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antigen 19-9 (CA19-9) level; and sequence of treat-
ments. Contrast-enhanced CT was performed before
starting every two cycles of primary chemotherapy, be-
fore and at the end of CRT, and every 2 months after
CRT. Objective tumor response was evaluated radio-
logically according to the Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1 [18]. CA19-9 was
continuously measured once per month. Toxicities were
prospectively recorded at each patient’s visit using the
Common Terminology Criteria for Adverse Events
(CTCAE) version 3.0. The highest grades of toxicity
observed during CRT and after CRT were recorded.

Statistical analysis

Overall survival from the start of primary chemotherapy
and salvage CRT was estimated using the Kaplan-Meier
method. Times to progression at the primary tumor site
or distant sites were also calculated. Progression was
defined as confirmation of progressive disease on CT
images using the RECIST criteria. For univariate and
multivariate analysis, all of the variables were dichoto-
mized according to clinical relevance based on the previ-
ous literature. Univariate analyses were performed using
the log-rank test. A Cox’s proportional hazards model
was developed to identify significant factors influencing
survival after CRT. Possible confounded variables were
excluded from multivariate analysis. All of the tests of
hypotheses were conducted at an alpha level of 0.05 with
a 95% confidence interval (CI). All of the statistical ana-
lyses were performed using SPSS Statistics version 17.0
(SAS Institute, Tokyo, Japan).

Results

Patient characteristics

Thirty patients with LAPC received primary chemother-
apy and salvage CRT. The patient characteristics are
summarized in [Table 1]. For first-line chemotherapy, all
of the patients received GEM-based chemotherapy.
GEM-based chemotherapy included GEM alone in 24
patients (80%) and GEM-based combination chemother-
apy in six patients (20%).

Sequel of first-line chemotherapy

The median number of cycles of GEM in 24 patients
who received GEM monotherapy was six (range, 1-41).
Best tumor response assessed radiologically and best
CA19-9 response to first-line chemotherapy are sum-
marized in Table 2. A partial response (PR) was achieved
in nine patients, with a response rate of 30%. Among 24
patients whose baseline serum CA19-9 level was >100
U/ml, the median CA19-9 level decreased from 1151 U/
ml at baseline to 159 U/ml at minimum during first-line
chemotherapy. In these patients, the CA19-9 level
decreased by 2 50% in 21 patients (88%); the median
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Table 2 Best response to primary chemotherapy

Tumor response No. of patients % patients

Radiological response

Partial response 9 30

Stable disease 19 63

Progressive disease 2 7
CA19-9 response (base line CA19-9 > 100 U/ml)

2 50% decrease 21 88

< 50% decrease 1 4

Increase 2 8

time to reach the minimum CA19-9 level was 4.0 (range,
1.8-13.0) months. After failure of first-line GEM-based
chemotherapy, seven patients (23%) proceeded to
second-line chemotherapy with S-1 alone. The median
duration of continuing second-line chemotherapy was
3.0 months.

Eventually, 26 patients (87%) discontinued primary
chemotherapy because of local tumor progression,
whereas four patients (13%) discontinued chemotherapy
because of interstitial pneumonitis caused by GEM. The
reasons for discontinuation of the primary chemother-
apy are summarized in Table 3.

Sequence of salvage CRT

Thirty patients started salvage CRT after the failure of
the primary chemotherapy. The median time between
the start of the primary chemotherapy and the start of
CRT was 7.9 (range, 3.0-37.3) months. All of the patients
completed the course of radiotherapy without major
interruption. The median duration of CRT was 42
(range, 38-45) days. Administration of the combined
chemotherapeutic agents involved protracted infusion of
5-FU in 14 patients (47%) and oral S-1 in 16 patients
(53%). Toxicities during and after CRT are listed in
Table 4. Hematological toxicity was relatively mild and
there was no grade 4 toxicity. The most frequent grade 3
hematological toxicity was leucopenia. Grades 3 and 4

Table 3 The reasons for discontinued primary
chemotherapy

Reason No. of patients % patients

Presence of any types of primary disease progression (n = 26)

Enlargement of tumor 14 47

Elevation of tumor marker 7 23

Carcinomatous pain 5 17

Obstructive jaundice 5 17

Duodenal hemorrhage 2 7
Absence of disease progression (n = 4)

Interstitial pneumonia 4 13
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Table 4 Toxicity during and after salvage chemoradiotherapy

Toxicity Grade0 Gradel1 Grade2 Grade3 Grade4  Toxicity of any grade (%)  Toxicity of grade 3-4 (%)
Hematological toxicity
Leukopenia 6 11 1 3 0 81 10
Neutropenia 12 13 5 1 0 61 3
Anemia 4 14 10 3 0 87 10
Thrombocytopenia 12 16 3 0 0 61 0
AST/ALT 20 9 0 0 35 0
Non-hematological toxicity
Fatigue 7 17 5 2 0 77 6
Anorexia 4 18 3 5 1 87 19
Nausea 9 15 5 2 0 71 6
Vomiting 24 6 0 1 0 23 3
Diarrhea 21 8 2 0 0 32 0
Abdominal pain 20 9 2 0 0 35 0
Stomatitis 29 2 0 0 0 6 0
Skin rash 29 2 0 0 0 6 0
Infection 29 0 1 1 0 6 3
Gastrointestinal ulcer 27 0 2 1 1 13 6

AST aspartate transaminase, ALT alanine transaminase.

non-hematological toxicity included anorexia (19%),
nausea (6%), fatigue (6%), gastrointestinal ulcer (6%),
vomiting (3%) and bile duct infection (3%). After CRT,
three patients developed a gastrointestinal ulcer; of
these, two (grade 2) recovered after conservative treat-
ment, and one (grade 3) required endoscopic hemostasis.
Another patient developed a duodenal fistula involving
the primary tumor at 2 months after completion of CRT
(grade 4). This fistula was possibly caused by the necro-
sis of the huge primary tumor that penetrated the duo-
denal wall. Although the hemorrhage was transient, this
patient needed to undertake long-term fasting and intra-
venous hyperalimentation, but later died of severe bile
duct hemorrhage because of primary tumor progression.

Four patients were diagnosed as having distant metas-
tasis immediately after the completion of salvage CRT.
Because of poor general health and/or the lack of an effi-
cacious chemotherapeutic regimen, these patients did
not undergo further evaluation. The response of the pri-
mary tumor was evaluated radiologically at 2 months
after the completion of CRT in 26 patients. Tumor re-
sponse to CRT included a PR in one patient (3%), stable
disease (SD) in 22 patients (73%) and progressive disease
(PD) in three patients (10%). Among the 24 patients
whose initial CA19-9 level was >100 U/ml, the median
CA19-9 level decreased from 769 U/ml to 479 U/ml at
minimum after CRT. The CA19-9 level decreased more
than 50% in 14 patients (58%) after CRT. Relief of pain
was achieved in 16 out of 19 patients (84%) who had
experienced carcinomatous pain before CRT. After the

completion of salvage CRT, 20 patients (67%) started
maintenance chemotherapy. Maintenance chemotherapy
mainly consisted of the S-1 based regimen. The median
duration of continued maintenance chemotherapy was 4
months.

