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radiation-induced liver damage (RILD). Several studies
have reported good treatment outcomes with either ste-
reotactic body radiation therapy (SBRT) or particle
therapy with or without TACE for HCC,*7 and experi-
ence with radiation therapy for HCC has increased
rapidly during the past decade.® These reports used
various methods, such as the Response Evaluation Cri-
teria in Solid Tumors (RECIST),” the World Health
Organization (WHO) response evaluation criteria,'® and
dynamic CT with or without tumor enhancement®
to evaluate tumor response. However, no significant
progress has been made in establishing a consensus
from the various studies that have evaluated the
response of HCC to SBRT or particle therapy. Further-
more, no detailed studies have reported the use of CT to
monitor tumor response after SBRT or particle therapy.
It is extremely important to record the CT appearance at
regular intervals to accurately evaluate tumor response
because HCC demonstrates changes with time after
SBRT.

The purpose of our study was to evaluate the dynamic
CT appearance of tumor response after SBRT in conjunc-
tion with TACE for HCC and to reconsider response
evaluation criteria for SBRT to determine treatment
outcomes.

METHODS

Patient background

ROM MARCH 2002 to December 2011, 73 patients

with 88 tumors underwent SBRT at our institution.
Our study included 59 patients with 67 tumors who
were analyzed using dynamic CT for more than 6
months after SBRT. There were 37 men and 22 women
with a median age of 71 years (range, 49-90), including
five patients with chronic hepatitis B and 47 patients
with chronic hepatitis C. Six patients simultaneously
underwent SBRT for two tumors each and two patients
each with a solitary tumor were treated at different
times. The inclusion criteria for curative SBRT were as
follows: (i) patients over 20 years of age; (ii) an Eastern
Cooperative Oncology Group Performance Status
(ECOG PS) of 0-2; (iii) Child-Pugh score A or B; (iv)
less than three HCC nodules, each up to 50 mm in
diameter, without portal venous thrombosis or extrahe-
patic metastases; (v) inoperable patients because of their
poor general condition or refusal of surgery; and (vi)
patients unsuitable for radiofrequency ablation (RFA)
because of tumor location (e.g. on the liver surface
and near the porta hepatis), invisibility of tumor on
ultrasonography or bleeding tendency. The exclusion
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criterion was presence of uncontrolled ascites. The
majority of patients had previously undergone surgery
or ablation therapies, and SBRT was recommended
when these options were limited by technical difficulties
or if the patient was inoperable or refused surgery. The
clinical characteristics of the patients including age, sex,
type of viral infection, Child-Pugh score, primary tumor
location and size, ECOG PS and previous treatments are
summarized in Table 1.

Hepatocellular carcinoma was diagnosed by its char-
acteristic appearance of early enhancement in the arte-
rial phase and hypodensity in the portal venous phase,
which was revealed in most of the patients using either
dynamic CT or angiography combined with CT.
However, for five patients in whom these CT appearance
were not observed, HCC was diagnosed histologically.

Treatment procedure

Before SBRT, 56 patients with 63 HCC underwent
TACE using iodized lipiodol (lipiodol). Anticancer che-
motherapies, such as epirubicin, cisplatin combined
with lipiodol (7-70 mg/body at a concentration of
10 mg/mL lipiodol) or miriplatin mixed with lipiodol
(20-80 mg/body at a concentration of 20 mg/mL lipi-
odol), administrated by injecting the drug into the
hepatic artery feeding a segment or subsegments of the
target tumor. The selected dose was based on tumor size
and liver function. A small amount of gelatin sponge
particles was used to induce embolization until the flow
through the feeding artery was markedly decreased. The
median time interval between TACE and SBRT was 1
month (range, 1-7). The interval was 1-2 months in
most of the patients, but was 6-7 months in four
patients. They were treated only with TACE because two
patients were elderly and had some complications, and
the other two patients wanted to be treated only with
TACE at first.

Stereotactic body radiation therapy was performed
using a 3-D conformal method in which a single high
dose is delivered to the tumor. A vacuum cushion (Vac-
Lok; CIVCO, Kalona, 1A, USA) was used to immobilize
the patient. Respiratory motion was evaluated using an
X-ray simulator. If respiratory motion was greater than
5 mm, it was coordinated by either voluntary breath-
holding using a spirometer or Abches (APEX Medical,
Tokyo, Japan), which is a device that allows the patient
to control the respiratory motion of their chest and
abdomen. Patients held their breath in the end-
expiratory phase because the interbreath-hold reproduc-
ibility of organ position in end-expiratory phase was
better than that in the end-inspiratory phase.!’ This
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Table 1 Patients background
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Age 49-90 (median, 71) Tumor size 3-54 mm (median, 19 mm)
Sex Tumor location

Male 37 patients S1 1 lesion

Female 22 patients S2 1 lesion
ECOG PS S3 4 lesions

0 55 patients S4 12 lesions

1 3 patients S5 8 lesions

2 1 patient S6 6 lesions
Type of viral infection §7 15 lesions

HBV 5 patients S8 20 lesions

HCV 47 patients Previous treatment

NBNC 7 patients Surgery 21 patients
Child-Pugh class RFA 17 patients

A 46 patients PEI 9 patients

B 13 patients TACE 56 patients
Child-Pugh score

5 33 patients

6 13 patients

7 8 patients

8= 5 patients

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC,
non-hepatitis B non-hepatitis C; PEI, percutaneous ethanol injection; RFA, radiofrequency ablation; TACE, transcatheter arterial

chemoembolization.

