�s exact test).

Positive Bcl-2 expression after RT was seen in 28 of
44 tumors (63.6%), with cytoplasmic and perinuclear stain-
ing. Tumor size was larger in Bcl-2+ patients than in Bcl-2�

ones after RT (6.6 ± 1.8 cm compared to 5.2 ± 1.9 cm,
P = 0.02, two-tailed Student�s t-test). Of the Bcl-2+ pa-
tients, 7 have NED, 5 are AWD and 16 have suffered CD.
Of the Bcl-2� patients, 12 have NED, 2 are AWD, and
2 have suffered CD. There was significant relationship be-
tween the NED group and the AWD/CD group and Bcl-2
positivity (P = 0.002, Fisher�s exact test).

The survival of the patients who were Bax+ after ra-
diation was significantly better than that of the Bax� pa-
tients (P = 0.04, Breslow�Gehan�Wilcoxon-test,
Fig. 1, a). The survival of the patients with Bcl-2� tu-

Fig. 1. Survival of patients with respect to Bax (a) and Bcl-2 (b)
expression after 10.8 Gy radiation, plotted using the Kaplan�Mei-
er method and analyzed by the Breslow�Gehan�Wilcoxon-test
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mors after radiation was significantly better than that of
the patients with Bcl-2+ tumors (P = 0.002, Breslow�
Gehan�Wilcoxon-test, Fig. 1, b).

Changes of Bax and Bcl-2 expression before and
after radiation. As summarized in Table 3, 9 tumors
changed from being Bax� before treatment to being Bax+

after RT, and all of the patients in this group now have
NED. The pre-radiation tumor size in this group was
5.9 ± 1.4 cm. A total of 25 initially Bax- tumors did not
change their Bax expression after treatment; six of these
patients have NED, and 19 patients are AWD or have
suffered CD. The tumor size in this group was
6.2 ± 1.9 cm. The group that was Bax� before treatment
and Bax+ after radiation showed significantly better re-
sponses than the group that was Bax� before and after
RT (P = 0.0001, Fisher�s exact test). However there was
no correlation with tumor size in either group (two-tailed
Student�s t-test). Seven tumors did not change their ini-
tially Bax-positivity after treatment; 4 of these patients
have NED, and 3 are AWD or have suffered CD. The
tumor size in this group was 5.6 ± 2.6 cm. Three tumors
changed from being Bax+ before treatment to being Bax�

after radiation, and all of the patients in this group are
AWD or have suffered CD. The tumor size in this group
was 7.0 ± 3.1 cm. There was no correlation between ra-
dioresponse (Fisher�s exact test) and tumor size (two-
tailed Student�s t-test) in these groups (Table 3).

and tumor size (two tailed Student�s t-test) in these
groups (Table 4).

Table 3. Bax expression before and after RT

Expression NED AWD/CD Pa Tumor size (cm) Pb

Bax-
àBax+

Bax-
àBax-

Bax+
àBax+

Bax+
àBax-

9
6
4
0

0
19
3
3

0.0001

0.17

5.9 ± 1.4
6.2 ± 1.9
5.6 ± 2.6
7.0 ± 3.1

NS

NS

a � Fisher�s exact test
b � two-tailed Student�s t-test

Table 4. Bcl-2 expression before and after RT

Expression NED AWD/CD Pa Tumor size
(cm)

Pb

Bcl-2-
à Bcl-2+

Bcl-2-
à Bcl-2-

Bcl-2+
à Bcl-2+

Bcl-2+
à Bcl-2-

1
9
6
3

6
1

15
3

0.004

0.3

7.3 ± 0.9
5.6 ± 1.7
6.4 ± 2.4
4.7 ± 2.4

0.02

NS

a � Fisher�s exact test
b � two-tailed Student�s t-test

(B) BAX AND BCL-2 EXPRESSION
FOLLOWING RADIATION THERAPY
VERSUS RADIATION PLUS
THERMORADIOTHERAPY IN STAGE IIIB
CERVICAL CARCINOMA
The relative amounts of Bcl-2 and Bax proteins

determine cell survival or death following an apoptotic
stimulus. To clarify the molecular mechanism of cell
death after radiotherapy of thermoradiotherapy and its
relation to the response of AJCC/UICC Stage IIIB cer-
vical carcinomas, the expression of Bax and Bcl-2 pro-
teins was investigated both before and in the course of
treatment given during this study.

