784 Phase I study of the Japanese Gynecologic Oncology Group

Common adverse reactions reported in this study were
haematological toxicities (leukopenia, neutropenia and
decreased haemoglobin), HFS and stomatitis,

The median time to nadir for WBC, neutrophils and hae-
moglobin after the start of administration of PLD was 15—22
days, and the median time to recovery to baseline after
reaching the nadir was 7-8 days. Repeated cycles did not
lead to worsening the events. Most patients could receive
PLD continually by concomitant use of G-CSF and dose
modification, such as dose reduction and delay of next
administration.

In the previous Phase III study (13), HFS and stomatitis
occurred in 49% (Grade 3 or higher: 23%) and 40% (Grade
3 or higher: 8%) of patients, respectively. Although these
toxicities were seen in 78.3 and 77.0% of patients in our
study, only 16.2 and 8.1% of patients experienced Grade 3
or higher toxicities, respectively, Most patients could conti-
nually receive PLD treatment by dose modification of PLD
and supportive care, and the patients discontinued due to
toxicities were few.

Infusion-related reaction that is known as toxicity specific
to PLD was seen in 14 patients (18.9%) during the first cycle,
all of which were resolved on the day of the occurrence or the
following day. The second cycle was administered in 11 of 14
patients with infusion-related reactions. No recurrence of
infusion-related reactions was seen in all |1 patients, It is
important to use PLD with close attention to the condition of
patients at the first administration of PLD. Infusion-related
reaction is related to the initial infusion rate of PLD, It has
been reported that decreasing the infusion rate reduces the risk
of the infusion-related reaction (21).

It has been reported that cardiac toxicity, which is a sig-
nificant problem with the use of conventional doxorubicin,
associated with PLD is mild (22). Also in this trial,
all cardiac toxicities observed were Grade 1, and had no
effect on continuation of the trial. Furthermore, no patients
experienced Grade 2 or higher alopecia, and Grade 3 or
higher gastrointestinal toxicities were rarely seen in our trial.
These toxicities are frequently induced by treatment of
conventional doxorubicin.

These results suggest that toxicity of PLD is manageable
by dose modification of PLD and supportive care.

Most patients with ovarian carcinoma exhibited response
to first-line chemotherapy, however, the incidence of recur-
rence is high and prognosis is poor. It might be important to
recognize that the chemotherapy would be palliative treat-
ment for treatment of recurrent ovarian carcinoma. PLD has
a safety profile that is different from that of platinum and
taxanes, which are used for the standard first-line chemother-
apy. PLD has a low risk of enhancing cumulative toxicities
(haematological toxicity or neurotoxicity) associated with
first-line chemotherapy. PLD is expected to have a beneficial
effect against disease progression as the proportion of
patients with CR, PR or §D and time to progression were
60.3% and 166 days (median). Furthermore, PLD might
make it easy to provide long-term outpatient chemotherapy

since PLD would reduce a patient burden by dosing once
every 4 weeks,

In conclusion, this trial demonstrated that PLD (50 mga’rﬂ2
every 4 weeks) was expected to have antitumour effect in
Japanese patients with Miillerian carcinoma previously
treated with platinum-based chemotherapy and that toxicities
associated with PLD are manageable by dose modification
and supportive care. In the USA and Europe, combination
chemotherapy with PLD and platinum has recently been
investigated in the platinum-sensitive group where PLD is
considered to be more effective (23,24,25). It is desirable to
investigate the optimal regimen of the combination therapy
in Japan.
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Abstract. The aim of this study was to evaluate the clinico-
pathological prognostic factors in patients with stage IVb
cervical carcinoma (CC). All patients with stage IVb CC
included in the study were diagnosed from 1997 to 2006 at
the National Cancer Center Hospital, We retrospectively
examined clinicopathological parameters in these patients,
including the efficacy of chemotherapy. Survival was
evaluated using Kaplan-Meier curve analysis and log-rank
test. The independent prognostic factors found to be
predictive of survival in univariate and multivariate analysis
were evaluated using a Cox's proportional hazard model.
Thirty-six patients (median age 54 years) were diagnosed
with stage IVb CC. The median progression-free survival
and overall survival were 3.8 and 11.1 months, respectively.
As initial treatment, 4 patients underwent hysterectomy, 13
received chemotherapy, 17 received radiotherapy, and the
remaining 2 patients refused treatment. A total of 21 patients
received chemotherapy, of which 13 were initial cases, 7
were persistent/recurrence cases, and 1 was a postoperative
adjuvant case; 15 patients were never treated with chemo-
therapy. On univariate analysis, poor performance status
(PS) and non-chemotherapy groups were considered poor
prognostic factors, respectively. On multivariate analysis,
poor PS (p=0.007; hazard ratio, 2.64) and non-chemotherapy
(p=0.016; hazard ratio, 6.03) were independent prognostic
factors of survival, respectively. Poor PS and non-chemo-
therapy groups were found to have poor prognosis in patients
with stage IVb CC. Chemotherapy may improve the survival
for stage IVb CC.
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Introduction

Cervical carcinoma is the main cause of death in females
throughout the world, despite the fact that a useful screening
method has been established (1). In stage I/II patients,
conventional treatments such as surgery and radiotherapy have
achieved good results. In stage HI/IV patients, various treat-
ments such as the combination of surgery and radiotherapy,
radiotherapy, and chemoradiation therapy are being examined,
though their long-term results are still poor (2,3). The 5-year
survival of stage IVb patients ranges from 0 to 44%, and
approximately 50% of these patients show a fatal outcome
within 1 year (4-6). No standard therapy has been established,
and palliative surgery, radiotherapy, and best supportive care
(BSC) have been performed as initial treatment. However,
since stage IVb cervical carcinoma is a systemic disease,
surgery and radiotherapy are useful for local control, but are
insufficient. In addition, BSC is not effective for the severe
local pain characteristic of this disorder (7). Since 1990,
chemotherapy has been employed as a type of BSC in patients
with good general condition and organ function (8). However,
as this therapy targets the relief of symptoms and improve-
ments in quality of life (QOL), regimens with less toxic low-
dose agents were initially administered (9). No randomized
comparative study has examined whether chemotherapy for
stage [Vb cervical carcinoma prolongs survival compared to
BSC,

Several studies have investigated single-agent chemo-
therapy for cervical carcinoma, and reported that the response
rates to cisplatin, ifosfamide, paclitaxel, vinorelbine and
topotecan of 20-30% (5.8,10-12), 14-40% (13-15), 17% (16),
15% (17,18) and 12-19% (19,20), respectively. Cisplatin has
been the most frequently used agent, and has achieved the
highest response rate. Therefore, cisplatin has been employed
as a key drug for more than 20 years. However, the response
to single-agent cisplatin has been limited, and combination
chemotherapy with other agents has been administered to
achieve improvement in prognosis, exceeding the enhancement
of its toxicity. Result of recent phase 111 studies have indicated
that combination regimens with cisplatin/paclitaxel (21) or
cisplatin/topotecan (22) are more effective than single-agent
cisplatin,

A few studies have reported that factors affecting the
prognosis of stage IVb cervical carcinoma include main organ

— 44—



498

metastases, multiple lymph node metastases, poor perfor-
mance status (PS), and non-squamous cell carcinoma (23-29).
According to some studies, the results of surgery combined
with radiotherapy or radiotherapy alone are relatively good in
stage Vb cervical carcinoma patients with para-aortic lymph
node metastases alone (30-33). However, chemotherapy for
stage IVb patients with cervical/mediastinal lymph node or
main organ metastases, without surgery and radiotherapy, has
been reported to have only slight effect.

In this study, we retrospectively investigated the clinico-
pathological features of stage IVb cervical carcinoma, and
evaluated the efficacy of chemotherapy for this siage of cancer,

Patients and methods

Patients with stage IVb cervical carcinoma were diagnosed
and treated in the National Cancer Center Hospital between
April 1997 and March 2006. Stage was evaluated according
to the FIGO staging. We rectrospectively reviewed the medical
chart of these patients.