Overall outcomes

The median overall survival time (MST) of the entire pa-
tient population from the start of salvage CRT was 8.8
(95% CI, 7.8-9.8) months. The 6 month, 1l-year and
2-year survival rates from the start of salvage CRT were
76.7%, 33.3% and 26.3%, respectively (Figure 1). At the
time of analysis, four patients were still alive, while 26
patients had died of disease progression. No patients
underwent radical resection of their pancreatic cancer
after CRT. The median progression-free survival (PFS)
time from the start of salvage CRT was 4.9 (95% CI, 3.4-
6.3) months. The 6 month, 1-year and 2-year PFS rates
were 40.0%, 15.2% and 5.7%, respectively. Sites of disease
progression after CRT were documented in all 28
patients with progression; they are summarized in
Table 5. The sites of first failure after CRT included dis-
tant metastases in 17 patients (61%) and locoregional
progression in 10 patients (36%); one patient (3%) had
both sites of first failure after CRT. Although prophylac-
tic nodal irradiation was not undertaken, isolated nodal
recurrence as a first site of recurrence was observed in
only one patient. The median local progression-free time
from the start of CRT was 9.8 (95% CI, 7.2-12.3) months
(Figure 2). The 6 month, l-year and 2-year local
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progression-free rates were 82.5%, 39.1% and 13.0%, re-
spectively. The median distant metastasis-free time from
the start of CRT was 6.2 (95% CI: 2.6-9.8) months.

In two patients, the primary tumors showed no re-
sponse to primary chemotherapy and they had PD
(Table 2). The primary tumors of these two patients
remained stable at the completion of CRT. One patient
was not evaluated further because lung metastases
emerged at the completion of CRT. She received best
supportive care owing to her poor general condition.
The primary tumor in the other patient remained stable
for 9.6 months, then progressed locally. Both patients
died of primary disease at 4.0 and 13.7 months after the
start of CRT.

Considered overall, the MST from the start of primary
chemotherapy was 17.8 (95% CI, 12.3-23.3) months. The

Table 5 Sites of first disease progression after salvage
chemoradiotherapy
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Figure 1 Kaplan-Meier survival curve for overall survival from Figure 2 Kaplan-Meier survival curve for the local progression-
the start of salvage chemoradiotherapy. free ratio from the start of salvage chemoradiotherapy.

Disease site No. of patients % patients
None 2 7
Distant metastases 17 57
Liver 12
Peritoneum 2
Liver and peritoneum 1
Lung 1
Liver and lung 1
Locoregional progression 10 33
Local progression 9
Regional lymph node 1
Local progression and distant metastases 1 3

Local and peritoneum

1-, 2-, 3- and 4-year survival rates from the commence-
ment of first-line chemotherapy were 83.3%, 38.8%,
21.7% and 7.2%, respectively (Figure 3).

Univariate and multivariate analysis of pre-CRT factors
influencing survival after CRT

Univariate analysis was performed on 11 different vari-
ables to evaluate their potential value in terms of sur-
vival after salvage CRT (Table 6). Significant prognostic
factors for improved survival included KPS (= 80; p =
0.022); number of regimens of primary chemotherapy
(single; p = 0.006); pre-CRT tumor diameter < 4 cm (p =
0.04); and pre-CRT serum CA19-9 level (< 1000 U/ml;
p = 0.002). The absence of local progression before
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Figure 3 Kaplan-Meier survival curve for overall survival from
the start of primary chemotherapy.

- 166 -




Mayahara et al. BMC Cancer 2012, 12:609
http://www.biomedcentral.com/1471-2407/12/609

Page 7 of 10

Table 6 Results of univariate analysis of survival after salvage chemoradiotherapy

Factors No. of patients Median survival time (months) 6-month survival (%) 1-year survival (%) 2-year survival (%) p-value
All patients 30 88 77 33 26
Age

< 65 14 8.1 79 29 14

265 16 9.2 75 38 38 0.2
Gender

Male 16 8.1 75 31 25

Female 14 92 79 36 29 06
Karnofsky performance status

280 28 9.1 79 36 28

< 80 2 4.8 50 0 0 0.03
Primary tumor location

Head 15 94 93 40 33

Body / tail 15 85 60 27 18 0.5
Number of regimens of primary chemotherapy

1 25 94 80 40 32

2 5 6.1 60 0 0 0.006
Best response to primary chemotherapy

PR 9 9.2 89 33 33

SD or PD 21 8.5 71 33 24 06
Pre-chemoradiotherapy tumor diameter (cm)

<4 12 10.8 83 50 50

>4 18 85 72 22 0 0.04
Pre-chemoradiotherapy serum CA19-9 level (U/ml)

< 1,000 29 108 90 47 42

> 1,000 1 64 54 9 0 0.002
Local progression before starting chemoradiotherapy

Absent 4 NA 80 60 60

Present 26 8.8 76 28 19 0.15
Time from the start of primary chemotherapy to chemoradiotherapy

< 6 months 12 8.5 75 33 25

> 6 months 18 88 78 33 28 09
Combined chemoradiotherapy agents

5-FU 14 72 64 21 14

S-1 16 99 88 44 37 009
PR partial response, SD stable disease, PD progressive disease, NA not available.
salvage CRT (p = 0.15) and concomitant use of S-1 dur- Discussion

ing salvage CRT (p = 0.09) were not significant prognos-
tic factors. The time from the start of primary
chemotherapy to salvage CRT was not associated with
survival (p = 0.73). Using multivariate analysis, a lower
pre-CRT serum CA-19-9 level (< 1000 U/ml; p = 0.009)
and a single regimen of primary chemotherapy (p =
0.004) were found to be independent prognostic factors
for survival after salvage CRT (Table 7).

In the present study, the MST of the entire patient
population from the start of salvage CRT was 8.8
months. The median time to local progression from the
commencement of salvage CRT was 8.9 months. Before
starting CRT, all of the patients experienced failure of
the primary chemotherapy. However, the MST of 8.8
months for this cohort is comparable to the historical
MST achieved after primary CRT combined with 5-FU
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Table 7 Results of multivariate analysis of survival after
salvage chemoradiotherapy

Variables Factors Hazard rate  p-value

(95% CI)
Pre-chemoradiotherapy < 1000 versus 1 0.009
serum CA19-9 level (U/ml) > 1000

438

(1.45-13.22)
Number of regimens of 1 versus 2 1 0.004
primary chemotherapy 6.28

(1.78-22.18)
Local progression before absent versus 1 06
chemoradiotherapy present 158

(0.34-7.18)
Pre-chemoradiotherapy < 4.0 versus 1 09
tumor diameter (cm) > 40 11

(0.35-3.46)

[2,14,19]; the median time to local progression was also
similar [13]. In addition, the frequency of grade 3-4
non-hematological toxicity observed in the current study
was also similar to that reported in previous studies.
These findings show that CRT combined with S-1 or 5-
FU had moderate anti-tumor activity and an acceptable
toxicity profile in patients with LAPC, even after failure
of GEM-based primary chemotherapy.

In the literature, the representative MST of patients
with LAPC who were included in prospective clinical
trials was reported to be 8.4-11.4 months for 5-FU-
based CRT [2,3,14,19], 9.2-15.0 months for GEM mono-
therapy [15,20] and 10.3-11.1 months for GEM-based
CRT [20,21]. Generally, only a few patients with LAPC
survive for 3 years or more. The MST from salvage CRT
in our cohort seems to be inferior to those reported in
recent studies involving primary therapy for LAPC.
However, if we consider primary chemotherapy and sal-
vage CRT as a combined treatment strategy, the MST of
17.8 months from the start of primary chemotherapy is
a promising result. Additionally, long-term survivors
from the start of primary chemotherapy in our cohort
seem to be distinct, with 22% achieving a 3-year overall
survival. In our cohort, only patients who underwent
primary chemotherapy and progressed locally without
distant metastases were selected to receive salvage CRT.
Because of the strong selection bias, we should not com-
pare this outcome to that of prospective clinical trials in
the literature. However, the existence of long-term survi-
vors in our cohort suggests that salvage CRT should
have some benefit in selected patients with LAPC, even
after failure of the primary chemotherapy. The strategy
of using chemotherapy alone as a primary treatment for
LAPC, followed-by CRT for salvage intent, should be
further investigated in prospective clinical trials.