method was employed in 55 patients with 62 tumors.
The free-breathing method was used in two patients
with three tumors, and respiratory-gating using the Real-
time Position Management (RPM) system (Varian
Medical Systems, Palo Alto, CA, USA) was used in two
patients with two tumors. For simulation, dynamic CT
scans (Lightspeed QX/I; GE Medical Systems, Waukesha,
WI, USA), including non-enhanced and contrast-
enhanced scans, were performed in four phases, before
contrast enhancement, and arterial, portal and venous
phases. CT was performed using bolus injection of non-
ionic iodinated contrast material (100 mL at a rate of
3 mL/s). CT volume data in the arterial phase were
transferred to a 3-D treatment planning system (Pin-
nacle® ver. 9.0; Phillips Medical Systems, Fitchburg, WI,
USA). Gross tumor volume (GIV) was defined as the
volume of tumor containing the remains of lipiodol
used with TACE and from early enhancement in the
arterial phase of dynamic CT. A clinical target volume
(CTV) margin of 3 mm was usually added to GTV for
subclinical invasion. A planning target volume (PTV)
margin of 5-8 mm, which included the reproducibility
of respiratory motion and setup error to CIV, was
usually added. Eight non-coplanar ports were selected in
all patients, including four or five coplanar beams and

three or four non-coplanar beams in a direction that
avoided the stomach, intestine, gall bladder and spine, if
possible. The prescribed dose and fractionations were
60 Gy/eight fractions in 10 tumors, 50 Gy/five fractions
in five tumors, 40 Gy/four fractions in one tumor
and 48 Gy/four fractions in 51 tumors. Beams were
delivered using 6—10-MV photons of linear accelerator
{CLINAC 2300 C/D or iX; Varian Medical Systems, Palo
Alto, CA, USA) that delivered 600 monitor units/min so
that the duration of breath-holding could be 15 s or less
for each treatment field.

Evaluation

Follow-up dynamic CT was performed every 1-3
months after SBRT. Serum HCC-specific tumor markers
including o-fetoprotein were also investigated every 1-2
months. If the level of the tumor markers were increased
significantly, additional dynamic CT was performed.
Dynamic CT of the entire liver was performed using
multidetector row helical CT (16 channels, Light Speed
Ultra 16 or 64 channels, Light Speed VCT; GE, Milwau-
kee, WI, USA) with a 5-mm reconstructed slice width
and a 5-mm slice interval. The scanning parameters were
120 kV, Auto mA (noise index, 10), 5-mm section thick-
ness, 1.375 beam pitch, and a 0.7 or 0.4 rotation speed.

© 2012 The Japan Society of Hepatology

240



720 T. Kimura et al.

Images were obtained in four phases, which included
before-contrast enhancement, early arterial, late arterial
and portal venous phase after injection of 100 mL of
non-ionic iodinated contrast material at a rate of 4 mL/s
using an automatic injector. Hepatic arterial, portal
venous and equilibrium phase scans were performed for
15-17 s, 45-47 s and 145-147 s, respectively, after trig-
gering using an automatic bolus-tracking program. The
dynamic CT appearance was evaluated using a soft-
tissue window (level, 40 HU; width, 200 HU), and was
confirmed following a consensus between one of the
authors (T.K.) and two radiologists for each of the
67 tumors.

The dynamic CT appearance of tumor response and
the relationship between tumor appearance and clinical
features were evaluated from these results. In addition,
local treatment results, such as the local progression-
free survival rate (LPFS) and local control rate (LCR),
were compared based on several evaluation methods.
Treatment-related toxicities were evaluated by the
Common Terminology Criteria for Adverse Events
(CTCAE) ver. 4. 0.

Median follow up at the time of evaluation was 12
months (range, 6 —45).

Statistical methods

Univariate analysis using the Mantel-Haenszel yy>-test or
Student’s t-test and multivariate analyses using the logis-
tic regression test for comparison of statistical signifi-
cance were used. The LPFS and LCR were calculated
using the Kaplan-Meier method. All statistical analyses
were performed using StatMate for Windows (StatMate
ver. 4.01; ATMS, Tokyo, Japan). Statistical significance
was defined as P < 0.05.

RESULTS

Dosimetric factors

HE MEDIAN GTV and PTV were 2.9 cc {range,

0.2-38.8) and 27.5 cc (range, 5.5-132.6), respec-
tively. The median dose of PTV was 47.6 Gy (range,
39.4—60.0) and the median percentage of PTV dose rela-
tive to the isocenter dose was 98.5% (range, 95.6-
102.7%) which is considered to be good dose coverage
to PTV.