MATERIALS AND METHODS
Patient characteristics. Between October 1994

and June 1998, 37 patients with Stage IIIB carcinoma
of the uterine cervix were enrolled in this study at Kan-
sai Medical University. The patient eligibility criteria for
entry into the study were as follows: 1) histologically
proven cervical carcinoma; 2) International Federation
of Gynecology and Obstetrics (FIGO) Stage IIIB dis-
ease; 3) Estern Cooperative Oncology Group (ECOG)
performance status of 0�2; 4) no prior chemotherapy,
RT, or surgery; 5) adequate bone marrow, liver, and
renal function; 6) no concomitant malignancies; and
7) provision of informed consent. The protocol of this
trial was approved by the Kansai Medical University
Review Board. Randomization to treatment groups was
performed by a computer-generated random number
list. The patients were divided into the following two
groups: the RT group of 19 patients who received RT
alone, and the TRT group of 18 patients treated with
RT and hyperthermia once a week for a total of 3 ses-
sions, for up to 30.6 Gy of radiation. All randomized
patients were evaluated for clinical response as well as
p53 status, HPV infection, and Bax and Bcl-2 immun-
ostaining.

As shown in Table 5, there were no significant dif-
ferences in patients� demographics, tumor character-
istics, or follow-up between the two groups. Meanwhile,
the frequency of mutation in p53 was significantly higher
in the TRT group than that in the RT group (P = 0.046,
Fisher exact test).

Hyperthermia. Hyperthermia was delivered via a
radiofrequency (RF) capacitive heating device (Ther-
motron RF-8, Yamamoto Vinita Co., Osaka, Japan) that
uses 8 MHz RF electromagnetic waves as a source of
heat. The output power ranged from 800 to 1500 W.
The heating was performed as previously described

7 tumors changed from being Bcl-2� before treat-
ment to being Bcl-2+ after RT; 1 patient in this group
now has NED and 6 patients are AWD or have suf-
fered CD. The pre-radiation tumor size in this group
was 7.3 ± 0.9 cm. Ten tumors did not change their Bcl-
2-negative expression after treatment; 9 patients have
NED, and 1 patient died from cancer. The tumor size
in this group was 5.6 ± 1.7 cm. The group that was
Bcl-2� before treatment and Bcl-2+ after radiation
showed significantly poorer responses than the group
that was Bcl-2- both before and after treatment
(P = 0.004, Fisher�s exact test). In addition, the mean
tumor size of the group that was Bcl-2- before treat-
ment and Bcl-2+ after radiation was larger than that of
the group that was Bcl-2� before treatment and Bcl-2�

after RT (P = 0.02, two-tailed Student�s t-test) in these
groups. Altogether 21 tumors did not change their
Bcl-2+ expression after treatment; 6 of these patients
have NED, and 15 patients are AWD or have suffered
CD. The tumor size in this group was 6.4 ± 2.4 cm.
6 tumors changed from being Bcl-2+ before treatment
to being Bcl-2� after RT; 3 of these patients have NED
and 3 patients are AWD or have suffered CD. The tu-
mor size in this group was 4.7 ± 2.4 cm. There was no
correlation between radioresponse (Fisher�s exact test)
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18 tumors (16.7%) in the TRT group. Therefore, there
was no correlation between the two groups and Bax
status either before or after treatment (Fisher�s exact
test). In the course of the treatment, the total numbers
of Bax-positive tumors became 15.8% (3 of 19) and
44.4% (8 of 18) in the RT and TRT groups respective-
ly. A relative increase in Bax expression was observed
in 10.5% of tumors (2 of 19) in the RT group versus
44.4% of tumors (8 of 18) in the TRT group. Thus, the
absolute number of tumors that showed a relative in-
crease in Bax expression was higher in the TRT group
than in the RT group (P = 0.02, Fisher�s exact test).
Changes in Bax expression scores before and after
10.8 Gy of radiation are shown for the RT and TRT
groups in Fig. 2, a, b.