Treaiment, Therapeutic strategies were selected for individual
patients. For surgery, total hysterectomy (radical hysterectomy
in some patients) and bilateral salpingo-oophorectomy were
performed. Pelvic and/or para-aortic lymphadenctomy were
performed in some patients. For radiotherapy, the area of
external irradiation was established as the entire pelvic region
from the closed pore to the L4/5 lumbar vertebrae, with a
radiation dose of 2 Gy per treatment (total dose, 50-60 Gy).
When the cumulative dose reached 20-30 Gy, external irradi-
ation was combined with high-dose intra-cavity irradiation,
with a central shield, at a radiation dose of 5 Gy (total dose,
20-25 Gy). When imaging findings suggested para-aortic
lymph node metastases, biopsy was performed. After a
definitive diagnosis of metastases was made, the irradiation
field was extended to include the para-aortic node. For chemo-
therapy, eligible patients participated in a phase II clinical
study with an in-house protocol that we previously reported,
including paclitaxel (PTX)/carboplatin (CBDCA) therapy
(Kitagawa R, et al, Proc ASCO 22: abs. 5048, 2004) (PTX,
175 mg/m?, CBDCA AUCS, day 1, every 3 weeks for 6
cycles), and carboplatin (CBDCA )/irinotecan (CPT) therapy
(Hori 8, er al, Proc ASCO 21: abs. 835, 2002) (CBDCA
AUCS, day 1, CPT 60 mg/m?, days 1, 8 and 15, every 4
weeks for 6 cycles). For patients with PS of 3, weekly
PTX/CBDCA therapy (PTX 80 mg/m?, CBDCA AUC2,
continuous administration for 20 weeks) was administered.
In | patient with small cell carcinoma, cisplatin (CDDP)/CPT
therapy (CDDP, 60 mg/m?, day 1, CPT 60 mg/m?, days 1, 8
and 15, every 4 weeks for 6 cycles) was administered as
postoperative adjuvant therapy.

Best supportive care (BSC) was defined as treatment
targeting the relief of symptoms without surgery, radiotherapy
or chemotherapy, as described above,

Evaluation. Pretreatment clinical evaluation was repcated
before each treatment cycle with the exception of radiography
or CT/MRI imaging, which was repeated at least every other
treatment cycle. Treatment was continued until disease
progression or adverse effects precluded further administration.

NISHIO er al: ANALYSIS OF STAGE IVb CERVICAL CARCINOMA

The response to treatment, in terms of the best response
achieved in a given patient, was assessed using standard
clinical criteria. A complete response (CR) was defined as
the disappearance of all gross evidence of disease for at least
4 weeks. A partial response (PR) was defined as a >50%
reduction in the product of perpendicular diameters obtained
from the measurement of each lesion, sustained for at least
4 weeks. Progressive disease (PD) was defined as a >50%
increase in the product of perpendicular diameters of any
lesion documented within 2 months of study entry or the
appearance of any new lesion within 8 weeks of study entry.
Stable disease (SD) was any condition not meeting any of the
above three criteria. Overall survival was measured as the
observed length of life from protocol entry to death or (for
living patients) date of last contact. Progression-free survival
was measured from the date of initiation of protocol to the
first progression or death, or to the date of last contact for
patients who were alive and progression-free.

Persistent disease was defined as carcinoma at a pelvic
site known to be previously involved within 6 months of
staging. Recurrent disease was classified as a new tumor in
the extrapelvic area or pelvic disease >6 months after staging
in a location previously tumor-free. Persistent or recurrent
disease was documented by surgical exploration, biopsy or
progression on imaging studies. The time of recurrence or
death was calculated from the date of original staging. The
end of the follow-up period was March 2006.

Statistical analysis. Statistical analysis was performed using
SPSS. The impact of clinical and pathologic risk factors on
survival was evaluated using Kaplan-Meier curve analysis
and log-rank test. The independent prognostic factors found
to be predictive of survival in univariate and multivariate
analysis were evaluated using Cox's proportional hazard
model. P-values <0.05 were considered significant.

Results

Thirty-six patients were treated between April 1997 and
March 2006, Table | shows the patient characteristics. The
median age was 54 years. In 34 patients, PS was almost 0, 1
or 2. In the remaining 2 patients, PS was 3. As initial treatment,
surgery was performed in 4 patients, radiotherapy in 17, and
chemotherapy in 13. BSC was performed in two patients who
did not wish to receive aggressive treatment. Histopatho-
logically, 18 patients had squamous cell carcinomas, 16 had
adenocarcinomas and 2 had small cell carcinomas. The
median primary tumor diameter was 4.1 cm, with a maximum
of 7.7 cm. In addition, a bulky mass was detected in 28
patients. In 13 patients, hydronephrosis was noted, with 8 of
these having bilateral hydronephrosis. The number of distant
metastases was 1 in most patients, but 3 or 4 in some patients.
The metastatic lesion sites included the para-aortic node in 7
patients and the main organs in 8 patients. Table IT shows the
sites of distant metastases (including duplicating patients). In
the abdominal cavity, para-aortic lymph node metastases
were detected in 18 patients (50%), comprising the highest
percentage. In the extraperitoneal region, supraclavian lymph
node metastases were detected in 13 patients (36%). Among
main organ metastases, liver metastases were detected in 7
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Table 1. Patient characteristics,

Age (year), median (range)

PS 0/1/2/3

54 (28-77)

5/18/11/2

No. of patients 36
Imitial treatment

Surgery -4

Radiotherapy 17

Chemotherapy 13

Best supportive care 2
Pathology

Squamous cell carcinoma 18

Adenocarcinoma 16

Small cell carcinoma 2
Primary tumor size (cm), median (range) 4.12.1-7.7)
Bulky mass >4 ¢cm

Negative 8

Positive 28
Hydronephrosis

Negaltive 23

Unilateral 5

Bilateral 8
No. of distant metastases

I 20

2 13

3 2

4 1
Site of distant metastases

Para-aortic lymph node only 7

Distant lymph node only 7

Organ metastases only 1

Para-aortic lymph node + Distant lymph node 10

Para-aortic lymph node + Organ metastases 1
Table I1. Distant metastases in patients.
l_Vlclaslnlic sites n (%)
Intra-abdominal metastases

Para-aortic lymph node 18 (50)

Liver 7 (19)

Spleen 2 (5.5)

Small intestine 1 (2.1
Extra-abdominal metastases

Lung 4 (1)

Bone 2 (5.5)

Supraclavicular lymph node 13 (36)

Mediastinal lymph node 2 (5.5)

Inguinal lymph node 2 (5.5
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Propartion surviving

0 1] 0 11} 4“0 0 )
Time (months)

Figure 1. Kaplan-Meier analysis of progression-free survival (solid line) and
overall survival (dotted line). Vertical bars indicate censored cases.

Table I11. Characteristics of 21 patients with chemotherapy.

n=21

Indication for therapy

Initial case 13

Persistent/recurrence case

Postoperative case 1
Regimens

Paclitaxel/carboplatin 9

Irinotecan/carboplatin 9

Weekly paclitaxel/carboplatin 2

Irinotecan/cisplatin 1

patients, comprising the highest percentage, followed by
lung metastases in 4 patients. The median progression-free
survival and overall survival were 3.8 months and 11.1 months,
respectively (Fig. 1).

We examined the effects of chemotherapy on stage IVb
cancer (Table 111). Chemotherapy was administered to 21
patients, 13 of whom were undergoing initial treatment, 7 of
whom had persistent/recurrence, and 1 of whom was under-
going postoperative therapy. The regimens consisted of
paclitaxel/carboplatin in 9 patients, irinotecan/carboplatin in
9, weekly paclitaxel/carboplatin in 2, and cisplatin/irinotecan
in 1. In 2 patients, including 1 undergoing postoperative
adjuvant therapy, chemotherapy was discontinued due to
adverse effects. For lesions that could be measured, the
response rale was 61.9% (95% CI, 41.1-82.6) including 4
patients with CR and 9 patients with PR (Table ['V).