Combined with radiotherapy, S-1 has been demon-
strated to exert a synergistic effect against 5-FU-
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resistant cancer xenografts [22]. We previously con-
ducted a phase I trial to determine the maximum toler-
ated dose of S-1 with concurrent radiotherapy for LAPC
[4]. This dose was 80 mg/m?/day, which is the same as
the full dose of S-1 when administered alone. The tox-
icity of CRT combined with S-1 for LAPC was generally
mild and manageable with conservative treatment. Sev-
eral phase II clinical trials of CRT combined with S-1 for
LAPC achieved MSTs in the range 14.3-16.2 months
[7,8]. These MSTs compare favorably with the historical
MSTs reported for CRT combined with 5-FU of 8.4-11.4
months [2,14]. In the current study, either S-1 or 5-FU
was combined with radiotherapy. Univariate analysis of
survival after subsequent CRT showed a non-significant
trend towards better results when CRT was combined
with S-1 (Table 6). The occurrence of grade 3—-4 non-
hematological toxicity during and after CRT was less fre-
quent among the patients who had received CRT com-
bined with S-1, as compared with 5-FU (6% versus 43%).
Because of the retrospective nature of this study, a dif-
ference in baseline characteristics may inhibit a fair
comparison between the two agents. Although a direct
comparison between S-1 and 5-FU has not yet been
undertaken in a prospective clinical trial, CRT combined
with S-1 is an attractive alternative to 5-FU-based CRT.

The value of S-1 in pancreatic cancer is not limited to
its sensitizing effect during CRT. Single agent S-1 has
excellent activity regarding chemo-naive metastatic pan-
creatic cancer, with a response rate of 37.5% and a MST
of 9.2 months [23]. S-1 is the first agent that has not
proved inferior to GEM as a single agent for the treat-
ment of advanced pancreatic cancer in a phase III
randomized-controlled trial [16]. S-1 also retains its ac-
tivity in relation to advanced pancreatic cancer even
after the failure of GEM, with a response rate of 21%
[24]. Accordingly, in the current study, the activity of
salvage CRT with S-1 should be related to the excellent
systematic effect of the agent on subclinical distant me-
tastasis, as well as its local sensitizing effect.

Recently, induction chemotherapy has become a major
component in the treatment strategy for LAPC. Two
well-designed retrospective studies have shown that
induction chemotherapy followed by CRT yielded a
survival benefit over primary CRT or continued chemo-
therapy alone for LAPC [12,25]. More recently, several
phase II prospective clinical trials have been conducted
to evaluate the value of induction chemotherapy fol-
lowed by CRT, which resulted in MSTs in the range
12.6-19.2 months [26-28]. The optimum duration of in-
duction chemotherapy for LAPC continues to be a mat-
ter of debate. Recent prospective clinical trials that
included induction chemotherapy for LAPC had chosen
to evaluate the effects of 2—6 months of induction ther-
apy [26-28]. In the current study, the median duration
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of primary chemotherapy was 7 months, which is longer
than those used in these prospective trials. Because
patients with rapidly progressing occult-metastatic dis-
ease were excluded from the present study, the tumors
in our cohort might have deviated to relatively chemo-
responsive tumors. Therefore, the duration of primary
chemotherapy was not associated with survival after
CRT in the current study. We could not draw any con-
clusion with regard to the optimum duration of induc-
tion chemotherapy from this retrospective cohort study.

In agreement with the current study, previous studies
have shown that a highly-elevated CA 19-9 level is a
poor prognostic factor for patients who had received
CRT for LAPC [29,30]. A highly elevated serum CA19-9
level in patients prior to CRT suggests chemo-resistance
of the tumor, as well as the existence of progressive oc-
cult metastasis. These patients might gain little benefit
from the addition of salvage CRT.

Multivariate analysis revealed that the use of two regi-
mens of primary chemotherapy was an unfavorable fac-
tor for survival after CRT. The MST of the patients who
received two regimens of primary chemotherapy was 6.1
months from the start of salvage CRT, and no patient
survived for 12 months or longer thereafter (Table 6). In
all of the patients (n = 5) who underwent two regimens
of primary chemotherapy before CRT, S-1 was used as a
second-line chemotherapy. Of these patients, three
received salvage CRT combined with 5-FU, and two
received salvage CRT combined with S-1. Because both
5-FU and S-1 are fluorinated pyrimidine agents, failure
of the tumor to respond to treatment with S-1 should
cause resistance to salvage CRT combined with either 5-
FU or S-1. If there are any signs of failure to respond to
the primary chemotherapy, without distant metastasis,
salvage CRT could be a treatment of choice as a second-
line therapy.

Because of the retrospective nature of the current
study, there were a number of limitations that affected
the interpretation of our findings. The number of
patients was very limited and the patient population was
not homogeneous because of different clinical back-
grounds, and they received CRT with salvage intent.
Also, the patients were collected for over a period of 7
years, non-consecutively. The clinical response to pri-
mary chemotherapy was generally better than previously
reported, possibly because of the exclusion of patients
with chemo-resistant occult distant metastasis. Only
patients who underwent primary chemotherapy and pro-
gressed locally without distant metastases were selected
and included in the current analysis.

Whether or not the addition of chemotherapy prior to
CRT will contribute to prolonging the survival of
patients with LAPC has not been elucidated with suffi-
cient statistical power in a prospective clinical trial. We
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are now investigating the value of induction chemother-
apy with GEM versus no induction chemotherapy for
LAPC in a multi-institutional randomized phase II study
involving S-1 and concurrent radiotherapy (JCOG1106,
UMINO000006811). A future phase III study will be con-
ducted to compare GEM monotherapy and S-1 based
CRT with or without induction GEM, depending on the
results of the JCOG1106 study. Another phase III study,
the GERCOR LAP 07 phase III trial (www.clinicaltrials.
gov, identifier code NCT00634725) is also ongoing. This
study was designed to elucidate the benefit of induction
chemotherapy followed by CRT combined with capecita-
bine, with or without erlotinib during induction chemo-
therapy and a CRT phase. In future, results from these
prospective clinical trials will become available to further
define the role of chemotherapy followed by CRT for
LAPC.

Conclusions

CRT combined with S-1 or 5-FU had moderate anti-
tumor activity in patients with LAPC even after failure
of GEM-based primary chemotherapy. If there are any
signs of failure to primary chemotherapy without distant
metastasis, salvage CRT could be a treatment of choice
as a second-line therapy. Patients with a relatively low
serum CA19-9 level after primary chemotherapy may
obtain additional survival benefit from salvage CRT. The
strategy of using chemotherapy alone as a primary treat-
ment for LAPC, followed-by CRT with salvage intent
should be further investigated in prospective clinical
trials.
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Radiofrequency (RF) ablation has received considerable atten-
tion as a therapy for lung tumors. Although an international
survey (1) reported a low mortality rate (0.4%), RF ablation of
lung tumors results in various complications, including inju-
ries in peripheral nerves such as the brachial and phrenic
nerves (2,3). Because phrenic nerves provide motor innerva-
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tion to the diaphragm, injury to these nerves may induce
diaphragmatic paralysis and impair pulmonary function. Since
patients who undergo RF ablation are often nonsurgical candi-
dates because of preexisting impaired pulmonary function,
phrenic nerve injury represents an important risk during treat-
ment. However, this complication is poorly understood because
of the paucity of reported cases. Therefore, the purpose of this
study was to retrospectively evaluate the incidence of and risk
factors for phrenic nerve injury after RF ablation of lung tumors.

MATERIALS AND METHODS
Study Population

Institutional review board approval was obtained to per-
form percutaneous RF ablation of lung tumors under com-
puted tomography (CT) fluoroscopic guidance and to report
the outcomes of RF ablation. In addition, informed consent
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was also obtained from the patients before the procedure
was begun. Between June 2001 and December 2011, 892
RF ablation procedures were performed for lung tumors at
a single institution. Among those, chest radiographs before
or after 78 procedures were not available; therefore, those
procedures were excluded from the study. Data were ob-
tained for the remaining 814 procedures.

