expression of HER2 and HIF-1« achieved 20-month OS rate
of 100% (P = 0.0032). This suggests that further studies of the
biological behavior of stage IIIb adenocarcinoma and the suc-
cessful production of molecular-targeted drugs are required.

Other factors, such as histopathology and OTT, had no
significant difference in prognosis. As for late morbidity,
only eight patients experienced Grade 2 or greater morbidity
(13.1%). This is considered acceptable.

In conclusion, the prognosis of stage IIIb adenocarcinoma
of the uterine cervix was poor. Higher radiation doses pre-
scribed to adenocarcinoma of the uterine cervix were not
correlated with better prognosis in this retrospective ques-
tionnaire survey. A prospective study should be conducted in
order to evaluate the precise significance of higher radiation
doses prescribed to patients with adenocarcinoma of the
uterine cervix.
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Zoledronic acid delays disease progression of bone
metastases from hepatocellular carcinoma

Yoshio Katamura,' Hiroshi Aikata,’ Yoshimasa Hashimoto,' Yuki Kimura,'
Tomokazu Kawaoka,' Shintaro Takaki,' Koji Waki," Akira Hiramatsu,' Yoshiiku Kawakami,’
Shoichi Takahashi,' Masahiro Kenjo? and Kazuaki Chayama'

'Department of Medicine and Molecular Science, Division of Frontier Medical Science, Programs for Biomedical
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Aim: We conducted a retrospective cohort study to investi-
gate the efficacy of combination therapy with radiotherapy
(RT) and zoledronic acid for bone metastases from hepatocel-
lular carcinoma (HCC). Additionally, we investigated the effi-
cacy of zoledronic acid for non-irradiated bone metastases.

Methods: This study consisted of 31 patients who had
received RT for bone metastases. Twelve of these patients
with 23 sites of bone metastases were also treated with
zoledronic acid (Z group). In the Z group, 14 sites received RT
and nine sites did not. Nineteen patients with 38 sites of bone
metastases were not treated with zoledronic acid (non-Z
group). In the non-Z group, 22 sites received RT and 16 did
not. We compared survival, pain response, time to pain pro-
gression, radiographic response, time to radiographic pro-
gression, and safety between groups.

Results: While pain response rates were similar between the
two groups, time to pain progression rates of irradiated and

non-irradiated bone metastases was significantly lower in the
Z (0% and 20% at 6 months, respectively) than in the non-Z
group (34% and 66% at 6 months, respectively) (P = 0.045 and
P =0.005). Further, while radiographic response rates were
similar between the two groups, time to radiographic pro-
gression rate of non-irradiated bone metastases was signifi-
cantly lower in the Z (29% at 3 months) than in the non-Z group
(91% at 3 months) (P = 0.009). No significant side-effects were
documented.

Conclusion: Zoledronic acid delayed the pain progression of
both irradiated and non-irradiated bone metastases and the
radiographic progression of non-irradiated bone metastases
from HCC.

Key words: bone metastases, hepatocellular carcinoma,
radiotherapy, zoledronic acid

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) remains

one of the most common cancers and causes of
cancer death worldwide.'? The development of diagnos-
tic techniques and advances in therapeutic modalities
has improved the control of HCC and the prognosis of
HCC patients.>® As a result, the incidence of diagnosed
extrahepatic metastases from HCC has gradually
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increased. It has been reported that bone is the second-
or third-most frequent metastatic lesion from HCC
and that 5.2-10.2% of HCC patients develop bone
metastases.*® Bone metastases cause intractable bone
pain, resulting in a marked deterioration in quality
of life.

Although radiotherapy (RT) provides effective pain
relief for bone metastases from HCC,”!' the persistence
of this pain relief remains unclear. In addition, the effect
of RT in inducing the radiographic shrinkage of bone
metastases and the persistence of this shrinkage is also
unclear. Thus, the use of RT alone for these metastases
may not be sufficient, and combination therapy with
other modalities may be warranted.

Recently, zoledronic acid (Zometa; Novartis Pharma,
Basel, Switzerland/Novartis Pharmaceuticals, East
Hanover, NJ, USA), a highly potent nitrogen-containing
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bisphosphonate, has been reported to show efficacy
against bone metastases from several solid tumors such
as breast carcinoma, renal cell carcinoma and lung
cancer.'?""* Although the use of zoledronic acid in the
treatment of bone metastases from HCC has also been
reported,'® bone metastases in this study were treated
with several concomitant therapeutic modalities,
namely sorafenib and chemotherapy, and the effective-
ness of zoledronic acid for bone metastases from HCC
thus remains unclear.

Here, we conducted a retrospective cohort study of RT
with or without zoledronic acid for bone metastases
from HCC. We investigated the additional effect of
zoledronic acid for irradiated bone metastases from
HCC. Further, because approximately half of the
patients had non-irradiated bone metastases without
pain or risk of spinal cord compression, we also inves-
tigated the effect of zoledronic acid alone for non-
irradiated bone metastases. Measurement variables
included pain response, radiographic response, time to
pain progression, time to radiographic progression and

safety.

METHODS

Patients and eligibility

HE STUDY WAS conducted under a retrospective

cohort design to elucidate the efficacy of zoledronic
acid for bone metastases from HCC. From January
2008, HCC patients with bone metastases from HCC
were treated with zoledronic acid in our institution.

Enrollment criteria were age more than 18 years,
Child-Pugh grade A or B, with bone metastases from
HCC and at least one site of bone metastases were
treated with RT. Concomitant therapies for intrahepatic
HCC (e.g. transcatheter arterial chemoembolization,
hepatic arterial infusion chemotherapy) were allowed.
Exclusion criteria were previous bisphosphonate
therapy, previous RT for bone metastases and concomi-
tant percutaneous radiofrequency ablation or cemento-
plasty for bone metastasis.