We compared survival in the chemotherapy and non-
chemotherapy groups. The median survivals of the chemo-
therapy and non-chemotherapy groups were 11.1 and 5.1
months, respectively, with a significant difference (p=0.0055)
(Fig. 2).

We also compared survival between initial chemotherapy
and initial other treatment groups. The median survivals in
the initial chemotherapy and initial other treatment groups
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Table IV. Response rate of chemotherapy (n=21).

NISHIO et al: ANALYSIS OF STAGE IVh CERVICAL CARCINOMA

Table V. Prognostic factors of overall survival.

Response (%)
CR PR SD PD NE RR

61.9%

(95% CI,41.1-82.6%)

CR, complete response; PR, partial response; SD, stable disease;
PD, progression disease; NE, not evaluable; RR, response rate.

Proportion surviving
-
i

g Al i
e
54 L
i
0
T T T T T T T T
o 0 20 30 40 50 60 70
Time {months}

Figure 2. Kaplan-Meier analysis of overall survival according to with/
without chemotherapy in stage IVb cervical carcinoma. Chemotherapy
group (solid line) is significantly better prognosis (p=0.0055) than non-
chemotherapy group (dotted line). Vertical bars indicate censored cases.

Proportion surviving
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Figure 3. Kaplan-Meier analysis of overall survival according to with/
without initial chemotherapy in stage IVh cervical carcinoma. There are no
statistical differences (p=0.09) between initial chemotherapy group (solid
line) and other initial treatment group (dotted line). Vertical bars indicate
censored cases

were 13.2 and 7.5 months, respectively, but it did not reach
statistical significant (p=0.09) (Fig. 3). Two patients treated
by chemotherapy alone as an initial treatment have survived

Multivariate

Univariate

Factor P-value P-value HR 95% C1
Age 250 0.171 0506 136 054-343
PS (0 and | vs. 0.005 0.007 264 142491
2 and 3)

Pathology (SCC vs.  0.638 -

non-SCC)

Organ metastases 0.792 - - a

(0 vs.=1)

No. of distant 0.109 0546 122 0.63-235
metastases (1 vs. 22)

Bulky mass 0.478 -

Chemotherapy 0011 0016 603 197-18.37

disease-free for 51.8 and 68.6 months, respectively. One patient
had stage IVb CC with para-aortic lymph node metastases
while the other had stage IVb CC with subclavian lymph node
metastases and mediastinal lymph node metastases. Both
patients were administered paclitaxel/carboplatin for 6 cycles.
After 6 cycles, the primary lesion and metastatic site exhibited
complete response.

We analyzed chemotherapy, age, PS, histological type,
main organ metastases, number of distant metastases, and
bulky masses as prognostic factors. On univariate analysis,
poor PS and non-chemotherapy groups were prognostic
factors. On multivariate analysis, a poor PS (p=0.007; hazard
ratio, 2.64; 95% CI, 1.42-4 91) and non-chemotherapy groups
(p=0.016; hazard ratio, 6.03; 95% CI, 1.94-18.37) also affected
overall survival (Table V).

Discussion

The prognosis of stage IVb cervical carcinoma is poor in
patients with systemic metastases, No treatment has been
established. In the NCI-PDQ, it is described that therapeutic
strategies for this stage of cancer include palliative radio-
therapy, chemotherapy as a regimen designed by a clinical
study, and chemotherapy with cisplatin, which has previously
been reported (34),

In stage IVb patients with para-aortic lymph node
metastasis alone, surgery with postoperative radiotherapy and
extended radiotherapy achieved a 5-year survival rate of 50%
(30-33), and radical surgery may also be an option. However,
since most metastases involve the main organs, it is difficult
to control them by local treatment, and chemotherapy is
indicated for most patients (4).

Various regimens of chemotherapy for this stage of cancer,
including single-agent, have been investigated. In particular,
cisplatin has most frequently been employed, and yields the
highest response rate as a single-agent. It has therefore been
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used as a key drug for more than 20 years (5,8,10-12).
However, since the efficacy of cisplatin as a single-agent
persists for only 6 months, combination regimens have been
administered to improve in the prognosis to an extent
exceeding the enhancement of its toxicity. In the 1990s,
many phase II clinical studies investigated combination
regimens with 2-4 agents including cisplatin. Cisplatin with
ifosfamide (IFM) yielded the second highest response rate,
and bleomycin (BLM), which has commonly been employed
to treat other cancers due to its similar high response rate
and low toxicity. The usefulness of IP (IFM + CDDP) (35)
and BIP (BLM + IFM + CDDP) (36) regimens has also been
examined. Some regimens have achieved a response rate of
60% or higher; however, these regimens for the non-advanced
and locally advanced stages are quite toxic and shorten the
survival of some patients. In addition, no comparative study
has been conducted, and the evaluation of each regimen has
been insufficient. In the latter half of the 1990s, combination
regimens with new agents were designed, and the need for a
standard therapy was emphasized.

Recently, carboplatin (37-39), topotecan (19,20) and
paclitaxel (40-42) have also been reported to be tolerable and
efficacious. Complete responses have also been observed
with topotecan and paclitaxel. However, topotecan has greater
toxicity than carboplatin or paclitaxel. Therefore, palliation
with single-agent cisplatin, carboplatin, paclitaxel or topotecan
is a reasonable approach in patients with recurrent discase. A
phase II study evaluating the effectiveness of docetaxel in
patients who have persistent or recurrent cervical cancer is
ongoing (GOG-01278S).

Cisplatin-based combination chemotherapy regimens such
as cisplatin/paclitaxel (21) and cisplatin/topotecan (22) have
been extensively investigated in clinical studies. A randomized
phase III study comparing paclitaxel and cisplatin versus
cisplatin alone showed that the two-drug combination yielded
a higher response rate (36 versus 19%) and improved
progression-free survival (4.8 versus 2.8 months; p<0.001),
although no improvement has been seen in median survival
(21). Another randomized phase I GOG study investigated
the combination of cisplatin and topotecan versus cisplatin
alone for persistent/recurrent cervical cancer. In this study of
294 eligible patients, the topotecan combination regimen was
superior to single-agent cisplatin with respect to overall
response rate (27 versus 13%; p=0.004), progression-free
survival (4.6 versus 2.9 months; p=0.014), and median
survival (9.4 versus 6.5 months; p=0.017) (22). A phase II
study assessed cisplatin and gemcitabine in patients with
advanced, persistent/recurrent cervical cancer; 17 patients
were evaluated (43). The response rate was 57% in patients
who had not previously received radiotherapy, and there was
| complete response of 14 months. Paclitaxel and carboplatin
have recently been assessed for recurrent or persistent cancer
of the cervix; 4 of 15 patients had a complete response and
5 showed a partial response for an overall response rate of
60% (39). The median survival of all 15 patients treated
was 17 months (range, 4-39 months). The combination of
vinorelbine and cisplatin has also been assessed in 42 patients
with recurrent or metastatic cervical cancer; the overall
response rate was 48% (44). The GOG is currently conducting
a phase III trial (GOG204) to assess 4 cisplatin-doublet

regimens in patients with advanced metastatic or recurrent
cancer (cisplatin/paclitaxel, cisplatin/topotecan, cisplatin/
gemcitabine, versus cisiplatin/vinorelbine).

In our hospital, we conducted an in-house clinical study.
For eligible patients, paclitaxel/carboplatin or irinitecan/
carboplatin therapy was administered. Adverse effects were
within the permissible ranges, and there were no treatment-
related deaths, as reported in other studies. Response rate as
an end-point was also similar to or exceeded that previously
reported, suggesting the usefulness of these treatment options
in chemotherapy for cervical carcinoma. In patients with poor
PS, weekly paclitaxel/carboplatin therapy was safe. Several
reports have indicated that the hematological toxicity of this
therapy is lower than that of tri-weekly therapy, and that the
therapeutic effects of these two regimens are similar (45 46).
Weekly paclitaxel/carboplatin therapy may be useful for
treating stage I'Vb cancer patients with poor PS.

In patient with this stage of cancer, nephropathy is frequent,
making cisplatin administration difficult in many cases.
Carboplatin can be administered to patients with nephro-
pathy, without hydration. Considering the adverse effects,
less toxic agents should be reviewed.