RF Ablation Techniques

The RF ablation procedure was performed in an inpatient
setting. A chest radiograph was obtained on admission. For
the procedure, intramuscular hydroxyzine (25 mg) and in-
travenous fentanyl (0.1-0.3 mg) were used for conscious
sedation. Intraprocedural pain was also treated with local
anesthesia (n = 496) or a combination of local and epidural
anesthesia (n = 316). Two procedures were performed
under general anesthesia. Local anesthesia was induced by
the administration of 1% lidocaine (5-10 mL). For epidural
anesthesia, continuous infusion of 0.2% ropivacaine and 2
wpg/mL fentanyl at 2—6 mL/h was used.

RF ablation was always performed percutaneously by
using CT fluoroscopy guidance (Asteion or Aquilion 16;
Toshiba, Tokyo, Japan). We used two types of electrodes:
a multitined expandable electrode (LeVeen; Boston Scien-
tific, Natick, Massachusetts) or a single internally cooled
electrode (Cool-tip; Covidien, Mansfield, Massachusetts).
The array diameters of the multitined expandable electrodes
or the noninsulated tip lengths of internally cooled elec-
trodes were selected on the basis of the tumor size; ablation
of larger tumors requires the use of a larger electrode (ie, an
electrode with a larger array diameter or a longer noninsu-
lated tip).

The electrode was introduced into the tumor and con-
nected to an RF generator (RF 2000 or RF 3000 [Boston
Scientific] or CC-1 [Covidien]). When the Boston Scientific
device was used, RF energy was applied until there was a
rapid increase in impedance or automatic shutoff at 15
minutes. This application was repeated once at each site.
When the Covidien device was used, an impedance control
algorithm was selected, and the RF energy was applied for
10—~12 minutes while infusing iced saline solution into the
cooling lumen of the electrode. The ablation algorithm
depended on the array diameter or the noninsulated tip
length, ie, the use of larger electrodes required the use of
higher RF power (4). We attempted to achieve ablation with
a margin of at least 5 mm. Multiple overlapping ablations
were performed to secure an adequate ablation margin if
necessary. Chest radiographs were obtained 3 h after RF
ablation and on the following day to evaluate complica-
tions.

Evaluation of Phrenic Nerve Injury

To evaluate the development of phrenic nerve injury, chest
radiographs obtained before the procedure (ie, on admis-
sion) and after the procedure (ie, 3 h after the procedure and
on the following day) were retrospectively reviewed, with

the level of the diaphragm noted. Phrenic nerve injury was
assumed to have developed if the diaphragm on the treated
side was substantially elevated after the procedure. Sub-
stantial elevation was defined as elevation with a height
greater than the width of an intercostal space. Even without
phrenic nerve injury, the level of the diaphragm may be
different at each examination, mainly because of the degree
of inspiration. Therefore, elevation of the diaphragm on the
treated side was evaluated by comparing it to the level of
the diaphragm on the untreated side.

Identification of Risk Factors for Phrenic
Nerve Injury

To identify risk factors for phrenic nerve injury, we analyzed
multiple characteristics of the patients, tumors, and ablations.
The patient characteristics included age and sex. The tumor
characteristics included size and distance from the phrenic
nerve (< 10 mm or = 10 mm). When the phrenic nerve could
not be identified on CT images, the anticipated location of the
phrenic nerve was estimated on the basis of a standard imaging
atlas (5). The distance from the phrenic nerve to the nearest
tumor edge was measured on the CT images that were ob-
tained before RF ablation. The ablation characteristics in-
cluded electrode type (multitined expandable electrode or sin-
gle internally cooled electrode), array diameter or noninsulated
tip length of the electrode, maximum power applied during
ablation, and RF application time. These variables were com-
pared between cases of phrenic nerve injury and selected
control cases. For control selection, we recruited eight ran-
domly sampled controls per case by using a random number
table; the number of controls selected was based on the fact
that statistical power does not increase beyond this number of
control cases.

Statistical Analysis

In cases of phrenic nerve injury in which pulmonary func-
tion data were available for before and after RF ablation,
the post-procedural vital capacity (VC) and forced expira-
tory volume at 1 s (FEV1.0) were compared with the
preprocedural VC and FEV1.0, respectively, by using the paired
Student ¢ test. Univariate analyses to determine the risk
factors for phrenic nerve injury were performed by using
the two-sided Student ¢ test for numerical values and Fisher
exact test for categoric values. Then, multivariate logistic
regression analysis was performed to determine the inde-
pendent risk factor. A P value of less than .05 was consid-
ered statistically significant. Odds ratios (ORs) were calcu-
lated for significant categorical variables. The analyses
were performed by using SPSS software (version 16.0;
SPSS, Chicago, Illinois).

RESULTS

The elevation of the diaphragm on the treated side could not
be evaluated after 28 RF ablation procedures because of the
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Pre-/Postablation

Tumor Tumor-Phrenic Measurement (L)

Pt. Age Size  Nerve Distance Electrode Maximum Application Procedural Timing
No. (y) Sex (mm) (mm) Type/Size* Power (W) Time (min) Pain Site of DET vC FEV1.0
1 46 F 19 <10 LeVeen (2) 80 50 Nowhere 3h NA NA
2 58 F 24 =10 Cool-tip {(3) 100 21 Shoulder 1d NA NA
3 61 M 32 <10 Cool-tip (3) 135 27 Shoulder 3h NA NA
4 73 M 30 <10 LeVeen (3) 150 69 Shoulder 3h NA NA
5 77 F 30 =10 LeVeen {4) 190 49 Shoulder, 1d 1.95/1.60 1.76/1.36
teeth
6 71 M 15 <10 LeVeen (3) 110 32 Shoulder 1d 3.65/2.67 2.75/1.93
7 73 F 24 <10 Cool-tip (3) 120 18 Shoulder 3h 2.07/1.54 1.90/1.54
8 66 M 26 <10 Cool-tip (3) 120 11 Shoulder 3h 3.83/3.09 2.82/2.17
9 60 F 22 <10 Cool-tip (3) 110 30 Shoulder 3h 1.62/1.60 1.18/1.13
10 55 F 14 <10 Cool-tip (3) 110 36 Mandible 3h 2.99/2.52 2.28/1.92

Note.—Tumors were metastatic in nature in all patients. DE = diaphragmatic elevation, FEV1.0 = forced expiratory volume at 1 s,
NA = data not available, VC = vital capacity.

* Array diameter or noninsulated tip length {cm).

1 Onset of injury measured after ablation procedure.

a. b. c.