For patients treated with zoledronic acid, serum crea-
tinine level of 1.5 mg/dL or more, calculated creatinine
clearance (Cr Cl) of 30 mL/min or less, corrected serum
calcium level of 8 mg/dL or less and risk factors for
osteonecrosis of the jaw (e.g. uncontrolled gingivitis and
dental caries) were defined as exclusion criteria. In addi-
tion, for patients treated with zoledronic acid, concomi-
tant systemic chemotherapy was defined as an exclusion
criteria so that the efficacy of zoledronic acid avoided
becoming inarticulate.

© 2010 The Japan Society of Hepatology
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This study consisted of consecutive 31 HCC patients
with bone metastases. From June 2008 to December
2009, 12 consecutive patients treated with RT and
zoledronic acid were defined as the Z group. From May
2002 to June 2007, 19 consecutive patients treated with
RT were defined as the non-Z group.

All patients of the Z group were asked to provide
a written informed consent to this study, which
was approved by the Institutional Review Board of
Hiroshima University.

Diagnosis of HCC

Primary HCC was diagnosed by pathological examina-
tion or typical radiological findings {(hypervascular
tumor, diameter >2cm) and tumor marker
(o-fetoprotein [AFP] 2400 ng/mL). Bone metastases
were diagnosed by computed tomography (CT) or mag-
netic resonance imaging (MRI). Other primary malig-
nancies (e.g. gastric cancer, lung cancer, prostate cancer,
renal cell carcinoma, breast cancer) were excluded by
one or a combination of various imaging modalities,
endoscopic examinations, serological tumor markers or
pathological examinations.

Treatment protocol

Patients of the Z group received zoledronic acid by i.v.
infusion for 15 min at a dose of 3-4 mg depending on
creatinine clearance, namely more than 60 mL/min,
4 mg; 50-60 mL/min, 3.5 mg; 40-49 mL/min, 3.3 mg;
and 30-39 mL/min, 3 mg. Administration was repeated
every 4 weeks during survival period. Doses of 600 mg
of calcium and 400 IU of vitamin D were administrated
as daily supplements. All patients received RT for at least
one site of bone metastasis. In the Z group, administra-
tion of zoledronic acid and RT commenced simulta-
neously. RT was performed for bone metastases with
pain or the risk of spinal cord compression. A 3-D treat-
ment planning system (Pinnacle 3; ADAC, Madison, WI,
USA) was used for radiotherapy planning. Two or more
beams were assigned according to the site and extension
of the bone metastasis. The standard dose was 30 Gy
given in 10 fractions. Total and fractionation dose were
modified in consideration of the site and size of the
lesion and the patient’s condition. In case of spinal
canal invasion, 39 or 45 Gy was prescribed.

After commencement of RT with or without
zoledronic acid, analgesic was not increased unless pain
score turned worse to evaluate the effects of RT with or
without zoledronic acid for pain relief.
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Evaluation

Pain response

Pain response to therapy was defined using a visual
analog scale (VAS) and analgesic score.'®'®'” The
analgesic score was divided into phase 1 (non-opioid
analgesics: paracetamol and non-steroidal anti-
inflammatory drugs), phase 2 (non-opioid analgesic
combinations with weak opioids), phase 3 (strong
opioids, such as morphine) and phase 4 (non-oral
administration of opioids). A change from phase 1 or 2
to phase 3 or 4 was noted as an analgesic increase. If the
patient stopped using phase 3 or 4 analgesics, this was
noted as an analgesic decrease. Complete pain relief was
defined as a decrease in the initial pain score to zero on
the pain scale without concomitant analgesic increase;
partial pain relief as a decrease in the initial pain score
by at least 2 points without analgesic increase, or an
analgesic decrease without an increase in pain; progres-
sive pain as an increase in pain score without analgesic
increase, or an analgesic increase irrespective of pain
score; and stable pain as meeting neither partial nor
progressive pain criteria. Pain response was assessed
every month, and the best response of the irradiated
bone metastases was recorded, as was time to pain
progression of irradiated and non-irradiated bone
metastases. Because the pain score of most non-
irradiated bone metastases at the initiation of therapy
was zero, the pain response of these metastases could
not be assessed.

Radiographic response

Measurable bone metastases were assessed by radio-
graphic measurement. In accordance with the criteria
of the Response Evaluation Criteria in Solid Tumors
{RECIST) ver. 1.1,'8 lytic bone lesions or mixed lytic-
blastic lesions with identifiable soft tissue components
of more than 10 mm were considered as measurable
bone metastases.

Radiographic response of bone metastases to therapy
was assessed with contrast-enhanced CT or MRI at
2 montbhs after the commencement of therapy and every
3 months thereafter. A complete response (CR) was
defined as the disappearance of all existing bone
metastases and no appearance of any new metastases. A
partial response (PR) was defined as a decrease of at
least 30% in the sum of the longest diameters of
bone metastases and no appearance of any new bone
metastases. Progressive disease (PD) was defined as
an increase of at least 20% in the sum of the longest
diameters of bone metastases or the appearance of new
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metastases. Stable disease {SD) was defined as meeting
neither the PR nor PD criteria.

Safety

Adverse reactions were assessed weekly during treatment
using the National Cancer Institute Common Toxicity
Criteria (NCI-CTC) (ver. 3.0).