Dynamic CT appearance of tumor response

The dynamic CT appearance of tumor response was clas-
sified into the following four types: type 1, continuous
lipiodol accumulation without early arterial enhance-
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ment (26 tumors, 38.8%) (Fig. 1); type 2, residual early
arterial enhancement within 3 months after SBRT (17
tumors, 25.3%) (Fig. 2); type 3, residual early arterial
enhancement more than 3 months after SBRT (19
tumors, 28.4%) (Fig.3); and type 4, shrinking low-
density area without early arterial enhancement after
SBRT (five tumors, 7.5%) (Fig. 4). None of the tumors
increased in size during the follow-up period. Two
tumors (3.0%) demonstrated residual early arterial
enhancement for more than 6 months after SBRT;
however, most of these features disappeared within
6 months.

Relationship between the dynamic CT
appearance of tumor response and
clinical features

Table 2 presents the results of univariate analysis
between the dynamic CT appearance of tumor response
and clinical features, such as Child-Pugh class, sex, age,
total dose, PTV, tumor location, history of resection and
duration of initial treatment. P-value was defined as the
clinical factors in each type of dynamic CT appearance
as compared to those in the other types. The clinical
features of patients with each of the four types of
dynamic CT appearance were compared. Significant dif-
ferences were observed in Child-Pugh class for type 4,
sex for type 3, total dose and PTV for types 1 and 4,
history of resection for type 4, and duration of initial
treatment for type 2.

Table 3 presents the results of multivariate analysis
between the dynamic CT appearance of tumor response
and clinical features that showed significant differences
in univariate analysis. History of resection in type 1 was
the only significant factor in multivariate analysis.

Local treatment results

Figure 5(a,b) shows LPFS and LCR, respectively, based
on the evaluation criteria 1-3 (shown below). An event
was defined as local tumor progression and death in
LPFS and local tumor progression in LCR; death without
local tumor progression was censored. Evaluation crite-
ria were: (1) local tumor progression defined as growth
of an irradiated tumor and presence of a hypervascular
nodule adjacent to the treated area; (2) local tumor
progression defined as growth of an irradiated tumor,
residual early arterial enhancement for more than 3
months and presence of a hypervascular nodule adja-
cent to the treated area; and (3) local tumor progression
defined as growth of an irradiated tumor, residual early
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(c) After 6 months (d) After 9 months

Figure 1 Dynamic computed tomography appearance of tumor response type 1 (plain, arterial and portal phase in case 37). (a)
Before stereotactic body radiation therapy; (b) 2 months after; (c) 6 months after, and (d) 9 months after. Note the continuous
presence of dense lipiodol accumulation without early arterial enhancement in all phases (red arrow).

arterial enhancement for more than 6 months and pres-
ence of a hypervascular nodule adjacent to the treated
area.

Significant differences in LPFS were observed between
evaluations 1 and 2 and between evaluations 2 and 3
(P=0.0089 and 0.0242, respectively). Significant differ-
ences in LCR were observed between evaluations 1 and
2 and between evaluations 2 and 3 (P < 0.0001 and
0.0004, respectively).

We also evaluated the tumor response according to
the Response Evaluation Criteria in Cancer of the Liver
(RECICL)."* Type 1 and 2 were equivalent to complete
response (CR). Most type 3 tumors were also equivalent
to CR because residual early arterial enhancement dis-
appeared within 6 months. Two type 3 tumors demon-

strated residual early arterial enhancement for more
than 6 months after SBRT, however, the reduction rate
of these two tumors was more than 50%, equivalent to
partial response (PR). All five type 4 tumors were also
equivalent to PR because of its reduction rate of more
than 50%. From these results, response rate (CR + PR)
was 100% and CR rate was 89.6% (60/67 tumors)
according to RECICL in this study.

Treatment-related toxicities

None of the patients experienced new acute hematologi-
cal or physical toxicities of more than grade 3 after
TACE. However, seven patients (11.9%) developed
grade 3 toxicities, such as bilirubin and ascites eleva-
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(a) Before (b) After 1 month (c) After 3 months (d) After 5 months

Figure 2 Dynamic computed tomography appearance of tumor response type 2 (plain, arterial and portal phase in case 9). (a)
Before stereotactic body radiation therapy (SBRT); early arterial enhancement and partial residual lipiodol were observed (red
arrow). (b} One month after SBRT, early arterial enhancement was still present (red arrow). Hypodensity of this tumor changed in
the portal venous phase (two red arrows). (c) Three and (d) 5 months after SBRT, early arterial enhancement was no longer evident

and hypodensity changed (two red arrows). Residual lipiodol accumulation is still noted (red arrow head).

tions, and one and six patients were in Child-Pugh
classes A and B, respectively. None of the patients expe-
rienced RILD.

DISCUSSION

EVERAL AUTHORS HAVE reported the typical CT
appearance of RILD after SBRT; typical areas of high-
dose radiation reaction appear hypodense in most non-
enhanced scans and hyperdense in contrast-enhanced
delayed scans.’*!* These findings could be based on
the histopathological features of veno-occlusive disease
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(VOD), which was recognized as radiation injury to the
liver.">!¢ Olsen et al. described VOD with marked sinu-
soidal congestion and venous damage in two patients
who underwent exploratory surgery following SBRT."
Willemart etal. reported that the appearance of
hypodensity in the portal venous phase that becomes
hyperdense in the delayed phase could be explained
by decreased vascular perfusion and reduced hepatic
venous drainage with subsequent stasis of the contrast
medium.’ However, the appearance of a tumor
response in CT is different from that of RILD, and a
tumor response after SBRT has not been reported in
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Figure 3 Dynamic computed tomography appearance of tumor response type 3 (plain, arterial and portal phase in case 39). (a)
Before stereotactic body radiation therapy (SBRT), early arterial enhancement is visible (red arrow). (b) Two and (c) 6 months after
SBRT, early arterial enhancement is more evident than that before SBRT in arterial (red arrow) and portal phase (two red arrows).