Figure 1. Phrenic nerve injury after RF ablation of a metastatic lung tumor from rectal cancer in a 46-year-old woman (case 1; Table 1).
(a) On a preprocedural chest radiograph, the arrow denotes the target tumor and the arrowhead denotes a previously ablated tumor.
(b) CT image obtained during RF ablation shows a multitined expandable electrode with array diameters of 2 cm inserted into the
tumor {arrow). Arrowhead indicates the anticipated location of the phrenic nerve. Note that the ablation zone surrounds the tumor.
(c) Chest radiograph obtained 3 h after RF ablation. The diaphragm on the treated side (arrow) is substantially elevated in comparison
with that on the preprocedural chest radiograph (a). The arrowhead denotes the ablation zone.

presence of massive pleural effusion or pneumothorax after nine of the 10 cases. Pain was perceived in the shoulder in
the procedure (n = 16), absence of the contralateral lung seven cases, the shoulder and teeth in one case, and the
because of a history of pneumonectomy (n = 8), or RF mandible in one case.

ablation procedures in both lungs (n = 4). Phrenic nerve Pre- and postprocedural pulmonary function data were
injury developed after 10 of the remaining 786 procedures available in six of the 10 cases of phrenic nerve injury. In
(1.3%). The characteristics of the 10 cases are shown in these six cases, the mean VC decreased significantly (P =
Table 1. Images from a case of phrenic nerve injury are .02) by a mean (=SD) of 18.2% = 8.9 (range, 1.2%—
shown in Figure 1. Elevation of the diaphragm was dem- 29.6%) after RF ablation (2.69 L before ablation, 2.15 L
onstrated on a chest radiograph 3 hours after the procedure after). Similarly, the mean value of FEV1.0 decreased sig-
in seven cases; in the other three, it was not demonstrated nificantly (P = .01) from 2.12 L before RF ablation to 1.68

3 h after the procedures, but on the following day. The L after RF ablation; therefore, FEV1.0 decreased by a mean
procedure was accompanied by patient-reported pain in of 19.1% = 7.9 (range, 4.2%-29.8%) after RF ablation. In
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Case
Characteristic (n = 10)

Age (y) 64.0 £ 9.7
Sex (M/F) 4/6
Tumor size (mm) 23.6 + 6.2
Tumor size group

<20 mm 3

=20 mm 7
Tumor distance from phrenic nerve

<10 mm 8

=10 mm 2
RF electrode type

LeVeen 4

Cool-tip 6
Array diameter/noninsulated tip length

=2cm 1

=3 cm 9
Maximum power (W) 123 = 30
Maximum power group

<100 W 1

=100 W 9
RF application time (min) 34 =17

Control

(n = 80) P Value Odds Ratio
61.3 = 10.8 449 —_
55/25 .087 —
18.7 = 13.7 272
57 Ref 1.00
23 .014 5.78
3 <.001 102.7
77 Ref 1.00
57 .07 -
23 — -
53 Ref 1.00
27 .001 17.7
67 =43 <.001 .
64 Ref 1.00
16 <.001 36.0
28 = 26 478 -

Note.—Values presented as means * SD where applicable. Ref = reference value for calculation of odds ratio, RF = radiofre-
quency.

Odds Ratio
Variable P Value (95% CI)
Size = 20 mm 307 3.01 (0.36-24.8)
Distance from phrenic <.001 66.8 (8.84-504.2)

nerve <10 mm

two cases, shortness of breath was observed after the pro-
cedure. Although oxygen administration was required for 3
and 6 days after the procedures in these patients, respec-
tively, the symptom resolved within 1 week. In the other
eight cases, the patient was asymptomatic. A radiographi-
cally elevated diaphragm persisted during a mean follow-up
period of 19.2 months (range, 1-53 mo) in all cases.

The results of the univariate analyses of potential risk
factors for phrenic nerve injury are shown in Table 2. The
following factors were significantly associated with the
development of phrenic nerve injury after RF ablation:
larger tumor size (= 20 mm in diameter; P = .014; OR,
5.78-fold higher for tumors < 20 mm in diameter), prox-
imity of the phrenic nerve to the tumor (< 10 mm; P <
.001; OR, 102.7-fold higher for distances = 10 mm), larger
electrode size (array diameter or noninsulated tip lengths =
3 cm; P = .001; OR, 17.7-fold higher for distances < 2
cm), and higher maximum power applied during ablation

(= 100 W; P < .001; OR, 36.0-fold higher for power <
100 W).

The results of the multivariate analysis to elucidate an
independent risk factor for phrenic nerve injury are shown
in Table 3. The analysis was performed by using variables
including tumor size and proximity of the phrenic nerve to
the tumors. The only identified independent risk factor was
the proximity of the phrenic nerve to the tumor (< 10 mm;
P < .001, OR, 66.8-fold higher for distances = 10 mm).

DISCUSSION

Peripheral nerves are sensitive to heat, and therefore, they
may be injured by the application of RF ablation in nearby
areas. In rats, temperatures of 43°C—-45°C damage the
sciatic nerve (6,7). In cats, reversible blockade of the sciatic
nerve by RF ablation application occurs at 40°C ().
Phrenic nerve injury has been noted as a complication of
cardiac ablation. Bunch et al (9) revealed the effect of RF
ablation at the pulmonary vein orifice on the phrenic nerves
in dogs. Transient phrenic nerve injury occurred at a tem-
perature of 47°C = 3 after 38 seconds * 32, and permanent
injury occurred after additional energy was delivered at a
temperature of 51°C = 6 after 92 seconds * 83.

To our knowledge, only two cases of phrenic nerve
injury have been reported as complications of RF ablation
of lung tumors (3). However, we speculate that a certain
number of cases may be missed because most patients with
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d. c.

f.

Figure 2. Chest CT images from a 41-year-old woman. Arrows denote the location of the phrenic nerves on each slice. (a, b) The right
phrenic nerve lies lateral to the right brachiocephalic vein and the superior vena cava. The left phrenic nerve runs along the lateral aspect
of the transverse arch of the aorta. {c, d) The two nerves subsequently pass anterior to their respective pulmonary hila. (e, f) The two nerves
traverse inferiorly in a broad vertical plane along the margin of the heart between the fibrous pericardium and the mediastinal pleura.

phrenic nerve injury are asymptomatic, as revealed in the
present study. Ablation operators should consider the anatomy
of the phrenic nerve to minimize the risk of this complication.
The anatomy of the phrenic nerve on CT images is shown in
Figure 2. The phrenic nerves lie along the lateral mediastinum
and run from the thoracic inlet to the diaphragm. They run
through the upper chest, medial to the mediastinal pleura and
the apex of the right or left lung. The right phrenic nerve lies
lateral to the right brachiocephalic vein and the superior vena
cava. The left phrenic nerve runs along the lateral aspect of
the transverse arch of the aorta. The two nerves subse-
quently pass anterior to their respective pulmonary hila and
traverse inferiorly in a broad vertical plane along the mar-
gin of the heart between the fibrous pericardium and the
mediastinal pleura (5).

A previous study (10) showed impaired pulmonary
function following unilateral diaphragmatic paralysis caused by
iatrogenic complications, tumors, trauma, infection, and
unknown causes. The present study also showed significant
decreases in pulmonary function in cases of phrenic nerve
injury after RF ablation; phrenic nerve injury reduced the
values of VC and FEV1.0 by approximately 20%. The decrease
in pulmonary function after RF ablation was quite a bit
higher than that in a previous study (11) on influence of RF
ablation of lung tumors on pulmonary function (mean pro-
portions of VC and FEV1.0 after RF ablation of 93% and
95% at 1 mo and 95% and 95% at 3 mo, respectively).

Multivariate analysis was performed by using values of
tumor size and proximity of the phrenic nerve to the tumor.
Although the maximum power and electrode size were found
to be significantly associated with phrenic nerve injury by
univariate analysis, those variables were not evaluated in the

multivariate analysis. We selected the electrode size according
to the tumor size, and we varied the RF power according to the
electrode size. Therefore, electrode size and maximum power
were substantially correlated with tumor size. To avoid mul-
tilinearity, those two variables were excluded from the multi-
variate analysis. The multivariate analysis demonstrated that
only the proximity of the phrenic nerve to the tumor was a
significant independent risk factor.

We demonstrated that nine of the 10 cases of phrenic
nerve injury (90%) were accompanied by procedural pain
in the shoulder, teeth, or mandible. Such pain is likely
referred from phrenic nerve stimulation. In addition to their
function of providing motor innervation to the diaphragm,
phrenic nerves transmit sensory information from the cen-
tral intrathoracic and peritoneal surfaces of the diaphragm,
radiating painful sensations from these areas to the neck and
shoulder. Left shoulder pain caused by splenic rupture, or
Kehr sign, is a typical example of referred pain from the
phrenic nerve (12). Referred pain of the teeth and mandible
may be explained by interconnections between the nuclei of
the phrenic nerve and the trigeminal nerve, which carries
sensations from these areas (13). Our results indicate that
referred pain during RF ablation procedures may be predictive
of the development of phrenic nerve injury after the procedure.