Statistical analysis

Differences between groups were examined for
statistical significance using the Mann-Whitney U-test,
logistic regression test and x’-test where appropriate.
Cumulative survival rate, time to pain progression
and time to radiographic progression were calculated
from the initial date of therapy for bone meta-
stases from HCC and assessed by the Kaplan-Meier
life-table method, with differences evaluated by the
log-rank test. Statistical significance was defined as a
P-value of less than 0.05. All analyses were performed
using the SPSS program (ver. 18, SPSS, Chicago, IL,
USA).

RESULTS

Patients

ASELINE CHARACTERISTICS OF patients of the

two groups are shown in Table 1. In the Z group,
five patients were administrated zoledronic acid 2-3
times, four were administrated 4-6 times and three
were administrated 7-10 times. Patients of the Z group
were older (P=0.02), but there were no differences
between the groups with regard to sex, Eastern Coop-
erative Oncology Group (ECOG) performance status
(PS)," etiology, Child-Pugh grade, AFP, des-y-carboxy
prothrombin (DCP), VAS score, analgesic score,
number of bone metastases, number of irradiated
bone metastases, radiation dose for one site of bone
metastasis, concomitant therapy for intrahepatic HCC,
concomitant systemic chemotherapy or duration of
observation period.

In the Z group, 14 bone metastases received RT and
nine did not. In the non-Z group, 22 bone metastases
received RT and 16 did not. In the Z group, three of 14
(21%) irradiated and three of nine non-irradiated
metastases (33%) were vertebral. In the non-Z group,
nine of 22 (41%) irradiated and seven of 16 (44%)
non-irradiated metastases were vertebral. For irradiated
bone metastases, non-irradiated bone metastases and
overall bone metastases, proportions of vertebral and

© 2010 The Japan Society of Hepatology
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Table 1 Clinical profile of patients with bone metastases from hepatocellular carcinoma treated with or without zoledronic acid

Z group Non-Z group P-value
Number of patients 12 19
Age (years)t 68 (52-87) 58 (40-76) 0.02
Sex (male/female) 12/0 16/3 0.27
PS (1/2) 9/3 17/2 0.35
Etiology (HBV/HCV/others) 0/9/3 6/11/2 0.08
Child-Pugh grade (A/B) 9/3 18/1 0.27

AFP (ng/mL)t

DCP (mAU/mL}+

VAS scoret

Analgesic score (phase 1/2/3/4)

Number of bone metastases per patient (1/2,3/4,5)

Total number of bone metastases

Number of irradiated bone metastases per patient (1/2,3)
Total number of irradiated bone metastases

Radiation dose for one site of bone metastasis (Gy)t

Concomitant therapy for intrahepatic HCC (TACE/HAIC/not performed}
Concomitant systemic chemotherapy (performed/not performed)
Number of administrations of zoledronic acid (2-3/4-6/7-10 times)

Duration of observation period (months)t

710 (5-194 700)
1776 (12-38 969)

5200 (13-24 1030) 0.21
200 (15-335 390) 0.70

4.5 (1-10) 4.0 (1-10) 0.74
6/1/5/0 8/1/10/0 0.82
6/4/2 11/4/4 0.75
23 38

11/1 16/3 1.0
14 22

30 (25-39) 39 (25-45) 0.15
5/4/3 6/6/7 0.76
0/12 5/14 0.13
5/4/3 -

3.8 (1.2-10.0) 4.2 (2.4-12.5) 0.47

tData are median values (range).

AFP, o-fetoprotein; DCP, des-y-carboxy prothrombin; HAIC, hepatic arterial infusion chemotherapy; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; PS, Eastern Cooperative Oncology Group performance status; TACE, transcatheter

arterial chemoembolization.

non-vertebral metastases did not statistically differ
between the two groups as shown in Table 2.

Among irradiated bone metastases, 13 of 14 bone
metastases in the Z group and 18 of 22 in the non-Z
group were measurable. The median value of the
maximum diameters of the tumors were 36 mm (range
21-53 mm) in the Z group and 32mm (range

12-90 mm) in the non-Z group, respectively. Among
non-irradiated bone metastases, seven of nine
metastases in the Z group and 12 of 16 in the non-Z
group were measurable. The median value of the
maximum diameters of the tumors were 15 mm (range
11-22mm) in the Z group and 13 mm (range
10-18 mm) in the non-Z group, respectively. There

Table 2 Sites of bone metastases from hepatocellular carcinoma treated with or without zoledronic acid

Z group (12 patients, 23 bone metastases)

Non-Z group (19 patients, 38 bone metastases) P-value

Irradiated bone Non-irradiated  Total Irradiated bone  Non-irradiated — Total

metastases bone metastases metastases bone metastases
Skull 2 0 2 2 1 3
Vertebra 3 3 6 9 7 16
Rib/sternum/scapula 6 4 10 6 4 10
Pelvis 3 1 4 2 4 6
Long bone 0 1 1 3 0 3
Vertebrae 3 (21%) 9 (41%) 0.29
Others 11 (79%) 13 (59%)
Vertebrae 3 (33%) 7 (44%) 0.69
Others 6 (67%) 9 (56%)
Vertebrae 6 (26%) 16 (42%) 0.28
Others 17 (74%) 22 (58%)

© 2010 The Japan Society of Hepatology
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Table 3 Size of bone metastases from hepatocellular carcinoma treated with or without zoledronic acid

Number of non- Number of Size of measurable P-value
measurable lesions measurable lesions lesions (mm)*
Irradiated bone metastases
Z group 1 13 36 (21-53)
Non-Z group 4 18 32 (12-90) 0.75
Non irradiated bone metastases
Z group 2 7 15 (11-22)
Non-Z group 4 12 13 (10-18) 0.20

tData are median values (range).

were no statistical differences between the two groups
(P=0.75 and P=0.20) as shown in Table 3.