In this study, two patients treated by chemotherapy alone
as an initial treatment have survived disease-free for 51.8 and
68.6 months, respectively. For patients with recurrence who
desired sequential treatment, chemotherapy was adminis-
tered when we considered them eligible. Considering that
the prognosis was significantly better than that in the non-
chemotherapy group, chemotherapeutic intervention may be
useful in stage IVb patients who have undergone initial treat-
ment and in those with persistent/recurrent metastases.

Eligible, consenting patients should be enrolled in clinical
trials employing new drugs and/or strategies. Since there is
as yet no evidence for the curative potential of chemotherapy
in cervical cancer and no established survival benefit, and
uncertainty exists as to how often response translates into
symptom relief (*palliation’), non-protocol therapy should not
be encouraged. Nevertheless, for a patient who is ineligible
or unwilling to participate in a study but who wants treatment,
there may still be an indication for chemotherapy giving
‘psychological support’ or hope. When such a patient insists
on treatment and seeks untested remedies rather than a
hospice if orthodox chemotherapy is not offered, single-agent
cisplatin or carboplatin may be justified, with due attention
being paid to contraindications and the toxic side effects. An
interval response assessment and finite period of treatment are
indicated. Objective benefit is possible, but not likely.

Prognostic factors for stage IVb cervical carcinoma include
PS, age, histological type, main organ metastases, and distant
metastases (23-29). In this study, univariate and multivariate
analysis revealed that non-chemotherapy and poor PS
influenced prognosis. In patients with poor PS, it is difficult
to continue treatment, and chemotherapy may exceed cancer
control due to systemic disease. However, we can not conclude
the efficacy of chemotherapeutic intervention, as this study
was a retrospective study and involved only a small number
of patients. Previously, surgery and radiotherapy have been
selected for this stage of cancer. The results of chemotherapy
for initial treatment were similar to those for conventional
treatment, suggesting the efficacy of chemotherapy as initial
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treatment. However, a randomized comparative study should
be conducted to demonstrate its efficacy,

In conclusion, the prognosis of stage IVb cervical

carcinoma remains poor. Chemotherapy may improve the
survival of patients with stage IVb CC.
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Purpose: To clarify the imaging characteristics of carcino-
sarcomas, which are the most common malignant mixed
epithelial and mesenchymal tumors (MEMTs) of the uterus.

cinosarcomas, including the size, growth pattern, signal
intensity, contrast enhancement, and extrauterine spread
in each case.

Results: The maximum tumor diameter was 11-165 mm
(mean 88 mm). Nine cases (53%] showed exophytic with a
stalk and eight cases (47%) showed broad-based exophytic
growth. None of them showed Invasive growth. Fourteen
cases (82%) were {sointense and three cases (18%) were
hyperintense (o myometrium on TIl-weighted images
(T1WI). An extremely high intensity area suggesting intra-
tumoral hemorrhage was seen in only two cases. In 15
cases (88%), more than half of the tumor showed higher
signal intensity than the outer myometrium on T2WI1. Eight
of the 16 cases (50%) had an unenhanced area, whereas 13
cases (81%) had a strongly enhanced area. Extrauterine
extension was observed in only two cases [12%) at initial
presentation.

Conclusion: Uterine carcinosarcomas reveal a spectrum of
imaging findings with a high signal on T2WI, with a pro-
longed intense enhancement being the most common tm-
aging feature,
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CARCINOSARCOMAS are the most common subtype of
malignant mixed epithelial and mesenchymal tumors
IMEMTS) of the uterine corpus (1). These tumors are
still classified as "mixed” by convention, although there
is increasing evidence that they are subsets of endome-
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trial carcinoma (1). Various imaging characteristics of
carcinosarcomas have been reported (2-7). Some inves-
tigators have reported them as a large endometrial
mass deeply invading the myometrium (2.8). others
have reported a clearly demarcated exophytic mass
(6.7). The purpose of the present study was to clarify the
imaging characteristics of carcinosarcomas. This is the
largest series concerning the imaging characteristics of
this tumor reported to date.

MATERIALS AND METHODS

From 1994 to 2005 we experienced 17 cases with
pzllh(}!()git;ally proven carcinosarcomas. The patients
were from 21 to 80 years old (mean age 63 years old).
Magnetic resonance (MR} examinations were per-
formed with 1.5 T superconducting units (Signa, GE
Medical Systems, Milwaukee, W1, and Gyroscan. Best,
The Netherlands). Images were obtained with a phased
array body coil in all but one case. in which a body coil
was used. Butyl scopolamine (Buscopan, Boehringer
Ingelheim, Ingelheim am Rhein, Germany) was given
intramuscularly just before the examination to reduce
bowel peristalsis in all cases. Sagittal T1- and T2-
weighted images (TIWI, T2WI) and additional axial
T2WI1 were obtained in all cases. Contrast enhancement
was also performed with intravenous administration ol
5 mmol of gadopentetate dimeglumine (Magnevist,
Schering, Berlin, Germany) in all but one case. The field
of view was 28 cm in all cases; however, other scan
parameters varied because the study was conducted for
more than 10 years. All TIWI were obtained with a spin
echo sequence (TR/TE = 340-545/11-20 msec, 4-10
mm slice thickness with 0.4-2 mm intersection gap.
2-4 excitations). All but one T2WI was obtained with
fast spin echo (TR/TE = 1800/100 msec, 16 echo train
length, 4-10 mm slice thickness with 0.4-2 mm inter-
section gap, 2 excitations) and T2WI in one case was
obtained with conventional spin echo (TR/TE
2000/90 msec, 5 mm slice thickness with 2 mm inter-
section gap, 2 excitations). After administration of con-
trast materials, conventional TIW] were obtained in
seven cases and fat-saturated TIWI (spectral presatu-
ralion inversion recovery, TR/TE = 425-650/10-12
msec, slice thickness and Intersection gap were the
same as T1WI before contrast administration in each
case, with 2-3 excitations) in nine cases. MR examina-
tions were retrospectively reviewed by two of the au-
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thors with consensus. We studied the size, growth pat-
tern, signal intensity on TIWI, T2WI, contrast
enhancement, and extrauterine extension in each case.
The tumor size was calculated as the maximum diam-
eter of the tumors. The tumor growth pattern was clas-
sified into three types: exophytic with a stalk, broad-
based exophytic, and invasive. The tumor was classified
as exophytic with a stalk when it grew into the endo-
metrial cavity with sessile pedicle and as broad-based
exophytic when it grew filling the endometrial cavity
with a broad base to the uterine inner wall. Masses with
deep myometrial invasion replacing the uterine archi-
tecture were classified as invasive. Signal intensities on
T1- and T2WI were classified into high, intermediate,
and low intensity compared with the signal intensity to
those of the outer myometrium. The existence of an
extremely high signal intensity area on T1WI, which
indicates intratumoral hemorrhage, was also evaluated
in each case. As the signal intensity on T2WI was het-
crogeneous in most cases, we classified it into five
groups by the percentage of the hyperintense area:
none, less than 25%, 25%-50%, 50%-75%, and more
than 75%. Contrast enhancement was seen In parts of
all tumors. We evaluated the existence of unenhanced
areas, which could indicate necrosis. We also evaluated
the existence of the strongly enhanced areas, which
showed hyperintensity compared to the outer myome-
trium on the contrast-enhanced T1WI obtained at the
equilibrium phase. Lymph node metastases were con-
sidered positive when there were lymph nodes more
than 10 mm in maximum diameter. We considered ad-
nexal masses and any signs of intraperitoneal dissem-
ination such as massive ascites or Intraperitoneal
masses as extrauterine extension.