The creation of an artificial pneumothorax may offer a
prophylactic treatment for phrenic nerve injury. Thornton et
al (3) reported a single case in which phrenic nerve injury
was avoided by creating an artificial pneumothorax be-
tween the tumor and the phrenic nerve. Similarly, creation
of an artificial pneumothorax may protect the mediastinum
and chest wall (14). In addition, an artificial pneumothorax
is useful in minimizing pain during ablation by separating
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ablated tumors from the chest wall and parietal pleura (15).
However, this technique would not be feasible in the presence
of pleural adhesions (14). Conversely, the use of thoracoscopic
guidance instead of the traditional percutaneous approach
would enable direct visualization and guarantee separation of
the tumor from the mediastinal structures.

There are several limitations to the present study. This
is a retrospectively designed study. The development of
phrenic nerve injury was not evaluated by using a nerve
conduction study. Although we reviewed postprocedural
chest radiographs that were obtained 3 hours after RF
ablation and on the following day, we did not review
subsequent chest radiographs because they were not rou-
tinely obtained thereafter at determined time points. There-
fore, delayed development of phrenic nerve injury was not
evaluated in this study. Pulmonary function data were miss-
ing in four of the 10 cases of phrenic nerve injury. The
phrenic nerve is not usually clearly visible on CT images,
so, in the majority of cases, it was necessary to predict the
location of the phrenic nerve based on standard anatomy;
consequently, the estimated distance between a tumor and
the phrenic nerve may be inaccurate.

In conclusion, the incidence of phrenic nerve injury
after RF ablation of lung tumors was 1.3%. Phrenic nerve
injury caused a significant decrease in pulmonary function.
The proximity of the phrenic nerve to the tumor was an
independent risk factor for phrenic nerve injury.
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The purpose of this retrospective study is to investigate the impact of concurrent chemotherapy on definitive
radiotherapy for the International Federation of Gynecology and Obstetrics (FIGO) IIIb cervical cancer.
Between 2000 and 2009, 131 women with FIGO IIIb cervical cancer were treated by definitive radiotherapy
(i.e. whole pelvic external beam radiotherapy for 40-60 Gy in 20-30 fractions with or without center
shielding and concomitant high-dose rate intracavitary brachytherapy with 192-iridium remote after loading
system for 6 Gy to point A of the Manchester method). The concurrent chemotherapy regimen was cisplatin
(40 mg/m*/week). After a median follow-up period of 44.0 months (range 4.2-114.9 months) and 62.1
months for live patients, the five-year overall survival (OS), loco-regional control (LRC) and distant metas-
tasis-free survival (DMFS) rates were 52.4, 80.1 and 59.9%, respectively. Univariate and multivariate ana-
lyses revealed that lack of concurrent chemotherapy was the most significant factor leading to poor
prognosis for OS (HR =2.53; 95% CI 1.44-4.47, P=0.001) and DMFS (HR =2.53; 95% CI 1.39-4.61;
P =0.002), but not for LRC (HR =1.57; 95% CT 0.64-3.88; P=0.322). The cumulative incidence rates of
late rectal complications after definitive radiotherapy were not significantly different with or without concur-
rent chemotherapy (any grade at five years 23.9 vs 21.7%; P =0.669). In conclusion, concurrent chemother-

apy is valuable in definitive radiotherapy for Japanese women with FIGO IIIb cervical cancer.
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INTRODUCTION

External beam radiotherapy (EBRT) combined with intraca-
vitary brachytherapy (ICBT) is the standard treatment for
women with cervical cancer [I-3]. A combination of
EBRT plus high-dose rate (HDR) ICBT for Japanese
women with cervical cancer has provided acceptable out-
comes and late complication rates despite the lower dose
prescription in Japan than in the US [4-9 ]. In 2000s con-
current chemoradiotherapy (CCRT) became standard after
the National Cancer Institute (NCI) announcement recom-
mending concurrent chemotherapy in 1999 [10], however,
the benefits of concurrent chemotherapy on definitive radio-
therapy might not be applicable to concomitant EBRT plus

HDR-ICBT and are not clear yet in Japan and other Asian
countries [9]. We therefore performed a retrospective ana-
lysis in a mono-institutional group with newly diagnosed
International Federation of Gynecology and Obstetrics (FIGO)
IIIb cervical cancer treated by definitive radiotherapy, the
purpose of this study being to investigate the impact of
concurrent chemotherapy on definitive radiotherapy for
Japanese women.

MATERIALS AND METHODS

Patients
We reviewed our database looking for women with newly
diagnosed FIGO IIIb uterine cervical cancers with a

© The Author 2012. Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Society for Therapeutic
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maximum diameter over 4 cm treated with definitive radio-
therapy at the National Cancer Center Hospital between
2000 and 2009. Patients who received palliative EBRT
alone, postoperative radiotherapy, interstitial brachytherapy
or an experimental regimen of concurrent chemotherapy
were excluded. A total of 131 women treated with EBRT
plus HDR-ICBT were admitted to this retrospective analysis.
All patients underwent pelvic examination, cystoscope, urog-
raphy, computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound (US) and blood tests. Maximum
tumor diameters were measured based on the MRI findings
and/or US. FIGO staging was allocated for tumor boards of
gynecological, medical and radiation oncologists. The patho-
logical diagnosis was carried out with a central pathology
review at our pathological division.

Treatment

Treatment selection was determined by the gynecological
cancer board, our treatment policy for FIGO IIb cervical
cancer is CCRT to aim for loco-regional control (LRC)
even if distant metastasis is not ruled out. Neoadjuvant
chemotherapy was prohibited. The concurrent chemother-
apy regimen was cisplatin (40 mg/mzlweek). Supportive
treatments such as blood transfusions were encouraged
during radiotherapy.

Radiotherapy

The radiotherapy field selected was the whole pelvis but
exceptions were as follows: para-aortic node (PAN) area ir-
radiation was acceptable in cases with suspicions of PAN
metastasis, bilateral inguinal node area irradiation was ac-
ceptable in cases with vaginal involvement of more than
two-thirds of total vaginal length. Radiotherapy doses of
40-60 Gy in 20-30 fractions were carried out with a
4-field box or the anterior—posterior technique. Center
shield radiotherapy (CS) was performed for a shorter
overall treatment time (OTT) reducing organ at risk (OAR)
exposure depending on tumor shrinkage. CS was carried
out 3—4 days/week, and HDR-ICBT 1-2 days/week, but
both therapies were not carried out on the same day. All
patients underwent EBRT with 10-, 15- and 20-MV X-rays
from linear accelerators (Clinac IX, Varian, Palo Alto, CA,
USA). Two-dimensional conventional radiotherapy (2DCRT)
was employed between 2000 and 2005, and three-
dimensional conformal radiotherapy (3DCRT) was used
between 2005 and 2010. All patients underwent
HDR-ICBT with 192-iridium remote after loading system
(RALS, Microselectron). The point A dose prescription for
6 Gy using the Manchester method was performed with the
ICBT planning system (Plato®, Nucletron). Image-guided
optimization was not applicable even in the case of
CT-based ICBT planning. A tandem-cylinder was used
only in cases with vaginal involvement of more than

one-third of total vaginal length or of an extraordinarily
narrow vagina.