Pain response of bone metastases from HCC

irradiated bone metastases

With regard to best pain response of irradiated bone
metastases, complete pain relief, partial pain relief,
stable pain and progressive pain were observed in six
(43%), eight (57%), zero (0%) and zero (0%) of
patients of the Z group, and in six (27%), 15 (68%), one
(5%) and zero (0%) of patients of the non-Z group,
respectively (Table 4). The pain response rates of the
two groups were thus similar.

Time to pain progression of bone
metastases from HCC

Irradiated bone metastases

In the Z group, pain progression of irradiated bone
metastases was not recorded. Cumulative pain progres-
sion rates of irradiated bone metastases for patients of
the non-Z group at 3 and 6 months were 19% and 34%,
respectively. Cumulative pain progression rates was sig-
nificantly lower in the Z group than in the non-Z group
(P = 0.045, Fig. 1a).

Non-irradiated bone metastases

Cumulative pain progression rates of non-irradiated
bone metastases for patients of the Z and non-Z groups

at 3 and 6 months were 0% and 20%, and 58% and
66%, respectively, and thus significantly lower in
patients of the Z group (P =0.005, Fig. 1b).

Radiographic response of bone metastases
from HCC

Irradiated bone metastases

With regard to best radiographic response of irradiated
bone metastases, PR, SD and PD were observed in six
(46%), seven (54%) and zero (0%) patients of the Z
group, and in seven (39%), nine (50%) and two (11%)
patients of the non-Z group, respectively (Table 5). The
radiographic response rates of the two groups were thus
similar.

Non-irradiated bone metastases

Among non-irradiated bone metastases, seven of nine
metastases in the Z group and 12 of 16 in the non-Z
group were measurable. With regard to best radio-
graphic response of non-irradiated bone metastases, SD
and PD were observed in five (71%) and two (29%)
metastases in patients of the Z group, and in zero (0%)
and 12 (100%) in the non-Z group, respectively. There
was a statistically significant difference in disease
control (CR, PR and SD) rates of non-irradiated bone
metastases between the two groups (71% vs 0%,
P =0.002, Table 5).

Table 4 Pain response of irradiated bone metastases from hepatocellular carcinoma treated with and without zoledronic acid

Number of Complete Partial pain  Stable Progressive ~ Response  P-value
bone metastases  pain relief  relief pain pain ratet
Irradiated bone metastases
Z group 14 6 (43%) 8 (57%) 0 0 100% 1.0
Non-Z group 22 6 (27%) 15 (68%) 1(5%) 0 95%

+Response rate = complete pain relief + partial pain relief/complete pain relief + partial pain relief + stable pain + progressive pain.

© 2010 The Japan Society of Hepatology
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Non-irradiated bone metastases

Cumulative radiographic progression rates of non-
irradiated bone metastases for patients in the Z and
non-Z groups at 3 months were 29% and 91%, respec-
tively, and thus significantly lower in the Z group
(P=0.009, Fig. 2b).

Performance status

No patient in the Z group and seven patients in the
non-Z group worsened of PS due to bone metastases.
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Cumulative PS worsening rate in the non-Z group at 3
and 6 months were 23% and 40%, respectively. Cumu-
lative PS worsening rates was significantly lower in the Z
group than in the non-Z group (P = 0.040).

Survival

At the end of the observation period, four patients in the
Z group were still alive and eight had died, whereas all
19 patients in the non-Z group had died. No patient in
the Z group died of bone metastasis-related disease,
whereas one patient in the non-Z group died of bone
metastases-related disease, namely respiratory failure
due to spinal compression by bone metastases.

Median survival time (MST) of patients of the Z and
non-Z groups was 6.0 months (95% confidence interval
[CI], 0.0-12.7 months) and 4.2 months (95% CI, 1.2-
7.2 months), respectively, while cumulative survival
rates at 3 months were 74% and 44%, and at 6 months
were 79% and 37%, respectively. There was no statisti-
cally significant difference in survival rates between the
two groups (P =0.72).

Safety

In the Z group, no renal adverse reactions, osteonecrosis
of the jaw or hypocalcaemia were observed during the
treatment, and no patient required discontinuation of
zoledronic acid due to adverse reactions.

DISCUSSION

N THIS STUDY, we evaluated the efficacy of

zoledronic acid in the treatment of bone metastases
from HCC by comparing the clinical course of patients
with bone metastases treated with or without zoledronic
acid. Results showed that this drug delayed pain pro-
gression in both irradiated and non-irradiated bone
metastases and delayed radiographic progression of
non-irradiated bone metastases from HCC.

Zoledronic acid, a new-generation nitrogen-
containing bisphosphonate, inhibits bone resorption by
preventing prenylation of GTPases, such as Ras, Rac
and Rho, which play key roles in regulating osteoclast
function and events in bone resorption, and ultimately
induces cell death in osteoclasts.*?' In addition,
because prenylation is required by all cells, zoledronic
acid inhibits the proliferation of and induces apoptosis
in human cancer cells.”? Although several studies have
shown the dinical effects of zoledronic acid against the
pain and tumor burden of bone metastases from several
malignancies,'*"' the effect of zoledronic acid for bone
metastases from HCC has remained unclear.
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Bone metastases from HCC cause intractable bone
pain, bone fracture, spinal cord compression and hyper-
calcemia, all of which result in a deterioration in quality
of life. RT has been widely used for the treatment of
these metastases, including approximately 60% of those
in the present patients. Although RT has been reported
to improve pain in painful bone metastases from HCC
in 72.7-99.5% of metastases,”!! the persistence of this
pain relief has been unclear. It has been reported bone
metastases from various solid tumors treated with RT at
24 Gy showed pain progression after initial pain relief in
47%." In the present study, while the pain relief rates of
irradiated bone metastases of both groups were similar,
the pain progression rate of irradiated bone metastases
was significantly lower in the Z than in the non-Z group
(P =0.045).