RESULTS

Clinical and Histopathological Features of the
Cases

The histopathological diagnosis, which was confirmed
by hysterectomy specimen, was homologous subtype in
four, heterologous subtype in ten, and three were not
classified. Patients presented vaginal bleeding in 16
cases, lower abdominal pain in three cases, anemia in
two cases, and asymptomatic (incidentally found at
routine check up for cholecystolithiasis on transab-
dominal ultrasound) in one case. Postoperative staging
along with the classification established by the Interna-
tional Federation of Gynecology and Obstetrics (FIGO)
(9) was la In two cases, Ib in six cases, lc in six cases,
Illa in one case, and IVb in two cases. Two of the sev-
enteen cases had no myometrial invasion, six showed
superficial, and nine showed deep myometrial invasion.
The clinical outcome reviewed by medical record was
disease-free survival in nine cases, alive with recur-
rence in one case, death in three cases, and four cases
were lost to the study. The clinical background of the
cases is summarized in Table 1.

MR Findings of the Cases

The MR findings of each case are summarized in Tables
I and 2. The maximum tumor diameter was 11-165
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mm (mean 83 mm). Nine cases (53%) showed exophytic
with a stalk (Fig. 1) and eight cases (47%) showed
broad-based exophytic growth (Fig. 2). None of the
cases showed Invasive growth. Three tumors showed
higher signal intensity and isointensity to the myome-
trium in 14 cases on TIWIL An extremely high intensity
area suggesting intratumoral hemorrhage was seen in
only two cases. In most cases the signal intensity of the
T2WI was predominantly high; the whole tumor showel
high intensity in five cases, more than 75% in 10 cases,
50%-75% in no cases, 25%-50% in 2 cases, less than
25% in no cases. Therefore, more than half of the tu-
mors showed higher signal intensity than the outer
myometrium on T2ZWl in 15 of the 17 cases (88%). Eight
of the 16 cases with contrast enhancement (50%) had
an unenhanced area and 13 of the 16 cases had a
strongly enhanced area (81%). Extrauterine extension
was observed in only two cases (12%) at presentation:
ovarian metastasis in one case and peritoneal dissem-
ination in two cases. In one case with both adnexal and
intraperitoneal extension, multiple lung metastases
were depicted by plain chest radiography.

DISCUSSION

Uterine sarcomas include endometrial stromal sar-
coma, leiomyosarcoma, and malignant MEMTs. The
former two are composed of purely nonepithelial com-
ponents and the latter are composed of an epithelial
and a mesenchymal component. MEMTs are classified
as [ollows: adenofibromas and adenomyomas as the
benign group, and adenosarcomas, carcinosarcomas.
and carcinofibromas as the malignant group (1,10,11).
They are also classified as homologous or heterologous
depending on the mesenchymal element present. Ho-
mologous tumors only contain mesenchymal elements,
which are normally seen in the uterus, whereas heter-
ologous tumors include some mesenchymal tissues
that are not usually seen in the uterus (11). Carcino-
sarcomas are the most common malignant MEMTs and
they were formerly called malignant Muellerian mixed
tumor or malignant mesodermal mixed tumor. How-
ever, recent immunohistochemical, ultrastructural,
and molecular studies have all suggested that carcino-
sarcomas are really metaplastic carcinomas in which
the mesenchymal component retains at least some ep-
ithelial features in the vast majority of cases. Therefore,
some researchers maintain that carcinosarcomas are
better classified as a special type of endometrial carci-
noma (1). In the current classification, carcinosarco-
mas are the most common sarcoma aflecting the uter-
ine corpus, which alfects 1.8 white and 4.3 black
women per 100,000 in the US population older than 35
years of age (12). Their incidence increases with age
{1.11). It represents less than 2% of all uterine tumors
(11). Their most common presentation is vaginal bleed-
ing followed by abdominal mass or lower abdominal
pain (1). Tumors after pelvic irradiation or long-term
tamoxifen therapy have also been reported (1). The clin-
ical course of uterine carcinosarcomas Is aggressive,
with poor overall prognosis (13). In our series, only two
of the 17 cases showed extrauterine spread at initial
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MR of Ulerine Carcinosarcoma

Table 2
Summary of the Imaging Findings of the Cases

Mean tumor diameter

88mm

Growth pattern

Signal intensity on T1WI
HEI’T’IQI’fhﬂ.gL‘

Signal intensity on T2wW|
Pockel like unenhanced area
Strongly enhanced area
Extrauterine spread

3 High

Sean in 2 cases
15 High dominant
Seen in 8 case
Seen in 13 cases
Seen in 2 cases

9 Exophytic with a stalk

8 Broad-based exophytic
14 Iso

Not seen in 15

2 Low dominant

Not seen in B

Not seen in 3

Not seen in 15

0 Invasive
0 Low

presentation: however, two cases with stage | disease
died of the tumor after initial treatment,

Both benign and malignant MEMTSs share some com-
mon clinical and pathological features such as the mac-
roscopic findings of the tumors, which usually appear
as solitary polypold gray-tan masses projecting into the
endometrial cavity (10).

Some MR characteristics ol carcinosarcomas have
been reported. Worthington et al (8] first described the
MR lindings of four cases of carcinosarcoma as large

tumors with inhomogeneously low intensity on T1WI
and a heterogeneous appearance on T2WI. In thelir re-
port, three of the four tumors were demonstrated as
large masses replacing the normal uterine architecture.
Shapeero and Hricak (2) reported a large endometrial
mass deeply invading the myometrium, with metasta-

ses as a characteristic of carcinosarcomas, which could
not be differentiated from invasive endometrial carci-
noma. On the other hand, Sahdev el al (6) reported that

Figure 1, Seventy-three-year-old-woman with vaginal bleeding. Sagittal T2-weighted image (a) (TR/TE

four of the five tumors showed exophytic endometrial
mass and Ohguri et al (7) also reported them as sharply
demarcated expanding masses. In our study, all tu-
mors were large and exophytic with or without a stalk in
the endometrial cavity. None of our cases showed en-
dophytic growth replacing the ulerine architecture
These facts indicate that the older reports tend to de
scribe MR characteristics of the carcinosarcomas as
invasive masses. We atiribute this (o the poor spatial
resolution of the MR images at the time of acquisition.
As the uterine zonal anatomy was indistinet in older
equipment, the border between the tumor and the myo-
metrium might become indistinel. Another reason lor
the difference in imaging features between older reports
and ours Is due to the clinical stage of the diseases.
Eight ol 17 cases of our series were in stage la or b, in
which the tumor did not show deep myometrial inva-
sion. Deep myometrial invasion was seen in larger tu-
mors in our series: therefore, we consider that carcino-

1800/ 100; echo train

length, 16; field of view, 280 mim; matrix, 256 x 256; section thickness, 4 mm: gap. 0.4 mm: two signals acquired] demonstrates
a tumor growing exophytically with a stalk within the endometrial cavity (arrows). It is homogeneously hyperintense on the
T2-weighted image (A) and {sointense to the myometrium on the T1-weighted tmage (b) [TR/TE = 454/13: field of view, 280 mm:
matrix, 256 » 192; section thickness, 4 mm: gap. 0.4 mm: two signals acquired). The tumor shows homogeneous enhancement
stronger than the outer myometrium (arrows) on the sagittal fat-saturated and contrast-enhanced T1-weighted image (c)
(575/11; field of view, 280 mun; matrix, 256 192; section thickness, 4 mm; gap, 0.4 mm: two signals acquired]. The
macroscopic view of the resected specimen demonstrates a large exophytic mass drooping from the uterine fundus (d, arrow
head). Histological specimen (e) (hematoxylin/eosin stain, high-power field) reveals both endometrioid adenocarcinoma and
variable types of sarcoma including endometrial stromal sarcoma, leiomyosarcoma, and osteosarcoma within the same speci
men. The histopathological diagnosis is carcinosarcoma, heterologous subtype
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Figure 2. Seventy-one-yvear-old-woman with enlarged uterus
recognized on transabdominal ultrasound for routine check-up
for known cholecystolithiasis. Sagittal T2-weight image (a)
{1800/ 100; echo train length, 16: field of view, 280 mm: matrix,
256 » 256; section thickness, 5 mm: gap. 0.5 mm: two signals
acquired) demonstrates a large broad-based exophytic tumor
with high signal intensity. It is isointense to the myometrium on
the T1-weighted image (b) (545/20; field of view, 280 mm:; matrix,
256 x 192; section thickness, 5 nun; gap. 0.5 mum; two signals
acquired). The tumor shows heterogeneous enhancement partly
stronger than the outer myometrium (arrows] on the sagittal
fat-saturated and contrast-enhanced Tl-weighted image (c)
(525/11; field of view, 280 mm: malrix. 256 x 192; section
thickness, 5 mm: gap, 0.5 mm; two signals acquired). The his-
topathological diagnosis is carcinosarcoma. heterologous sub-
type.

sarcomas initially appear as well-demarcated exophytic
masses in the endometrial cavity.