Follow-up

All patients were evaluated weekly for toxicity during
radiotherapy through physical examinations and blood tests.
CT and/or MRI scans and cytology were performed 1-3
months after radiotherapy for initial response, physical
examination and blood tests were performed regularly
every 1-6 months. Disease progression was defined by the
response evaluation criteria in solid tumours (RECIST)
version 1.1, new clinical symptoms or observable pelvic
deficits.

Statistical analysis

Patient and treatment characteristics were compared using
the Mann-Whitney U test and Pearson’s chi-square test. OS
was estimated from the beginning of radiotherapy to the
date of death considered as an event, and censored at the
time of last follow-up. LRC rate was estimated from the be-
ginning of radiotherapy to the date of LRC failure includ-
ing both central and lateral pelvic relapse considered as an
event, and censored at the time of death or last follow-up.
DMES rate was estimated from the beginning of radiother-
apy to the date of distant metastasis considered as an event,
and censored at the time of death or last follow-up. The cu-
mulative incidence rate of late rectal complication was esti-
mated from the beginning of radiotherapy to the date of
any grade rectal hemorrhage according to common termin-
ology criteria for adverse events (CTCAE) version 4.0. [11]
OS, LRC and DMFS, and the cumulative incidence rates of
late rectal complication were calculated using the Kaplan—
Meier method [12].

As a measure of radiotherapeutic intensity to point A, we
used the equivalent dose in 2-Gy fractions (EQD,) calcu-
lated from total irradiated dose (D) and each dose (d) with
o/f for 10 Gy and potential doubling time (Tpot) defined
as five days’ subtraction from EQD, with correction for
tumor proliferation associated with OTT (EQD,T) as
shown in the following formula:

o (d+a/B
0% =25 257g)

log, T—T 2
EQD,T = EQD, — L 14+—
Qb: Qb: « Tpot /< +a/B>

Tk is the kick-off time of accelerated repopulation and was
defined as 21 days, and 0.3 for a [13]. These parameters
are not well estimated for cervical cancer so we used those
for head and neck squamous cell carcinoma (SCC) and
extrapolated them. The survival curves were compared
using the log-rank test and Cox’s proportional hazards
model. In order to carry out univariate and/or multivariate
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analysis comparing OS, LRC and DMFS rates, patients
were categorized as follows: age (<60 vs 260), tumor bulk
(<55 vs 255 mm), OTT (<6 vs 26 weeks), hemoglobin
(Hb) before (<11.9 vs 211.9 mg/dl) and concurrent chemo-
therapy. We added univariate and multivariate analysis to
assess the impact of concurrent chemotherapy on OS, LRC
and DMFS after stratified analysis for age and tumor bulk.
All statistical analyses were performed using PASW statis-
tics (Version 18.0, SPSS Japan Inc., an IBM company,
Chicago, IL, USA). A P value of <0.05 was considered
significant.

RESULTS

Patient and treatment characteristics are shown in Table 1.
There were differences in age and Hb level after treatment
between the radiotherapy alone and CCRT groups. After a
median follow-up period of 44.0 months (range 4.2-114.9
months) collectively and 62.1 months for live patients, five-
year OS, LRC and DMFS rates were 52.4, 80.1 and 59.9%,
respectively. Univariate and multivariate analyses revealed
that default of concurrent chemotherapy was the most sig-
nificant factor leading to poor prognosis for OS (HR =2.53;
95% CI 1.44-4.47; P=0.001) and DMFS (HR =2.53; 95%
CI 1.39-4.61; P=0.002), but not for LRC (HR=1.57; 95%
CI 0.64-3.88; P=0.322). (Table 2). The cumulative inci-
dence rates of late rectal complications after definitive
radiotherapy were not significantly different with or
without concurrent chemotherapy (any grade at five years
23.9 vs 21.7%; P=0.669) (Fig. 1). After stratifying 131
patients for age and tumor bulk, subgroup analysis with
or without concurrent chemotherapy revealed that non-
elderly women (HR =2.78; 95% CI 1.25-6.18; P=0.012)
with even bulky length (HR=2.53; 95% CI 1.26-5.07,
P =0.009) clearly benefit from concurrent chemotherapy
(Table 3).

DISCUSSION

Various predictors such as treatment duration and anemia
had been reported in the last decade before CCRT [14-1§].
Concomitant EBRT with HDR-ICBT, which requires
shorter treatment duration, was originally the mainstream
treatment for women with cervical cancer in Japan [5].
Treatment durations of gross tumor irradiation had a
median of 42 days, and were mostly 6 weeks, which is
much shorter than the 8 weeks recommended by the
American brachytherapy society (ABS) [14]. Concurrent
chemotherapy has the potential hazard of treatment inter-
ruption associated with acute toxicities, however OTT was
not significantly different between radiotherapy alone and
CCRT (42 (30-69) vs 42 (36-62) days; P=0.217). In this
situation, OTT is no longer a prognostic factor [17].
Similarly, a low Hb value before radiotherapy has no

impact on survival, and is no longer a prognostic factor if
anemia has been actively corrected using blood transfusion
during radiotherapy [18].

Randomized trials have shown survival benefits of
CCRT for cervical cancer [19-23]. Incorporating concur-
rent chemotherapy contributed to improvement in both
LRC and DMFS [19-23]. This impact is less in stages
III-1IV than in stages I-1I [20-23]. Our study also supported
this impact on OS and DMEFES even in cases of FIGO IIIb,
but not on LRC (Table 2). The cumulative incidence rates
of late rectal complications after definitive radiotherapy
were not significantly different with or without chemother-
apy (any grade at five years 23.9 vs 21.7%; P =0.669) and
reached a plateau (Fig. 1), though limited by the short
follow-up period for late radiation-induced complications of
other organs such as bladder or small intestine [7].

There were important limitations on this retrospective
analysis: the advantage of concurrent chemotherapy might
merely indicate that the reasons for not undergoing concur-
rent chemotherapy were associated with poor prognosis.
Forty-two women with FIGO IIIb cervical cancer did not
undergo concurrent chemotherapy in our study because of
advanced age (77 (72-85) years) for 17 patients (40.4%),
and the other half (53 (36-70)) had the following reasons
for not undergoing concurrent chemotherapy:PAN irradi-
ation for eight patients (19.0%), renal failure for three
patients (7.2%), lack of patient’s consent for five patients
(11.9%), chronic hepatitis for two patients (4.8%), active
pyometra, uncontrolled anemia, synchronous double cancer,
hypertrophic cardiomyopathy, low white blood cell counts
and sequential chemotherapy for one patient each (2.4%).
These reasons not to perform concurrent chemotherapy
seem to be clinically ordinary and acceptable, but could in-
dicate a potential selection bias that modified the impact of
concurrent chemotherapy. Our study revealed that concur-
rent chemotherapy is the most significant predictor of de-
finitive radiotherapy, thus we conclude that concurrent
chemotherapy combined with definitive radiotherapy for
FIGO TIIIb cervical cancer is advantageous for survival
improvement.