Bone metastases from HCC frequently occur as mul-
tiple metastases.*” Because RT for multiple lesions
elevates the risk of various adverse effects, such as bone
marrow suppression, gastrointestinal ulcers and derma-
titis, RT in these patients is generally initiated in those
lesions causing pain, or with the possibility of causing
spinal cord compression.'” In the present study,
approximately half of the bone metastases were not
irradiated. Interestingly, the pain progression rate of
non-irradiated bone metastases was significantly
lower in the Z group than in the non-Z group
(P =0.005).

Our results demonstrated the efficacy of zoledronic
acid in providing the persistence of pain relief of irra-
diated bone metastases. In addition, we showed that
pain progression of non-irradiated bone metastases
was restricted by zoledronic acid alone. However,
nearly all painful bone metastases in the present study
received RT, and most non-irradiated metastases
showed no pain. The efficacy of zoledronic acid alone
for pain relief is still therefore unclear, and further
studies are needed.

We also investigated the efficacy of zoledronic acid
with regard to the radiographic response of bone
metastases. Previous studies have reported a synergistic
effect of zoledronic acid combined with RT in a mouse
model,* and a significantly higher response rate of bone
metastases from renal cell carcinoma in patients treated
with RT plus zoledronic acid than in those treated with
RT alone (60% vs 8%, P=0.019).* In the present study,
in contrast, the response rates of irradiated bone
metastases of the Z and non-Z groups were similar (46%
vs 39%). The comparatively high response rate of bone
metastases treated with RT alone and small sample size
of our study might have confounded the additive effect
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of zoledronic acid on the shrinkage of bone metastases,
however, and these results should accordingly be inter-
preted with caution.

The local progression rate of bone metastases from
HCC at 6 months after RT has been reported as 53%.%
In the present study, while the radiographic progression
rate of irradiated bone metastases of the non-Z group at
6 months was 43%, radiographic progression of irradi-
ated bone metastases of the Z group was not observed.
The lack of a statistical difference (P=0.11) was likely
due to the small sample size. Although the radiographic
response rate of non-irradiated bone metastases of the Z
group was 0%, the disease control rate of non-irradiated
metastases of the Z group (71%) was higher than that of
the non-Z group (0%), with significance (P = 0.002). In
addition, the radiographic progression rate of non-
irradiated bone metastases of the Z group was lower
than that of the non-Z group (P = 0.009).

In previous studies, radiographic response rates of
bone metastases from lung cancer and renal cell carci-
noma, at 9% and 13%, respectively, were not improved
by zoledronic acid alone.'*'® Similarly, in the present
study, we could not confirm the effect of zoledronic acid
on the improvement of radiographic response rates.
However, our findings do demonstrate the potential of
zoledronic acid in delaying the enlargement of bone
metastases from HCC.

Safety profiles of zoledronic acid have been reported
for single use and in combination with RT.'*"*** In our
present study, we saw no significant adverse events in
combination use. Given the wide use of RT for bone
metastases from HCC, these safety profiles of combina-
tion therapy will be beneficial for HCC patients with
bone metastases.

In conclusion, our study showed that zoledronic
acid delays the pain progression of both irradiated and
non-irradiated bone metastases from HCC, and delays
the radiographic progression of non-irradiated bone
metastases.
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Abstract The locoregional recurrence of breast cancer is
not a sign of distant metastases, and a substantial propor-
tion of cases are cured by salvage therapy. Patients with
locoregional recurrence should not be treated with pallia-
tive intent as if they have visceral metastases. The rec-
ommended treatment for ipsilateral breast recurrence after
breast conservative therapy is a mastectomy. For patients
who suffer from isolated chest wall recurrence after
mastectomy, a surgical approach is recommended. Neo-
adjuvant chemotherapy is considered for patients with
unresectable disease in order to render the disease resect-
able. For patients with isolated chest wall recurrence who
have received no prior radiotherapy, postoperative radio-
therapy involving the chest wall and regional lymph nodes
is recommended. Patients with isolated axillary lymph
node recurrence should be treated with axillary dissection
or resection. Although the effectiveness of systemic ther-
apy for patients with locoregional recurrence is unclear,
there is a trend toward treating patients with supraclavic-
ular lymph node recurrence with radiotherapy plus sys-
temic therapy. Pain relief and the eradication of other
distressing symptoms resulting from inoperable disease are
achieved in two-thirds to three-quarters of patients by
radiotherapy with or without systemic therapy. New anti-
cancer agents and molecular target therapies should be
evaluated with the objective of improving the treatment
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outcome of patients with locoregional recurrence. A com-
bination of approaches is required for treatment of patients
with locoregional recurrence, and a multidisciplinary tumor
board should be organized at each institute.

Keywords Local recurrence - Lymph node recurrence -
Radiotherapy - Chemotherapy - Mastectomy

Introduction

Ten to thirteen percent of patients who receive breast
conservative therapy develop locoregional recurrence
within 10 years of their initial treatment, and three to eight
percent of patients who receive mastectomy plus postop-
erative radiotherapy will also develop locoregional recur-
rence [1]. The omission of postoperative radiotherapy
increases the risk of ipsilateral breast recurrence or chest
wall recurrence threefold. Ipsilateral breast recurrence after
breast conservative therapy sometimes occurs after more
than 10 years; however, approximately 80% of locore-
gional recurrences after mastectomy arise within the first
5 years [1-3]. The standard of care for locoregional
recurrence has not been clarified because of its heteroge-
neous biological characteristics and a lack of well-designed
prospective clinical trials. The authors have strived to
assess the effectiveness of treatment strategies developed
in previous studies.