(d) Eleven months after SBRT, although shrinking, it remains (red arrow).

detail. In this study, we classified the dynamic CT
appearance of tumor response into four types. Most
patients underwent TACE using lipiodol before SBRT
and demonstrated a combination of residual early arte-
rial enhancement with or without residual lipiodol.
Therefore, early arterial enhancement was a characteris-
tic dynamic CT finding for viable HCC, and the exist-
ence of residual early arterial enhancement after SBRT
may indicate residual or recurrent HCC histologically.
Evaluation of the relationship between the dynamic
CT appearance of tumor response and clinical features
showed that history of resection in type 1 was the

only significant factor in multivariate analyses. Sanuki-
Fujimoto et al. described the CT appearance of RILD
after SBRT and demonstrated that liver tissue with pre-
served function was more likely to be well enhanced in
the delayed phase of dynamic CT.** However, our analy-
sis of tumor response did not demonstrate a significant
relationship between Child-Pugh class and residual
early arterial enhancement observed in types 2 and 3.
Although RECIST and WHO criteria are widely used
to evaluate solid tumor responses to chemotherapy or
radiation therapy,”’® they may be inappropriate for
evaluating tumor response to locoregional therapies
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(c) After 6 months (dy After 12 months

Figure 4 Dynamic computed tomography appearance of tumor response type 4 (plain, arterial and portal phase in case 11). (a)
Before stereotactic body radiation therapy (SBRT), early arterial enhancement is visible (red arrow). (b) Two, (c) 6 and (d) 12
months after SBRT, hypodensity of the tumor changed and the tumor shrank without early arterial enhancement in arterial and

portal phase (two red arrows). Radiation-induced liver damage is visible around the tumor.

such as ablation therapies and TACE in most patients
with HCC because they only rely on tumor size reduc-
tion as a measure of effect and do not consider any
necrotizing effects or tumor blood flow. RECICL were
proposed by the Liver Cancer Study Group of Japan.'
This study group addressed these concerns by including
criteria that consider the biological characteristics of
HCC. Tumor necrosis is regarded as a direct effect of
treating a target tumor, and the dense accumulation
of lipiodol is regarded as necrosis. In addition, although
RECIST and WHO criteria do not specify the timing
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when overall treatment outcomes should be assessed,
RECICL suggests that the maximum response within 3
months for TACE or local ablative therapies and 6
months for radiotherapy should be regarded as the
overall treatment effects. Although the above criteria
should be kept in mind for ablative therapies, which
typically result in necrosis, most CT appearances after
SBRT in our study did not show obvious tumor necrosis.
In addition, RECICL may be inappropriate for the evalu-
ation of tumor response by SBRT because the healing
stage of ablative therapies and SBRT are different. The
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Table 2 Univariate analysis between the dynamic CT appearance of tumor response and clinical features

Typel P Type2 P Type3 P Typed4 P
Unit Uni Uni Uni

Child-Pugh class A 21 0.622 15 0.278 14 0.628 2 0.036
B 5 5 3

Sex Male 19 0.112 11 0.731 0.044 3 0.955
Female 7 11 2

Age >75 years 10 0.877 5 0.436 0284 1 0.405
<75 years 16 12 10 4

Total dose >48 Gy 4 <0.001 6 0.14 3 0.415 2 0.033
<48 Gy 22 11 16 3

Planning target volume >40 cc 3 0.024 4 0.719 6 5842 5 0.0001
<40 cc 23 13 13 0

Tumor location Peripheral 24 0.082 12 0.152 15 0.729 4 0.899
Central 2 5 4 1

History of resection + 10 0.877 6 0.842 5 0.242 4 0.04
- 16 11 14 1

Duration from first treatment ~ >12 months 13 0.134 14 0.038 10 0.366 4 0.37
<12 months 13 3 9 1

*P-value was defined as the clinical factors in each type of dynamic computed tomography (CT) appearance as compared to those in

the other types.

tUni: univariate analysis by the Mantel-Haenzel %>-test or Student's t-tests.

treatment results in our study were also different accord-
ing to the evaluation methods, such as RECICL and our
criteria including residual early arterial enhancement.
Several authors have reported treatment results of
SBRT or particle therapy for HCC and their evaluation
methods.*” Andolino et al. used RECIST to evaluate
tumor response after SBRT on the basis of tumor size.*

Takeda et al. reported that when no tumor enhancement
was detected within PTV on enhanced dynamic CT 6
months or more after SBRT, patients were considered to
have no relapse.® With regard to particle therapies, Fuku-
mitsu et al. defined local progression as growth of the
irradiated tumor or the appearance of new tumors
within the treatment volume after proton therapy.® In

Table 3 Multivariate analysis between the dynamic CT appearance of tumor response and clinical features