Development of the optimal chemotherapy regimen and
schedule to increase chemotherapeutic intensity as a cyto-
toxic agent but not a radiosensitizer seems to be warranted
because our results indicated concurrent chemotherapy has
impacts on DMFS but not on LRC. It is not reasonable for
Japanese women with cervical cancer to undergo increased
intensity of dose-dense concurrent chemotherapy due to a
lack of relevant feasibility [24]. There is no evidence that
platinum-doublet is superior to platinum-alone as concur-
rent chemotherapy for cervical cancer [22-23]. Therefore,
devising the best form of concurrent chemotherapy is con-
sidered to be a limitation. The efficacy of adjuvant chemo-
therapy after definitive CCRT is unclear but worth testing
as it is a feasible method [25].
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Table 1. Patient and treatment characteristics for RT alone and CCRT
RT alone (n=42) CCRT (n=89) P

Age Median (range) 66 (36-85) 55 (29-73) 0.000
Tumor bulk mm 55 (45-87) 55 (40-95) 0.302
Pathology SCC 37 (88.1%) 82 (92.1%) 0.454

non-SCC 5 (11.9%) 7 (7.9%)
Hb before RT mg/dl 11.9 (6.4-14.2) 11.9 (7.1-14.5)  0.653
Hb after RT mg/dl 11.3 (7.6-14.4) 10.3 (6.9-12.3)  0.002
OTT days 42 (30-69) 42 (36-62) 0.217
EQD, Gy 56.4 (44.0-74.0) 54.0 (52.2-74.0) 0.128
EQD,T Gy 50.0 (40.9-66.2) 48.2 (39.2-61.2) 0.177
wCDDP courses 1 0 5 (5.6%) 0.000

2 0 6 (6.8%)

3 0 12 (13.5%)

4 0 23 (25.8%)

5 0 30 (33.7%)

6 0 13 (14.6%)
Reason for RT alone Advanced age 17 (40.4%) 0 0.000

PAN irradiation 8 (19.0%) 0

No consent 5 (11.9%) 0

Renal function 3(7.2%) 0

Hepatitis 2 (4.8%) 0

Others 7 (16.7%) 0
Follow-up months 30.7 (4.2-100.3) 48.8 (7.3-114.9) 0.001

RT = radiotherapy,

CCRT = concurrent

chemoradiotherapy,

Table 2. Univariate and multivariate analyses on OS, LRC and DMFS

FIGO = International
Federation of Gynecology and Obstetrics, SCC =squamous cell carcinoma, Hb=
hemoglobin, OTT =overall treatment time, EQD,=the equivalent dose in 2-Gy
fractions, EQD,T = EQD, with correction for tumor proliferation associated with OTT,
wCDDP = weekly cisplatin, ns = not significant.

0S LRC DMFS
Five . . Five . . Five . .
. uni  multi uni  multi uni  multi
Variants years years years
Age <60 72 51.4 0.631 0.121 733 0.129 0.076 56.0 0.173 0.033
260 59 53.7 89.2 64.8
Tumor bulk <55 mm 54 59.8 0.358 0.486 79.5 0.768 0.856 74.4 0.010 0.027
>55 mm 77 47.6 80.6 50.2
OTT <6 weeks 75 53.1 0.789 0.639 78.5 0.532 0.258 63.5 0.626 0918
>6 weeks 56 50.8 82.6 56.0
Hb before RT <11.9mg/ 62 53.1 0.627 0934 74.5 0.380 0.599 59.3 0.527 0.988
dl
>11.9 mg/ 69 52.2 84.8 60.6
dl
Concurrent Yes 89 60.4 0.002 0.001 82.6 0.583 0.322 66.6 0.005 0.002
chemotherapy No 42 335 68.3 447

OS =overall survival, LRC =loco-regional control, DFMS =distant metastasis free survival,

multivariate analysis, OTT = overall treatment time, Hb = hemoglobin, ns = not significant.
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Fig. 1.

TMb cervical cancer after definitive radiotherapy with or without concurrent chemotherapy.

OS (A), DMFS (B), LRC (C) and the cumulative incidence rates of late rectal complication (D) of women with FIGO
Solid line for CCRT, dashed line for

RT alone. OS=overall survival, DMFS =distant metastasis free survival, LRC =loco-regional control, CCRT = concurrent
chemoradiotherapy, RT = radiotherapy.

Table 3. Impact of concurrent chemotherapy on OS, LRC and DMFS in the stratified analysis

(01 LRC DMFS
Log-rank Cox’s Log-rank Cox’s Log-rank Cox’s
Variates P HR (95%CI) P P HR (95%CI) P P HR (95%CI) p
Age <60 0.005 2.78 (1.25-6.18) 0.012 0.145 2.31 (0.76-6.96) 0.136 0.001 2.83 (1.32-6.05) 0.007
260 0.023 2.55 (1.10-5.89) 0.028 0.942 1.05 (0.23-4.85) 0.942 0.079 2.29 (0.88-5.94) 0.087
Tumor bulk <55mm 0.118 2.36 (0.85-6.52) 0.096 0.108 5.87 (1.27-27.0) 0.023 0.043 3.46 (1.01-11.9) 0.049
>55mm 0.018 2.53 (1.26-5.07) 0.009 0.587 0.75 (0.22-2.49) 0.645 0.085 2.23 (1.12-4.44) 0.021

OS = overall survival, DMFS = distant metastasis free survival, ns =not significant.
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In conclusion, though limited to a mono-institutional

retrospective analysis, this study revealed that concurrent
chemotherapy is valuable in definitive radiotherapy for
Japanese women with FIGO IIIb cervical cancer. A rando-
mized controlled trial is needed to establish the optimal
chemotherapy combined with definitive radiotherapy for
women with advanced cervical cancer.
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Current status of interventional oncology
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One of the recent advances in the field of cancer treatment
is the appearance of interventional oncology. Interventional
oncology now seems to be the fourth pillar of cancer care
following surgical, radiation, and medical oncology.
Modern advances in imaging and image guidance for the
detection of cancer have led to the minimally invasive
image-guided treatment of cancer, which is called inter-
ventional oncology. Interventional oncology can cause less
morbidity than open surgery, and less toxicity than che-
motherapy and radiation.

Interventional oncology itself is a new concept—com-
bining interventional radiology with oncology. Interven-
tional radiology is a medical sub-specialty of radiology
which utilizes minimally invasive image-guided proce-
dures to diagnose and treat diseases in nearly every organ
system. The concept behind interventional radiology is to
diagnose and treat patients using the least invasive tech-
niques currently available in order to minimize risk to the
patient and improve health outcomes.

The origins of interventional radiology are in the
angiographic Seldinger techniques developed by cardio-
vascular radiologists in the late 1950s and early 1960s.
Using these angiographic techniques, one can gain access
to many organ systems by percutaneous puncture. The
performance the radiologic procedures employed in inter-
ventional radiology has been facilitated by the develop-
ment of high-resolution fluoroscopy, ultrasound, computed
tomography (CT), and magnetic resonance imaging.
Moreover, interventional radiology has benefited from
growing developments in materials science, information
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technology, and biotechnology. Interventional radiology
can be used to treat various diseases, including vascular,
biliary, urological, neurological, and gastrointestinal dis-
eases. Interventional radiology uses various techniques
such as vascular embolization, vascular dilatation and
recanalization, stent placement, vascular infusion, drainage
tube placement, needle biopsy, foreign body retrieval, and
thermal ablation.

Cancers in various organs can be now treated by using
these interventional techniques, and the number of cancer
patients treated by interventional techmiques is rapidly
increasing worldwide. For example, many patients with
hepatocellular carcinoma have transcatheter arterial chem-
oembolization and/or radiofrequency ablation now. If the
tumor size is not so large, renal cell carcinoma can be
completely cured by image-guided radiofrequency or cryo-
ablation. In the present decade, patients with stage 1 lung
cancer have been cured by CT-guided radiofrequency
ablation or by the use of microwave energy. Thus, the field
of interventional radiology in cancer treatment has been
enlarged. As a result, the concept of interventional oncol-
ogy has emerged, which means that an independent cate-
gory has appeared in interventional radiology.

In interventional oncology, physicians need to be skilled
not only in the use of interventional techniques and in the
diagnostic interpretation of images but to also have
knowledge of oncology and patient care. To improve the
level of evidence of the efficacy of interventional therapy
in cancer, well-designed prospective clinical studies should
be performed. The development of materials and devices
for interventional oncology continues to contribute to
improvements in the prognosis of cancer patients. Inter-
ventional therapy combined with chemotherapy and/or
radiotherapy may be one of the new strategies for cancer
treatment.
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