Diagnosis and re-staging
The first step for choosing an appropriate treatment is

pathological evaluation of the recurrent disease, and fine
needle biopsy, core needle biopsy, and/or open biopsy can
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be used for this. The pathological subtype, histological
grade, expression of hormonal receptors, and human epi-
dermal growth factor receptor type2 (HER-2) over-
expression should be evaluated when choosing appropriate
treatment strategies for patients with recurrent disease.
Radiation-induced sarcomas in the chest wall appear at a
median of 10 years after postoperative treatment, but the
latency period varies. The next step is a staging evaluation.
Systemic disease can be carefully evaluated by using blood
tests, chest computed tomography (CT), abdominal CT,
pelvic CT, and radionuclide bone scans. Magnetic reso-
nance imaging (MRI), CT, and color Doppler ultrasonog-
raphy are useful for evaluating the extent of supraclavicular
and infraclavicular lymph node recurrence. Positron
emission tomography (PET) scans are performed increas-
ingly in clinical practice and are more sensitive than CT
and bone scans; however, meta-analysis of evaluation of
breast cancer recurrence demonstrated that the false posi-
tive rate of PET scans was relatively high (11%) [4]. The
clinical value of PET scans alone is not satisfactory, so
addition of other conventional imaging modalities is
required.

Prognostic factors

For patients with locoregional recurrence after breast
conservative therapy, disease-free interval (DFI) from the
initial treatment to recurrence is the most powerful pre-
dictive factor. The S-year survival rate of patients who
developed recurrence within 2 years of the initial treatment
was 65% and that of the patients who developed recurrence
after 2 years was over 80% [5]. Other poor prognostic
factors of mortality have been reported, for example age
(=60 years), the number of positive lymph nodes at the
initial treatment (four or more), primary tumor size
(>2 cm), histology (invasive cancer), and estrogen recep-
tor expression (negative) [6]. For patients with locoregional
recurrence after mastectomy, some tumor characteristics at
the diagnosis of recurrence, for example an operable tumor,
the absence of tumor necrosis, the recurrent site (chest wall
or axillary lymph node), a pT1-2NO primary tumor, and a
long DFI, are associated with a good treatment outcome
[7-9].

Schmoor et al. [9] reviewed 337 patients with locore-
gional recurrence among the 2,746 patients who received
conservative therapy or mastectomy in four prospective
studies of the German Breast Cancer Study Group. Multi-
variate analysis demonstrated that number of positive
lymph nodes, tumor grade, estrogen receptor, and DFI were
independent prognostic factors for progression-free sur-
vival after locoregional recurrence. They simplified the risk
strata and defined three risk groups:
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e low risk: primary node-negative status and a DFI of
more than 2 years;

e intermediate risk: primary node-positive status or a DFI
of more than 2 years; and

e high risk: primary node-positive status and a DFI of
less than 2 years (Table 1).

Although it excludes other prognostic factors, for
example age, tumor grade, recurrent site, and estrogen
receptor, this simplified prognostic index is a useful tool for
choosing treatment strategies in clinical practice and clin-
ical trials.

Recurrence after breast conservative therapy

Thirteen percent of patients who develop recurrence after
conservative therapy have locoregional recurrence alone,
30% have locoregional recurrence with distant metastases,
and another 57% have distant metastases alone [2].
Approximately 80% of patients with locoregional recur-
rence develop ipsilateral breast recurrence as the first site
[10, 11]. Recurrence in the ipsilateral breast includes two
different types of disease, true recurrence and second pri-
mary tumors. True recurrence occurs within the primary
tumor site or its vicinity, and second primary tumors occur
in other quadrants of the breast or have a different patho-
logical subtype [10, 12, 13]. However, some second pri-
mary tumors may occur in the same quadrant, and others
will have the same pathological subtype. Strict distinction
between true recurrence and second primary tumors is
difficult, and some investigators have distinguished
between them by using pathological subtype, location, and
deoxyribonucleic acid (DNA) flow cytometry [10, 12, 13].
True recurrence is associated with early development
(median interval: 3.7 vs. 7.3 years) and poor treatment
outcome (10-year overall survival: 55 vs. 75%) compared
with second primary tumors [12].

Table 1 Prognostic index for patients with locoregional recurrence
of breast cancer [9]

5-year PFS S-year OS
(95%CI) (95%CI)
Low risk
Node (—) and DFI =2 years 53% (41-64) 66% (55-77)

Intermediate risk

Node (+) or DFI >2 years
High risk

Node (+) and DFI >2 years

40% (31-49) 53% (44-62)

17% (9-25) 27% (17-36)

Node (—), primary node-negative status; DFI, disease-free interval
from initial treatment to recurrence; Node (+), primary node-positive
status; PFS, progression-free survival; OS, overall survival; 95%CI,
95% confidence interval
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Ipsilateral breast recurrence after breast conservative
therapy

More than 20% of evaluated mastectomy specimens of
ipsilateral breast recurrence after conservative therapy
revealed substantial residual disease in two or more
quadrants of the breast [14]. The generally recommended
treatment for ipsilateral breast recurrence after breast
conservative therapy is salvage mastectomy with or with-
out axillary dissection [3, 6, 14-17]. Approximately 90%
of the patients have operable recurrent tumors, and other
patients have inoperative tumors with diffuse infiltration or
inflammatory changes [11, 14-16, 18]. Most patients who
received salvage mastectomy achieved good local control,
and the 5-year overall survival rates after recurrence ranged
from 60 to 86% [5, 6, 12, 14, 18]. Patients who have
inoperative tumors involving diffuse infiltration or
inflammatory changes have a poor prognosis [19].