A well-demarcated exophytic mass raises the possi-
bility of submucosal lelomyoma on MR images (14).
However. uterine leiomyomas typically show homoge-
neous low intensity on T2WI1 (15), which differs from the
carcinosarcomas in our series. In this series, they
showed a heterogeneous signal and more than half
showed a higher signal intensity than the outer myo-
metrium in 15 of 17 cases. On the other hand, uterine
leiomyomas can also show heterogeneous signal inten-
sity due to various types of degeneration (16). There-
fore, it seems diflicult to distinguish carcinosarcomas
from lelomyomas when the masses show heteroge-
neous signal on T2WI.

Worthington et al (8) reported that carcinosarcomas
include areas ol medium to high signal intensity on
T1WI corresponding to hemorrhage and necrosis. Sah-
dev et al [6) placed importance on necrosis demonstrat-
ing as pockets of high signal intensity on T2WI as a
sign of uterine sarcomas, They reported that smaller
carcinosarcomas showed endometrial masses that can-
not be distinguished from endometrial carcinomas,
whereas the larger ones were similar to leiomyosarco-
mas because of the necrosis. It has been reported that
hemorrhagic necrosis Is commonly seen in uterine
leiomyosarcomas (17). In our series, only 8 of the 16
cases with contrast study included an unenhanced
area suggesting necrosls and 4 of the 17 cases had an
extremely high intensity area suggesting hemorrhage
on TIWL In addition, only two ol the eight tumors
smaller than 8 cm in maximum diameter included an
unenhanced area. Therefore, hemorrhagic necrosis
seems to Indicate uterine sarcomas making larger
masses, although it appears not to be so common in
carcinosarcomas as in lelomyosarcomas. This might be

Tanaka et al

due to that carcinosarcomas are really endometrial le-
sions, which are different from other sarcomatous le-
sions originating from the myometrium.

Ohguri et al (7) reported that all four carcinosarco
mas showed areas of early and persistent marked
enhancement similar to that of the myometrium.
Yamashita et al (3) also reported that the degree of
contrast enhancement differed between carcinomatous
and sarcomatous components. As endometrial car-
cinoma is enhanced homogeneously weaker than
the myometrium in general (18), they reported that
different patterns of contrast enhancement within
anendometrial tumor may raise the possibility of carcino-
sarcomas. They reported that the carcinomatous com-
ponent was more strongly enhanced than the sarcoma-
tous component (3); however, Takemori et al (4)
reported contrary results. Therefore, different patterns
ol enhancement within an endometrial mass may rep-
resent an admixture of different histopathological com-
ponents. However, whether a strongly enhanced area
corresponds to the epithelial or mesenchymal compo-
nent is unknown. We tried to clarify the relationship
between the histopathologlcal diagnosis and the degree
of enhancement. However, we could not identify the
exact location of the strongly enhanced area within the
resected uterine specimens. The tumors tended to ro
tate before microscopic examination because the ante-
rior wall of the uterine bodies was usually cut before
fixation.

Endometrial carcinomas should be differentiated
from carcinosarcomas because their prognosis and
treatment strategy differ slightly (13). Endometrial car-
cinomas are divided into two types: one shows a well-
demarcated exophytic mass (Type I} and the other
shows Invasive endophytic growth toward the myome-
trium (Type 11). The former subtype is considered to be
malignancy with favorable prognosis (19). In our study.
all of the carcinosarcomas showed well-demarcated ex-
ophytic masses similar to Type | endometrial carcino-
mas. Endometrial tumors are usually diagnosed by en-
dometrial curettage, histopathologically. Nevertheless,
histological findings are sometimes misleading. as the
biphasic nature may occasionally not be apparent until
the entire tumor is studied. As mentioned above, endo
metrial carcinoma was reported to show weaker en-
hancement in the delayed phase of contrast MR (18.20).
On the other hand, more than 80% ol our carcinosar-
comas had parts of strong enhancement. Therefore, a
strongly enhanced area within the exophytic uterine
tumor may suggest the possibility of carcinosarcomas
when diagnosing a malignant endometrial tumor

Endometrial polyps is a common pathology that exo-
phytically occupies the endometrial cavity. Imaoka et al
(21) and Park et al (20) reported that benign endome-
trial polyps showed higher signal intensity than the
surrounding myometrium in a contrast-enhanced
study. Then. endometrial polyps can show the polypoid
lesions with an admixture of high and low signal inten-
sity on contrast-enhanced study. However. endometrial
polyps are characterized by a central fibrous core with
low signal intensity and intratumoral cysts with high
signal intensity on T2WI (22). Therefore, we consider
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that endometrial polyps can be distinguished from car-
cinosarcomas before contrast enhancement.

In conclusion, uterine carcinosarcomas showed large
exophytic hyperintense masses on T2-weighted MR im-
ages, which are slightly different from MR features of
other uterine sarcomas. It might be partly due to the
fact that they are really endometrial in origin (1). These
exophytic features tend to lead to the possibility of Type
| endometrial carcinoma. However, carcinosarcomas
have a poorer prognosis than those of Type I endome-
trial carcinomas. Therefore, radiologists should be
aware that strongly enhanced areas within the exo-
phytic endometrial lesion suggests the possibility of
carcinosarcomas,
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Abstract

Purpose. We compared the radioresponse of cervical car-
cinoma that was closely related to local disease control
by the tumor regression rate (RR) during intracavitary
radiotherapy (ICRT) and external beam radiotherapy
(EBRT) on the presumption that ICRT has a stronger
treatment impact than EBRT because of its specific dose
distribution.

Materials andmethods. A total of 37 patients were treated
by EBRT at 45.0 Gy over 5 weeks, followed by high-
dose-rate ICRT at 6.0 Gy per weekly insertion at point
A three to five umes and by boost EBRT. RR was
defined as the slope (day™') of the tumor-volume shrink-
age curve fit to an exponential regression equation.
Assuming that the tumors were ellipsoid. the tumor
volume was estimated using magnetic resonance (MR)
images obtained before treatment. after 45.0 Gy of
EBRT, and after the third ICRT insertion. RRs were
compared based on the radiotherapy method.
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Results. RR ranged between —0.008 to 0.093 day™
(median 0.021 day™') during EBRT and -0.001 to
0.097 day™' (median 0.018 day ') during ICRT. showing
no significant difference or correlation between
treatments.

Conclusion. Contrary to expectations, RR did not
directly relate to the impact of physical treatment. RR
could be related to biological factors, such as the amount
of tumor clearance and changes in tumor consistency
during treatment.

Key words Cervical cancer - Radioresponse - Tumor
clearance - Minimum target dose - Tumor geometry

Introduction

Radiotherapy (RT) remains a mainstay of the locore-
gional treatment of invasive uterine cervical cancer. It
normally consists of a combination of two methods:
external beam radiotherapy (EBRT) and intracavitary
radiotherapy (ICRT). Concurrent use of chemotherapy
(chemoradiotherapy) is believed to enhance the effect of
RT. and use of this combination is now regarded as the
standard treatment strategy for locally advanced cervical
cancer. For RT of cervical cancer, major predictable
prognostic factors include clinical stage, tumor size. and
tumor geometry (exophytic or endophytic).* In addi-
tion, the tumor radioresponse, which comprises tumor
cell radiosensitivity but cannot be predicted before RT.
15 also prognostic of local disease control™ and may be
the most powerful among the factors.” In clinical prac-
tice, residual tumor mass assessed by pelvic examina-
tion™” and more recently by objective magnetic resonance
(MR) imaging"’ 15 often used as a prognostic factor that
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incorporates all these factors, Residual tumor mass 1s.
however, assessed only immediately before or after the
end of RT.