Type 1 P Type2 P Type3 P Typed P

Multit Multi Multi Multi

Child-Pugh class A 21 0.999 15 0.999 14 0.999 2 0.226
B 5 2 5 3

Sex Male 19 0.845 11 0.331 8 0.587 3 0.997
Female 7 6 11 2

Total dose >48 Gy 4 0.505 6 0.5 3 0.999 2 0.307
<48 Gy 22 11 16 3

Planning target volume >40 cc 3 0.333 4 0.981 6 0.869 5 0.996
<40 cc 23 13 13 0

History of resection + 10 0.028 6 0.056 5 0712 4 0.996
— 16 11 14 1

Duration from first treatment  >12 months 13 0.104 14 0.056 10 0.773 4 0.998
<12 months 13 3 9 1

*P-value was defined as the clinical factors in each type of dynamic computed tomography (CT) appearance as compared to those in

the other types.
tMulti: multivariate logistic regression analysis.
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Figure 5 Treatment results of stereotactic body radiation
therapy (SBRT) based on the different evaluation criteria. (a)
Local progression-free survival rate (LPFS) according to evalu-
ations 1-3. LPFS according to evaluation 2 was significantly
lower than that according evaluations 1 and 3. (b) Local
control rate (LCR) according to evaluations 1-3. LCR accord-
ing to evaluation 2 was also significantly lower than that
according to evaluation 1 and 3. CI, confidence interval; y,
years.

this study, no tumors showed enlargement during the
follow-up period, which should be included as a good
tumor response among the other criteria described
above. Takayasu et al. correlated histological and radio-
logical data and indicated that accumulation of lipiodol
within the tumor occurred primarily in areas of tumor
necrosis.'” They concluded that dense accumulation of
lipiodol was a reliable indicator of necrosis. Based on
our results, continuous dense accumulation of lipiodol
without early arterial enhancement after SBRT (dynamic
CT appearance, type 1) may also be included as a crite-
rion of tumor response. However, the optimal method
for evaluating early arterial enhancement after SBRT has
not been confirmed. In this study, residual early arterial
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enhancement for more than 3 or 6 months after SBRT
was observed in 19 (28.4%) and two lesions (3.0%),
respectively. According to our evaluation methods
(described above), residual early arterial enhancement
was regarded as local progression. However, most of
these findings that were noted for more than 3 months
after SBRT disappeared within 6 months. We also
observed shrinkage or disappearance of residual early
arterial enhancement for more than 6 months after
SBRT in two patients at 10 and 11 months. Our results
indicate that when residual early arterial enhancement
for more than 3 or 6 months was regarded as local
progression, the treatment results differed significantly,
especially when the treatment outcomes were assessed
as early as 3 months after SBRT, which may be too early.
Therefore, patient evaluation should be carefully per-
formed. If the treated tumors are not enlarged, tumor
markers are within the normal range, and residual early
arterial enhancement for more than 6 months is noted,
we recommend that an additional follow up should be
performed, at least 12 months after SBRT. Other modali-
ties should also be considered, such as gadoxetic acid-
enhanced magnetic resonance imaging (Gd-EOB-MRI[;
GE Healthcare, Chalfont St. Giles, UK) or enhanced
(Sonazoid; Daiichi Pharmaceutical, Tokyo, Japan) ultra-
sound (US) in these cases. However, in dynamic studies
of Gd-EOB-MRI' or Sonazoid US, appearances were
similar to CT; therefore, there were few hepatocytes or
Kupffer cells in the irradiated normal liver tissues,
including those of HCC. Thus, it may be difficult to
distinguish between tumor response and irradiated liver
damage.

We recommend the following criteria for the evalua-
tion of tumor response after SBRT with TACE based
on dynamic CT appearance: (i) no tumor enlargement;
(ii) continuous dense lipiodol accumulation; and (iii)
disappearance of early arterial enhancement for a
minimum of 6 months. However, tumors showing con-
tinuous residual early arterial enhancement should be
followed up and reassessed at 12 months if no tumor
enlargement is noted.

The dynamic CT scans used to study the effects of
SBRT with TACE for HCC tumors had 4 patterns of
response. Residual early arterial enhancement of a
tumor observed 3 months after SBRT should not be
considered a sign of tumor recurrence unless it persists
until 6 months. Early assessment within 3 months may
result in a misleading response evaluation.

Because of its retrospective nature, we are aware that
this study has certain limitations, such as the low
number of patients, extremely short follow-up periods,
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no pathological findings for the described types of CT
appearances and the effects of previous treatment. SBRT
can still be considered an alternative to surgery, ablation
and TACE when these therapies fail, and most of our
patients had undergone those therapies previously,
which possibly influenced the CT appearance of tumor
responses after SBRT. We are currently planning a pro-
spective study to address the points mentioned above.
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Summary

Target contouring for esophageal cancer

Tailor maid setting of target volume according to
the tumor location and invasion is essential for radio-
therapy planning of esophageal cancer, When contour-
ing the gross tumor volume and clinical target vol-
ume, estimation of microscopic invasion and subclini-
cal lymph nodes metastases and evaluation of clinical
validity is needed.