Less intensive salvage care for locoregional recurrence
has also been investigated. Several investigators have
reported the outcome of repeated conservative therapy
including partial breast resection with or without radio-
therapy after ipsilateral breast recurrence [16, 18, 20].
Salvadori et al. [18] reported the same overall survival in
patients who underwent re-conservative therapy (85%) and
patients who received salvage mastectomy (70%); how-
ever, second ipsilateral recurrence was more common in
the patients who received re-conservative therapy (19 vs.
4%). Galper et al. [16] reviewed 341 patients with local
recurrence after conservative therapy and reported that the
time to distant failure, second malignancy, or death of the
patients who received re-conservative therapy was worse
than that of the patients who received salvage mastectomy
(hazard ratio: 2.0, p = 0.02). Re-conservative therapy for
ipsilateral breast recurrence is not recommended. Sentinel
lymph node (SLN) biopsy is a less toxic tool, and the
experience of the Memorial Sloan-Kettering Cancer Cen-
ter demonstrated that SLN were identified in 55% of 117
patients who had undergone prior axillary dissection or
biopsy. Although SLN biopsy is available for some patients
who have undergone prior axillary dissection, further
studies are required [21].

Postoperative radiotherapy after salvage mastectomy is
used for patients with a positive surgical margin or mac-
roscopic residual tumor who have no history of breast
irradiation. Re-irradiation is associated with late adverse
effects such as tissue necrosis, fibrosis, and rib fractures.
There are no data supporting prophylactic regional lymph
node irradiation after salvage mastectomy for patients with
ipsilateral breast recurrence.

Only one randomized clinical trial has evaluated addi-
tion of tamoxifen (TAM) for patients who underwent
complete resection and postoperative radiotherapy [22].

Although the addition of TAM prolonged relapse-free
survival, 9-year overall survival did not improve. Le et al.
[23] reported that systemic chemotherapy and hormonal
therapy reduced the risk of death for premenopausal
patients, but did not reduce it for postmenopausal patients.
Cochran’s systematic review concluded that there was little
evidence to support the addition of systemic therapy for
patients with locoregional recurrence of breast cancer [24].
However, the addition of hormonal therapies is considered
to be reasonable in selected patients because of their lim-
ited toxicities [25].

Regional lymph nodes recurrence after breast
conservative therapy

Regional lymph node recurrence after breast conservative
therapy is relatively rare (0.5-6.3%) [6, 26, 27]. The most
common sites of regional recurrence are the axillary area
and supraclavicular fossa [28, 29]. The pooled analyses of
the National Surgical Adjuvant Breast and Bowel Project
studies demonstrated that the prognosis of patients with
isolated axillary lymph node recurrence was more favor-
able than that of patients with supraclavicular lymph node
recurrence, and the 5-year distant metastases-free survival
of the former was 31.5% whereas that of the latter was only
12.1% [6].

The experience of the MD Anderson Cancer Center was
that surgery for axillary recurrence achieved good local
control; however, the absence of radiotherapy or systemic
therapy from the multimodality treatment strategy did not
correlate with disease control or the frequency of distant
metastases [30]. Maximum axillary control is achieved
with an axillary dissection whenever feasible. Limited data
are available regarding postoperative regional lymph node
irradiation [28). Radiotherapy is indicated for patients who
undergo incomplete resection of axillary disease and
patients with supraclavicular lymph nodes metastases [29].
Although the role of systemic therapy has not been estab-
lished, there is a trend towards administering systemic
therapy to patients with supraclavicular lymph nodes
recurrence [17].

Fowble et al. [27] reported that none of their six patients
with isolated axillary recurrence subsequently developed
breast recurrence. They also concluded that isolated axil-
lary node recurrence without clinical or mammographic
evidence of ipsilateral breast recurrence does not require a
prophylactic mastectomy.

Recurrence after mastectomy

According to the pooled analysis of the Easton Cooperative
Oncology Group, locoregional recurrence developed in 420
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patients among 2,016 patients who received mastectomy
and adjuvant systemic therapy without postoperative
radiotherapy [31]. Among 254 patients without simulta-
neous distant metastasis, isolated chest wall recurrence was
found in 131 patients (52%), and locoregional recurrence
with or without chest wall recurrence was found in 123

patients (48%). One hundred and sixty-six patients
had locoregional recurrence and distant metastases
simultaneously.

Isolated chest wall recurrence after mastectomy

Maximum local control of isolated chest wall recurrence is
achieved with a wide excision whenever feasible [32-37].
Schwaibold et al. [36] reviewed 128 patients with isolated
locoregional recurrence and reported that the 5-year overall
survival and relapse-free survival rates of patients with a
long DFI, surgical resection, and locoregional control were
61 and 59%, respectively. However, this favorable sub-
group accounted for fewer than 20% of patients with iso-
lated locoregional recurrence. On the other hand,
aggressive surgery including extensive excision and
reconstruction using skin grafts leads to a reduced quality
of life, and, therefore, optimum treatment is achieved by
balancing the potential benefits of local treatment with its
adverse effects [38, 39]. If there is no clinical finding of
axillary lymph node involvement, a prophylactic axillary
dissection is unnecessary for patients who have undergone
prior complete axillary dissection. The identification of
SLN after prior axillary dissection is unlikely to be as
successful as prior SLN biopsy alone (38 vs. 74%,
p = 0.0002), and so SLN biopsy is not recommended for
patients who have undergone prior complete axillary
dissection {21].