It has been reported that tumor radioresponse, as
assessed by the regression rate (RR), varies widely and
is specific to the individual tumor.'” In that study. tumors
were assumed to regress exponentially with time. and
MR imaging was used to define the RR as the speed of
shrinkage of the tumor volume. Using this definition, it
was hypothesized that if tumors shrink exponentially
throughout the course of RT the RR may prove to be
valuable tool in the early assessment of tumor radiore-
sponse. For example. tumors assessed as not radiore-
sponsive may be evaluated for a change in the treatment
strategy before completing RT. Early-assessed RR (at
3-4 weeks after the start of RT. during EBRT but before
ICRT). however, did not show exact correspondence
with late-assessed RR (6-7 weeks after the start of RT,
during the course of ICRT)."” One reason for this incon-
sistency may be the difference between EBRT and ICRT
regarding their impact on tumors. Because ICRT, with
its charactenstic steep dose falloff. delivers a much
higher dose to the part of the tumor closest to the source,
it should have a stronger impact than EBRT on tumors
and accordingly on the RR.

We conducted a chinical study to compare the radio-
response of cervical cancer to the two RT methods based
on the presumption that RR is higher during ICRT than
EBRT.

Material and methods
Patients

Of 56 consecutive patients with uterine cervical squa-
mous cell carcinoma treated primarily by RT at our
institution between January 2006 and December 2007, a
total of 42 were eligible for the study. Eligibility criteria
included curative treatment under our standard clinical
practice of EBRT and ICRT with or without concurrent
cisplatin chemotherapy and completion of scheduled
MR imaging according to the study protocol. Reasons
for noneligibility among the other 14 patients included
treatment by neoadjuvant chemotherapy before RT (n =
13) and palliative treatment with EBRT without ICRT
(n=1). Of the 42 eligible patients, 5 could not participate
owing to intentionally higher than normal EBRT doses
given before ICRT (n = 2) or difficulty with tumor iden-
tification (n = 2) or measurement (7= 1) on MR images;
however, those with tumor disappearance before ICRT
(n=23) did participate, Thus, 37 patients were eligible for
and participated in the study. Clinical stages based on

the International Federation of Gynecology and Obstet-
rics staging system were IBl (n = 2). lIB (n = 7), I1IB
(n = 26). and IVA (n = 2). Patient ages ranged from 28
1o 88 years (median 38 years)

Treatment

Patients were treated according to our normal RT pro-
tocol, with concurrent use of cisplatin when feasible.
Prior written informed consent for the treatment was
obtained from all patients. The imtial chinical target
volume was determined according to radiological nodal
status, a variable closely associated with disease-free sur-
vival, as assessed by computed tomography (CT)." The
whole pelvis was selected in patients with negative pelvic
and paragortic lymphadenopathy (n=21) and the whole
pelvis and paraaortic nodes were selected in patients
with possible or probable pelvic but negative paraaortic
lymphadenopathy (#n = 16). Patients with possible or
probable paraaortic lymphadenopathy were treated first
by neoadjuvant chemotherapy and were excluded from
the study

Radiotherapy was performed according to  the
American Brachytherapy Society recommendations,”
EBRT was performed using a CT-based conformal four-
field technique with 10-MV X-rays in 1.8-Gy fractions
at the isocenter at five fractions per week. When the total
dose reached 45.0 Gy, EBRT was directed at the para-
metrial extension or lymphadenopathy as a boost, and
ICRT was initiated. ICRT was performed weekly using
a high-dose-rate remote afterloading system with ““Ir. A
Henschke-type tandem-ovoid applicator was normally
used, although a vaginal cylinder was used for patients
with a narrow vagina (7 = 10). The prescribed dose to
reference point A was 6.0 Gy per insertion. Point A was
defined as 2.0 cm cephalic from the external os along a
tandem and 2.0 cm lateral to the tandem. The dose of
boost EBRT and number of ICRTs were determined
ndividually in accordance with the tumor response. The
total EBRT dose ranged from 45.0 10 63.0 Gy (median
54.0 Gy) including the boost dose. and the numbers of
ICRTs performed in individual patients were two (1 =
1), three (n =24}, four (n = 7). or five (1 = 5). The number
of ICRTs was normally three; however. i patient whose
tumor responded completely after EBRT underwent
only two ICRTs. and 12 patients whose tumors were not
considered radioresponsive underwent more than three
ICRTs. The overall treatment time was 44-71 days
(median 54 days). with 9 patients exceeding 8 weeks in
association with four or five ICRTs.

Patients were treated by concurrent chemoradio-
therapy with cisplatin (7 = 22) or by RT alone (n = 15).
Cisplatin was given by single weekly intravenous
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administration at 35 mg/m” starting from the first week
of EBRT and continued for as long as feasible until the
start of ICRT for a total of two (n = 1), three (n = 2),
four (n = 4), five (n = 14), or six (n = 1) times. Those
treated by RT alone were generally older (>70 years.
n=11), declined chemotherapy (n = 2). or had stage IBI
disease (n = 2) or associated liver disease (n = 1),

Tumor measurement and geometry typing

Magnetic resonance imaging was performed with 1.5-
Tesla units. Images were obtained before RT (pre-RT).
after EBRT at 45.0 Gy but before ICRT (pre-ICRT).
and immediately after completion of the third ICRT
application (post-ICRT). Tumors were identified as
high-intensity lesions on T2-weighted images. As a clini-
cal convenience, tumor volume was calculated assuming
an ellipsoild mass by measuring three-dimensional
maximum sizes of a tumor (i.e., lateral and anteroposte-
rior sizes on axial images and the cephalocaudal size on
a sagittal image). Tumors that had disappeared, were
recognized as a remnant only, or remained as a small,
high-intensity “scar” that was difficult to measure were
regarded as 0.1 cm’ in volume.

In addition to the RT method as a physical factor. we
included tumor geometry as a biological factor. Tumor
geometry, a prognostic factor estimable by routine pelvic
examination and MR imaging, was classified according
to pre-RT MR image observations rather than pelvic
examination owing to the ease with which the former
allows estimation of the proportion of exophytic to
endophytic components. Tumors were classified as pre-
dominantly exophytic or predominantly endophytic (or
intermediate when classification into either of the first
two categories was difficult).

Response assessment

Tumor shrinkage curves were estimated by plotting
tumor volumes on a semilogarithmic graph. with the
start of RT set as day 0. RR was defined as the slope of
the curve (day™') by fitting to an exponential regression
equation, RR during EBRT was determined from the
pre-RT and pre-ICRT volumes; and the RR during
ICRT was determined from the pre-ICRT and post-
ICRT volumes.

Statistical analysis

Comparison of e¢ach tumor’s RR during EBRT and
ICRT was done using the paired r-test. and correlation
was analyzed by regression analysis. Differences in RR
according to geometry type were tested using the Munn-

Radiat Med (2008) 26:526-332

Whitney U-test. StatView 3.0 (SAS Institute. Cary, NC.
USA) was used for all analyses. P < 0.05 was considered
statistcally significant.

Results

To determine tumor volumes, MR images were obtained
3-32 days before RT (n = 37, median 17 days), 29-39
days after the start of EBRT but before 1CRT (n = 37;
median 34 days), and 46-63 days after the start of EBRT
immediately after the third ICRT insertion (n = 34:
median 55 days). Pre-RT volumes ranged from 1.3 to
88.2¢m’ (median 23.7 em'): post-EBRT volumes from
0.1 to 56.7cm’ (median 4.3 cm'), including three com-
plete responders: and post-ICRT volumes from 0.1 to
26.4 em’ (median 0.8 ¢m’), including another seven com-
plete responders, Ten tumors had thus achieved a com-
plete response after the third ICRT insertion (Fig. 1).
The RR ranged from =0.0083 to 0.0934 day ' (n =37
median 0.0205 day™) during EBRT and from 00113 to
0.0967 day™' (n = 34; median 0,018 day ') during ICRT:
there was no significant difference between them (P =
0.3692) (Fig. 2). RR showed no significant correlation
between the two treatments (n = 34) (R =-0.104, P =
0.8323) (Fig. 3). However. a strong correlation was seen
between post-ICRT and post-EBRT volumes (i1 = 34)
(R=0.925 P<0.0001)(Fig. 4), whereas pre-RT volumes
showed a weak correlation with post-EBRT volumes (n
=37)(R=0.378. P=0,0203) or no significant correlation
with post-ICRT volumes (n=34) (R=0.313, P=0.0712).