Muascahiro Kenjo

Department of Radiation Oncology
Hiroshimea University Graduate School
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Concurrent chemoradiotherapy is the standard treatment for
unresectable stage [l non-small cell lung cancer (NSCLC). The
long-term feasibility and efficacy of vinorelbine and cisplatin
with concurrent thoracic radiotherapy were investigated. Eigh-
teen patients received cisplatin (80 mg/m?) on day 1 and vino-
relbine (20 mg/m? in level 1, and 25 mg/m? in level 2) on days
1 and 8 every 4 weeks for four cycles in a phase | trial. Ninety-
three patients received the same chemotherapy regimen except
for the fixed vinorelbine (20 mg/m?) dosage and consolidation
therapy with docetaxel (60 mg/m?, every 3 weeks). The thoracic
radiotherapy consisted of a single dose of 2 Gy once daily to a
total dose of 60 Gy. A total of 111 patients were analyzed in
the present study: male/female, 91/20; median age, 60 years;
stage MHIA/IIB, 50/61; and squamous/non-squamous histology,
26/85. The 3-, 5-, and 7-year overall survival rates (95% Cl)
were 43.2% (33.9-52.2), 25.2% (17.6-33.5), and 23.2% (15.8-
31.4), respectively. The median progression-free survival and
median survival time (95% Cl) were 13.5 (10.1-16.7) months
and 30.0 (24.3-38.8) months, respectively. Four patients (4%)
experienced Grade 5 pulmonary toxicities from 4.4 to
9.4 months after the start of treatment. In conclusion, approxi-
mately 15% of patients with unresectable stage Il NSCLC could
be cured with chemoradiotherapy without severe late toxicities
after 10 months of follow-up. Although based on the data from
highly selected population participated in phase I and phase Il
trial, this analysis would strengthen and confirm the previous
reports concerning concurrent chemoradiotherapy with third
generation cytotoxic agents. (Cancer Sci 2013; 104: 93-97)

S tage III locally advanced non-small cell lung cancer
(NSCLC) accounts for 25-30% of all lung cancer
cases.""” Because of the equal frequency of local and distant
recurrences, the combination of systemic chemotherapy and
thoracic radiotherapy has been established as a standard of
care for patients with stage III NSCLC. ©) Concurrent chemora-
diotherapy is supenor to a sequentlal approach, as shown by
phase III trlals in stage III NSCLC.%

Ohe et al.® reported the long-term follow-up analysis of
concurrent chemoradiotherapy ~ with former generation
chemotherapy agents (median survival time 16.1 months, and
7-year overall survival rate 12.0%). Few researchers, how-
ever, have reported follow-up data of longer than 5 years
after concurrent chemoradiotherapy with third-generation
chemotherapy. The long-term safety and efficacy of vinorel-
bine and cisplatin with concurrent thoracic radiotherapy were
investigated.

doi: 10.1111/cas.12028
© 2012 Japanese Cancer Association

Materials and Methods

Study selection. Two previous studies were included in this
analysis. One was a phase I study of concurrent thoracic
radiotherapy with cisplatin plus vinorelbine, and the other
evaluated docetaxel consohdatlon therapy following concur-
rent chem01ad10therapy ) These studies were approved by
the institutional review board at each institution. Written,
informed consent was obtained from all participating
patients.

Patient selection. The two studies had similar -eligibility
criteria. They were: histologically or cytologically proven
NSCLC; unresectable stage IIIA or IIIB disease; no previous
treatment; measurable disease; tumor within an estimated irra-
diation field no larger than half the hemithorax; age between
20 years and 74 years; Eastern Cooperative Oncology Group
(ECOG) performance status O or 1; and adequate organ func-
tion, including bone marrow, liver, kidney, and lung. Patients
were diagnosed to have unresectable disease based on a
consensus of thoracic oncologists including surgeons in each
institution. The exclusion criteria were reported in previous
papers.®

Treatment schedule. In the phase I study, treatment consisted
of chemotherapy with four cycles of cisplatin and vinorelbine
(20 mg/m in level 1, and 25 mg/m in level 2) and concurrent
thoracic radiotherapy (see below). In the other study, treatment
consisted of a chemoradiotherapy portion with three cycles of
cisplatin and vinorelbine followed by a consolidation portion
with three cycles of docetaxel. Cisplatin (80 mg/m~) was
administered every 4 weeks by intravenous infusion for
60 min w1th 2500-3000 mL of fluid for hydration. Vinorelbine
20 mg/m? diluted in 50 mL of normal saline was administered
intravenously on days 1 and 8 every 4 weeks. All patients
received prophylactic antiemetic therapy consisting of a 5HT,-
antagonist and a steroid. In the docetaxel (60 mg/m?, every
3 weeks) consolidation trial, consolidation therapy was started
sequentially in patients whose general condition was accept-
able. Follow-up computed tomographies after chemoradiothera-
py were scheduled as follows; every 2—4 months during the
1 year, every 6 months in the 2 and 3 years, and every 1 year
thereafter.