Pretreatment and posttreatment Bcl-2 expres-
sion in the RT and TRT groups. Pretreatment Bcl-2
was positive in 7 of 19 tumors (36.8%) in RT group and
6 of 18 tumors (33.3%) in the TRT group. Therefore,
there was no correlation between the two groups and
Bcl-2 status either before or after treatment (Fisher�s
exact test). In response to treatment, an increase in
Bcl-2 expression was seen in 21.1% of tumors (4 of
19) in the RT group and 27.8% of tumors (5 of 18) in
the TRT group. Therefore, there was no significant dif-
ference between the two groups and the changes of
Bcl-2 expression in response to treatment.

DISCUSSION
Apoptosis plays an important role in the cytotoxic

effects of radiation therapy [7] and chemotherapy [16].
The activation of p53 is associated with induction of
apoptosis [4]. When the cellular DNA is damaged by
the stress such as ultraviolet, radiation and hyperther-
mia, the level of wild type p53 will be increased, then
the cell cycle is arrested at G1 stage. In this period, DNA
replication is carried out, cell cycle again will be going
on, DNA synthesis begins. But if the replication is not
possible, mutant cell will be eliminated through apop-
tosis. These functions of the wild p53 as the G1-check-
point are observed not only in normal cell but in cancer
cell having wild type p53 gene. As stated above, when
the DNA is damaged, various kind of gene will be ex-
pressed by the signal transduction pathway around p53
and cell cycle and apoptosis are controlled as shown in
Fig 3.

In the case of having mutant p53 gene, the cell cy-
cle is not arrested by even the stress raising DNA da-
mage, and apoptosis is not seen. Activation of the p53
pathway under genotoxic stress leads to the down-re-
gulation of bcl-2 and the up-regulation of bax [17]. Bax
homodimerizes and forms heterodimers with Bcl-2
in vivo [18]. Oltvai et al. reported that the ratio of Bcl-2
to Bax determines survival or death following an apop-
totic stimulus [18]. They described that when Bcl-2 is
in excess, cells are protected; however, when Bax is in
excess and Bax homodimers dominate, cells are sus-
ceptible to apoptosis.

The findings regarding Bcl-2 are controversial. The
prognostic importance of Bcl-2 overexpression has
been reported for various solid carcinomas. Bcl-2 pro-

Table 5. Clinical characteristics of patients with cervical carcinoma stage IIIB

Characteristic RT (n = 19) TRT (n = 18) P value
Mean age (years)
     SD
Follow-up time (month)
     Mean
     Range
Histology
     Squamous cell ca.
     Adeno ca.
Tumor size (cm)
     Mean
     SD
P53 status
     Wild-type
     Mutant-type
HPV infection
     Positive
     Negative

61.6
11.2

22.2
3.5-44.5

18
1

6.3
1.7

19
0

6
13

63.8
9.5

24.2
5.9-48.8

15
3

6
2.3

14
4

4
14

NS*

NS*

NS**

NS*

0.046

NS**

ca. � carcinoma;  HPV � human papilloma virus
* � two tailed Students� t-test
** � Fischer�s exact test

Table 6. Treatment response and clinical outcome

RT (n = 19) TRT (n = 18) P value
Treatment response
     CR
     PR
     NC
Clinical outcome
     Disease-free
     Local failure
     Local failure and distant   
       metastases
     Distant metastases

10
5
4

9
6

3
1

15
2
1

12
2

1
3

0.049
NS
NS

NS
NS

NS
NS

P value calculated by Fisher�s exact test

[15]. The electromagnetic power was applied between
2 external disk electrodes 25 or 30 cm in greatest di-
mension placed on opposite sides of the pelvic region.
The temperature of the tumor was measured in all pa-
tients using a 4-point microthermo-couple sensor,
which was inserted into the tumor through a 21-gauge
catheter with the aid of ultrasonography (US). Hyper-
thermia was applied 10�20 min after external RT once
a week for a total of 3 sessions. The first heating was
usually performed after the third of fifth fraction of ex-
ternal RT.

Clinical response. The response of the tumor to
the treatment was defined as follows: complete re-
sponse (CR) when no tumor was detected by physical
examination or magnetic resonance imaging (MRI), and
cytologic or biopsy studies were negative for malignant
cells for at least 1 month after treatment; partial re-
sponse (PR) when the tumor mass was reduced by
≥ 50%; and no change (NC) when the reduction in the
tumor mass was <50%.