Tumor volume (cmd)

0 2 40 60
Days after RT initiation

Fig. 1. Tumor shnnkage curves determuned from tumor volumes
before rudiotherapy (day 0), premtracavitary radiothernpy after
pelvic external beam radiotherapy (45.0 Gy), and postintracavi-
tary radiotherapy following the third insermon. RT. radiotherapy
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Fig. 2. Box plots of the tumor regression rate (RR) during external
beam radiotherapy (EBRT) and intracavitary radiotherapy (JCRT)
(P = 0.3692). The box indicates the range of the 25th and 75th
percentiles with the median value. and the bars indicate the 10th
and 9th percentiles
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Fig. 3. Tumor regression rate (RR) with external beam radiother-
apy (EBRT) versus that with intrucavitary radiotherapy (ICRT)
in=34) P=08321

No significant correlation was seen between pre-RT
volumes and RR during EBRT (n = 37) (R = 0.317.
P =0.0556).

Tumor geometry was classified as exophytic (n = 7).
endophytic (n = 19). or intermediate (n = 11), Pre-RT
volumes were 1.3-74.4 cm’ (median 13.8cm’) in the
exophytic group. 3.4-77.8 cm’' (median 23.7 cm’) in the
endophytic group, and 5.4-88.2cm’ (median 26.8 ¢cm")
in the intermediate group, with no significant difference
between the exophytic and endophytic types (P =0.5171).
The RR during EBRT did not significantly differ among
the exophytic (range 0.0172-0.0465 day ', median 0.0223
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Fig. 4. Relation of the tumor volume after pelvic external beam
radiotherapy (posi-EBRT volume) to that after the thard intracavi-

tary rmadiotherapy insertion (pesi-ICRT wvolume) (n = 3d)
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Fig. 5. Box plots of the tumor regression rate with external beamn
radiotherapy (RR-EBRT) according to tumor geometry (exo-
phytic. endophytic, intermediate). The dox indicates the range of
the 25th and 75th percentiles with the median value, and the hary
indicate the 10th and 90th percentiles

day™), endophytic (range —0.0083 to 0.0934 day .
median 0.0174 day '), and intermediate (range, 0.0034-
0.0676 day™', median 0.0195 day™') groups (Fig. 5). Fur-
thermore, the RR during ICRT did not differ significantly
among the tumor types.

Discussion
Our presumption that RR is significantly higher during

ICRT than during EBRT was based on two major
hypotheses: (1) The treatment impact is physically
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greater with ICRT than with EBRT; and (2) RR is pro-
portional to the treatment impact. The first hypothesis
is based on the physical facts that ICRT delivers
extremely high doses of more than several tens of Gray
units to parts of a tumor close to the source, and that
the smaller the tumor the higher the dose delivered to
the part of a tumor distant to the source (minimum
target dose). The treatment impact would thus be
higher with ICRT than with EBRT, particularly in
small tumors, although the treatment fractionation
differs between the RT methods. In addition, the
minimum target dose increases with ICRT in accordance
with tumor shrinkage. whereas it is constant with EBRT
irrespective of tumor size. The second hypothesis is
based simply on the biological basis that the higher the
impact, the greater the rate of tumor cell death, which
directly relates to the RR. Another hypothesis of the
exponential shrinkage of tumors was based on the find-
ings of Gong et al., whose meticulous weekly MR mea-
surement of cervical tumor volume over 5 weeks
identified exponential shrinkage during EBRT."

Contrary to our expectations, however, the study did
not show that RR was significantly higher during [CRT
than EBRT. Indeed. the RR was lower duning ICRT
than EBRT in || of 34 tumors (32.4%) (Fig. 3). In addi-
tion, RR did not significantly correlate with the tumor
geometry. which is considered a significant prognostica-
tor of tumor response. These inconsistent resufts could
be due in part to error-causing factors such as the
approximate tumor-volume estimation made on the
assumption that tumors are ellipsoid," the inconsistent
period of time between the pre-RT MR imaging and the
initiation of RT, and protraction of the EBRT effect on
RR dunng ICRT. In addition to these error-causing
factors, biological factors that concern RR could partici-
pate in the process of tumor shrinkage.

A hypothetical mechanism of tumor clearance may be
a biological factor that accounts for the difference.
Tumor clearance involves two mechanisms: biological
clearance (phagocytic scavenging) and mechanical clear-
ance (exfoliation).” Clearance of tumors located .on an
outer tissue surface (e.g.. esophageal and pharyngeal
tumors) involves the participation of both mechanisms.
For tumors surrounded by normal tissue, on the other
hand (e.g., metastatic lymph nodes and pancreatic
tumors), mechanical clearance is blocked by surround-
ing tissues, leaving biological clearance as the only
mechanism involved. Cervical cancer involves both
mechanisms, but mechanical clearance is less efficient for
endophytic than exophytic tumors. Endophytic infiltrat-
ing tumors are largely surrounded by normal cervical
stroma or parametria, whereas exophytic tumors are
largely exposed to the vaginal cavity. However, the pro-

portion of exophytic and endophytic components in cer-
vical tumors varies: and in any case tumors are difficult
to classify under this simple classification.

As a further complication, the activity of each clear-
ance mechanism is difficult to predict. Mechanical clear-
ance may occur unpredictably with time. Tumor volume
reduction may occur even before treatment (e.g.. via
tumor ulceration caused by spontaneous disruption to
the integrity of the tumor stroma). Biological clearance
may be hampered by radiation-induced damage to the
integrity of surrounding normal tissues. which could
preferentially occur during the late period of RT (ie..
ICRT). In addition to these tumor clearance mecha-
nisms, many other biological factors are likely to be
closely involved in tumor response (¢.g.. intrinsic tumor
cell radiosensitivity" and oxygen status'), Tumor char-
acteristics identified on MR imaging should be altered
by RT: in other words. tumors after RT are qualitatively
different from those before RT. The physical impact of
treatment does not directly account for tumor response,
which is assessed only quantitatively. Moreover. the
aggregate impact of these multiple biological factors are
difficult to estimate individually. and their individual
impact during RT may be inconsistent. Positron emis-
sion tomography with ""F-fluorodeoxyglucose may
be useful in the qualitative assessment of tumor
response.'’

Bulky endophytic tumors that often leave a residual
mass are generally managed by intensifying the treat-
ment. This is done by either adjuvant hysterectomy or
increasing the ICRT dose. Palev et al. identified residual
tumor cells in 61% of stage IB-11B cervical cancers hys-
terectomized because of a residual tumor mass after
treatment by EBRT and low-dose-rate ICTR." They
used low doses. indicating the possibility of adjuvant
surgery when necessary. Consequently, residual tumor
cells were subsequently identified in 78% of patients
receiving target doses that were less than the mean dose
at point A (79.7 Gy), but in only 47% of those receiving
higher target doses. Moreover, hysterectomy after RT 1s
reported to heighten the incidence of complications.®
Eifel et al. reported that the treatment of patients with
stage IB-1IB bulky endophytic tumors using EBRT and
low-dose-rate ICTR resulted in a significantly higher 5-
year local recurrence rate in patients receiving low doses
(33%) than in those receiving high doses (16%). but there
was no significant difference in the 5-year rate of major
complications (23% and 10%, respectively).”' Delivery of
low doses that were nevertheless sufficient to preclude
the possibility of adjuvant surgery resulted fromrestricted
dose delivery due to unfavorable (narrow) vaginal
anatomy or from historical institutional differences in
prescription of the ICRT dose.
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