Thoracic radiotherapy was delivered with megavoltage
equipment (>6 MV) using anterior/posterior opposed fields
up to 40 Gy in 20 fractions, including the primary tumor, the
metastatic lymph nodes, and the regional nodes. A booster
dose of 20 Gy in 10 fractions was given to the primary tumor
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and the metastatic lymph nodes for a total dose of 60 Gy using
bilateral oblique fields. Computed tomography (CT) scan-based
treatment planning was used in all patients. The clinical target
volume (CTV) for the primary tumor was defined as the gross
tumor volume (GTV) plus 1 cm taking into account subclinical
extension. CTV and GTV for the metastatic nodes (>1 cm in
the shortest dimension) were the same. Regional nodes,
excluding the contralateral hilar and supraclavicular nodes,
were included in the CTV, but the lower mediastinal nodes
were included only if the primary tumor was located in the
lower lobe of the lung. The planning target volumes for the
primary tumor, the metastatic lymph nodes, and regional nodes
were determined as CTVs plus 0.5-1.0-cm margins laterally
and 1.0-2.0-cm margins craniocaudally, taking into account
setup variations and internal organ motion. Lung heterogeneity
corrections were not used.

Toxicity assessment. Toxicities were graded according to the
National Cancer Institute (NCI) Common Toxicity Criteria ver-
sion 2.0 issued in 1998, and late toxicities associated with tho-
racic radiotherapy were graded according to the Radiation
Therapy Oncology Group/European Organization for Research
and Treatment of Cancer late radiation morbidity scoring
scheme.® Late toxicities were defined as those that occurred
or persisted 90 days after completion of radiotherapy. The
detailed methods of treatment modification due to toxicity
were reported in previous papers.”

Response evaluation. In the phase I trial, the objective
tumor response was evaluated according to the World
Health Organization (WHO) criteria issued in 1979.'® The
Response Evaluation Criteria in Solid Tumors were used to
evaluate obﬂ‘ective tumor response in the docetaxel consolida-
tion trial. """ Local recurrences were defined as tumor pro-
gression in the primary site and in the hilar, mediastinal,
and supraclavicular lymph nodes after a partial or complete
response; regional recurrence was defined as the develop-
ment of malignant pleural and pericardial effusions; and dis-
tant recurrence was defined as the appearance of distant
metastases.

Statistical analyses. Progression-free and overall survival
times were estimated by the Kaplan—Meier method, and confi-
dence intervals (CIs) were based on Greenwood’s formula.!'?
Progression-free survival time was measured from the date of
registration to the date of disease progression, death (from any
cause), or the last follow-up. Overall survival time was mea-
sured from the date of registration to the date of death (from
any cause) or to the last follow-up. Patients who were lost to
follow-up without an event were censored at the date of their
last known follow-up. A CI for response rate (RR) was calcu-
lated using methods for exact binomial CIs. To investigate the
association between survival and factors related to patient
characteristics, the Cox regression model was used. Potential
factors investigated were as follows: age (in 10-year incre-
ments), sex, body weight loss (<5.0% vs >5.1%), histology
(squamous cell carcinoma versus non-squamous cell carci-
noma), T factor (T1/2 vs T3/4), N factor (NO-2 vs N 3), and
stage (IIIA vs IIIB). The STATA 10 for Windows software
package (StataCorp LP, College Station, TX, USA) was used
for statistical analyses.

Results

Characteristics of the patients. From October 1999 to June
2003, 13 patients were registered at dose level 1 and five at
dose level 2 of the phase I study, and 93 patients were
enrolled in the docetaxel consolidation trial. Thus, a total of
111 patients were analyzed in the present study. The partici-
pants’ characteristics were as follows (Table 1): male/female
91/20; median age (range) 60 (31-74) years; body weight loss
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Table 1. Patients’ characteristics

Clinical trial
Phase | DTX Total
trialt consolidationt

Number of patients 18 93 111
Age (years)

Median 58.5 60 60

Range 48-69 31-74 31-74
Sex

Male 15 76 91

Female 3 17 20
Performance status

0 4 32 36

1 14 51 65

Unknown 0 10 10
Body weight loss (minus, %)

0 11 72 83

0.1-5.0 4 13

5.1- 3 11 14

Unknown 0 1 1
Clinical stage

A 9 41 50

1B 9 52 61
N factor

NO 0 6 6

N1 0 3 3

N2 11 58 69

N3 7 26 33
T factor

T1 1 18 19

T2 6 31 37

T3 7 13 20

T4 4 30 34

Unknown 0 1 1
Histology

Adenocarcinoma 14 57 71

Squamous cell carcinoma 3 23 26

Adenosquamous 1 0 1

Large cell carcinoma 0 6 6

NOS§ 0 6 6

Others 0 1 1

tThe phase I study of concurrent thoracic radiotherapy with cisplatin
plus vinorelbine. #The docetaxel consolidation therapy following
concurrent chemoradiotherapy study. §Non-small cell lung cancer not
otherwise specified.

<5.0%/ > 5.1% 96/14; stage IIA/IIB 50/61; and squamous/
non-squamous histology 26/85.

Treatment delivery. Full cycles (four in the phase 1 trial,
three in the docetaxel consolidation trial) of cisplatin and
vinorelbine and the full dose (60 Gy) of thoracic radiotherapy
were administered in 94 (85%) and 102 (92%) patients, respec-
tively. The delay in radiotherapy was less than 5 days in 74
(67%) patients. In the docetaxel consolidation trial, 59 (63%)
patients could enter the consolidation phase, and only 34
(37%) patients completed three cycles of docetaxel chemother-
apy, mainly because of toxicities. Of 91 patients with relapses,
27 (30%) received gefitinib as salvage treatments.