RESULTS
Treatment response in the RT and TRT groups.

The number of patients with CR was significantly greater
in the TRT (15 of 18 patients, 83.3%) than in the RT
group (10 of 19 patients, 52.6%) (P = 0.049, Fisher�s
exact test). Clinical outcome was also better for the TRT
group (Table 6).

Pretreatment and posttreatment Bax expression
in the RT and TRT groups. Pretreatment Bax was
positive in 2 of 19 (10.5%) in the RT group and 3 of
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tein expression has been linked to a poor prognosis in
bladder cancer [19] and prostate cancer [20]; a better
prognosis in well-differentiated breast carcinoma [21],
and no correlation was found in laryngeal squamous
cell carcinoma [22]. In addition, Bax+ Bcl-2- tumor ex-
pression had a significant negative influence on sur-
vival in patients with non-small-cell lung carcinoma [9].
In contrast, neither Bax nor Bcl-2 expression has been
linked to prognosis in gastric carcinoma [23]. In the
present study, we observed no significant difference in
survival between the patients with pre-treatment Bax+

or Bcl-2� tumors and the patients with Bax� or Bcl-2+

tumors.
Since there is controversy surrounding the prog-

nostic value of Bax and Bcl-2 expression in pre-treat-
ment specimens of cervical carcinoma, we investigat-
ed the correlation between Bax and Bcl-2 expression
before and after radiotherapy and outcome. West et al.

[24] found a correlation between intrinstic radiosensi-
tivity and outcome in cervical cancer, using the Courte-
nay-Mills clogenic assay. In that trial of 88 patients with
carcinoma of the cervix treated with radiation therapy,
tumor cell survival in vitro following a dose of 2 Gy (SF2)
was significantly predictive of outcome.

Using as an end-point the accumulation of Bax
and Bcl-2 in tissue specimens taken after the admi-
nistration of 10.8 Gy, we found that there was a sig-
nificantly increased survival rate among the patients
with Bax+ tumors, compared with Bax- tumors
(P = 0.04). Thus, Bax expression may reflect the sus-
ceptibility to apoptosis, revealing a prominent early
radiation response in radiosensitive tumors. Our data
are in agreement with earlier in vitro [25] and in vivo
observations [26]. In contrast to Bax, there was a sig-
nificantly decreased survival rate among patients with
Bcl-2- tumors (P = 0.002).

The importance of Bax and Bcl-2 expression in the
response of cervical carcinoma to TRT remains un-
known. In the current study, we found a positive corre-
lation between the relative increase of Bax in the course
of the treatment and patients� treatment responses. The
TRT treatment caused more efficient activation of bax
apoptotic pathway (44.4% of patients (8 of 18) in the
TRT group vs. 10.5% (2 of 19) in the RT group, P = 0.02)
and superior local tumor control (83.3% of patients (15 of
18) in the TRT group vs. 52.6% (10 of 19) in the RT
group, P = 0.0049). In contrast, there was no correla-
tion between the increase of Bcl-2 expression and
treatment response in this study.

In contrast to the situation in many other human tu-
mors, p53 mutations are only rarely detected in cervi-
cal cancers [27]. In the present study also, only 4 pa-
tients (9.1%) were found to have mutations in the p53
gene, as evaluated by an SSCP analysis of genomic
DNA. 4 tumors with mutant p53 had G·C to A·T muta-

Fig. 2. Changes in the score of BAX expression before and after 10.8 Gy radiation in the RT group (n=19) (a) and in the TRT group
(n=18) (b)

Fig. 3. Signal transduction pathway around p53
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tions. Our data are in agreement with a report on the
high frequency of G·C to A·T mutations in cervical car-
cinoma [28]. In one patient with a mutant-p53-positive
tumor, Bax expression with no Bcl-2 expression was
seen, which resulted in a good prognosis. There are
two explanations for the presence of Bax expression in
patients bearing mutant p53. Either the mutated p53
gene does not lose the ability to activate the bax gene,
or, more probably, bax is activated through a p53-in-
dependent pathway.

Activation of one of the bax pathways is a proposed
mechanism of synergistic antitumor effects of RT and
hyperthermia.
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