Objective tumor response and survival. The objective
response rate was 82.0% (95% CI, 74.5-89.1). The 3-, 5-, and
7-year progression-free and overall survival rates (95% CI)
were 21.0% (13.9-29.1), 15.7% (9.5-23.4), 14.4% (8.4-22.0),
and 43.2% (33.9-52.2), 25.2% (17.6-33.5), and 23.1% (15.7-
31.4), respectively (Fig. 1). The median progression-free sur-
vival and median survival time (95% CI) were 13.4 (9.8-16.4)
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Fig. 1. Progression-free survival (n = 111). The median progression-
free survival is 13.5 months (95% confidence interval [Cl] 10.1-16.7).

months and 30.0 (24.5-38.8) months, respectively (Fig. 2).
There was no significant difference in survival results between
subgroups; patients with or without docetaxel consolidation
and patients with or without gefitinib.

Pattern of relapse. Relapses were noted in 91 (82%) of 111
patients. Initial relapse sites were local alone in 39 (42%)
patients, regional alone in 5 (5%), and distant alone in 38
(41%), including 17 (18%) patients with brain metastases as a
sole recurrence site. Brain metastases were detected in 19
(21%) patients and were the most frequent sites of distant
metastases. Brain metastases were detected within 3 years of
initial treatment, and the last brain relapse was observed after
33 months of follow-up (Table 2). Three (3%) patients experi-
enced adrenal metastases as a first relapse site.

Late toxicities. Grade 1, 2, 3, and 5 late pulmonary toxicities
were observed in 18 (16%), 15 (13%), 3 (3%), and 4 (4%)
patients, respectively. Seventy-two (64%) patients did not
experience late pulmonary toxicities (Table 3). Four cases of
grade 5 pulmonary toxicity developed at 4.4, 59, 94, and
9.6 months, respectively, after the treatment started. Late
esophageal toxicities were observed in three patients (one
grade 1 and two grade 3).

Causes of death in long-term survivors. There were 67 (60%)
patients that survived 24 months or more from the initial treat-
ment. Among them, five patients died because of reasons other
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Fig. 2. Overall survival (n = 111). The median overall survival is
30.0 months (95% confidence interval [Cl] 24.3-38.6).

Horinouchi et al.

Table 2. Sites of initial relapse

Number of relapses

Site of recurrences

<1 year 1-3years >3years Total (%)

Local 16 21 2 39 (42)
Distant 23 12 3 38 (41)

Distant without brain 12 4 3 19 (21)

Distant including brain 1 1 0 2(2)

Brain only 10 7 0 17 (18)
Regional 3 2 0 5 (5)
Others (L/D/R)T 3 5 1 9 (10)
Unknown - - - 2(2)

tOthers includes 2 Local+Regional relapses, 6 Local+Distant relapses,
and 1 Local+Regional+Distant relapse.

Table 3. Late pulmonary toxicities§
Clinical trial

Toxicity grades Total (%)

Phase | trialt  DTX consolidationt
Without late toxicity 10 62 72 (64)
Grade 1 4 14 18 (16)
Grade 2 3 12 15 (13)
Grade 3 1 2 3(3)
Grade 4 0 0 0
Grade 51 0 4 4. (4)

tThe phase | study of concurrent thoracic radiotherapy with cisplatin
plus vinorelbine. ¥The docetaxel consolidation therapy following
concurrent chemoradiotherapy study. §Late toxicities were defined as
those that occurred or persisted 90 days after completion of
radiotherapy. fiThe Grade 5 pulmonary toxicities developed at 4.4,
5.9, 9.4, and 9.6 months after the treatment started.

than lung cancer. One patient was diagnosed as having pharyn-
geal cancer at the point of 35 months and died 4 months later.
Other than malignancies, community-acquired pneumonia (one
patient at 43 months), sudden death due to unknown etiology
(two patients at 41 and 42 months) and suicide (one patient at
29 months) were reported, respectively.

Predictive factors for survival. The associations between over-
all survival and patients’ characteristics (age [in 10-year incre-
ments], sex, body weight loss [ <5.0% vs >5.1%], histology
[squamous cell carcinoma versus non-squamous cell carci-
noma], T factor [T1/2 vs T3/4], N factor [NO-2 vs N 3], and
stage [IIIA vs I1IB]) were also examined using Cox regression
analysis. Age was significantly associated with survival (hazard
ratio [HR] 1.34, 95% CI 1.02-1.75, Table 4).

Discussion

Concurrent chemoradiotherapy has been established as a stan-
dard treatment for patients with unresectable locally advanced
NSCLC. The long-term feasibility and efficacy of vinorelbine
and cisplatin chemotherapy with concurrent thoracic radiother-
apy were investigated. The 3-, 5-, and 7-year overall survival
rates (95% CI) were 43.2% (33.9-52.2), 25.2% (17.6-33.5),
and 23.1% (15.7-31.4), respectively. Older age was associated
with poor survival on multivariate analysis (HR 1.34, 95% CI
1.02-1.75).

Two phase III trial examined the efficacy and safety of
newer generation cytotoxic agents in concurrent chemoradio-
therapy for patients with locally advanced NSCLC."*'* The
S-year survival rates (around 20%) were comparable to cur-
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