Dahlstrom et al. [32] reported that 45% of patients had a
new local recurrence after wide excision plus a 3-cm
margin for isolated chest wall recurrence. In the study by
Mallinckrodt, the 5-year freedom from chest wall re-
recurrence of patients who received entire chest wall and
regional lymph node irradiation was 75%, and that of
patients who received small-field irradiation alone was
36% (p = 0.0001) [7]. Toonkel et al. [40] demonstrated
that postoperative radiotherapy including chest wall and
regional lymph node irradiation enhanced S-year overall
survival rates compared with chest wall irradiation alone
(54 vs. 27%). The three-field or four-field technique
including tangential chest wall fields and an en face
supraclavicular area field are usually applied, even if the
recurrent disease involves an isolated chest wall recurrence
[32, 34, 36, 40-42]. The optimum daily fraction size is 1.8
2.0 Gy, and should be delivered five times weekly. The
total dose administered to the initial field ranges from 45 to
50 Gy, with a boost of 10 to 20 Gy administered to areas of
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residual gross disease and the tumor bed. The biopsy scar
should be covered by the bolus in order to obtain the
optimum dose distribution [25]. In the MD Anderson
Cancer Center, all areas treated prophylactically receive
54 Gy in 27 fractions, and all areas to be boosted because
of microscopic disease receive an additional 12 Gy in 6
fractions [43].

A higher dose of definitive radiation for macroscopically
residual tumors is associated with less in-field failure
[7, 25]. It is difficult to obtain long-term local control in
patients with diffuse inflammatory disease or unresectable
disease. Neoadjuvant chemotherapy is considered for
patients with unresectable disease in order to render the
disease resectable, and radiotherapy is delivered after sur-
gery. There is little information about re-irradiation after
postoperative chest wall irradiation. Limited field re-irra-
diation using tailored conformal therapy techniques and
concurrent chemoradiotherapy and/or twice daily frac-
tionation regimens have been tested for patients with
inoperative recurrent disease who had previously received
radiotherapy {44, 45]. Re-irradiation of limited volumes
with limited radiation doses can result in meaningful
palliation for some patients.

Regional lymph nodes recurrence after mastectomy

Willner et al. [34] analyzed 145 patients with first locore-
gional recurrences after mastectomy and reported that the
5-year survival rate was better for patients with recurrences
confined to the axillary lymph nodes (50%) than for those
with recurrence confined to the supraclavicular lymph
nodes (28%) or combined chest wall and axillary recur-
rences (28%). The S-year survival rate of patients with
supraclavicular lymph nodes recurrence and chest wall
and/or axillary lymph nodes recurrence was only 5%.

Axillary lymph node recurrence after mastectomy

Axillary lymph node recurrence is rare after complete
axillary dissection. Regional lymph node control for
patients who receive axillary dissection after axillary
recurrence is better than that for patients who receive
radiotherapy alone [42]. Whenever feasible, a complete
axillary dissection (Level I and II) is indicated for patients
who have undergone prior SLN biopsy alone, and gross
tumor resection is considered for patients who have
undergone prior complete axillary dissection. Although the
role of postoperative radiotherapy after salvage surgery is
unclear, postoperative radiotherapy is used for patients who
have not undergone prior axillary irradiation in some
institutes [33, 34, 42, 46]. Radiotherapy should be con-
sidered for patients with incompletely resected disease or
inoperable disease. The risk of symptomatic arm edema
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after axillary dissection or axillary irradiation alone ranged
from 4 to 8%; that after complete axillary dissection fol-
lowed by radiotherapy was 36%, however [47].

Supraclavicular lymph node recurrence after mastectonmy

Chen et al. [48] reviewed 63 patients with isolated supra-
clavicular lymph node recurrence among 3,170 breast
cancers and reported that their 5-year survival rate was
33.6% and that surgical removal of the supraclavicular
lymph nodes was associated with good overall survival
after recurrence (p = 0.03). Although a surgical approach
for supraclavicular lymph node recurrence is feasible, the
clinical benefit of a surgical approach is believed to be
small, because of the high frequency of local and distant
relapse [49]. '

The clinical complete response rate for radiotherapy
with or without chemotherapy ranged from 85 to 94%, the
median time to progression was 28 months, and the 5-year
overall survival rate after recurrence ranged from 21 to
35% [34, 46, 50]. Pergolizzi [51] compared 18 patients
who received six-cycle chemotherapy alone with 19
patients who received initial three-cycle chemotherapy
followed by involved-field radiotherapy and demonstrated
that the local control of the former patients was worse
than that of the latter patients (13 patients vs. 18 patients)
and that the 5-year disease-free survival rate of the former
was worse than that of the latter (5.5 vs. 21%, p = 0.01).
Although there are no data supporting the use of systemic
therapy for patients with locoregional recurrence, there is a
trend toward the application of systemic therapy especially
for patients with supraclavicular recurrence [23, 24,
34, 46).

Tumor infiltration of the brachial plexus induces
shoulder pain, sensory changes in the fingers, and weakness
and atrophy of the upper limbs. Radiation therapy is an
effective local therapy for obtaining local control and
avoiding distressing symptoms. Doses of 30-50 Gy are
applied in 10-25 fractions over 2-5 weeks, and pain relief
and the eradication of other distressing symptoms were
achieved in more than two-thirds of patients {46, 50, 52].
Doses of 40 Gy or more were better at improving the
distressing symptoms caused by supraclavicular lymph
node metastases than those of less than 40 Gy (92 vs. 55%)
[52].

New challenge

The 5-year overall survival rates of patients with ipsilateral
breast or chest wall recurrence with simultaneous regional
lymph node recurrence range from 7 to 24% [6, 34, 46].
Although systemic therapy has been commonly applied for

patients with locoregional recurrence, the clinical benefit of
systemic therapy including anthracycline-based and meth-
otrexate-based regimens is uncertain. The clinical data
regarding taxane-based regimens and molecular-targeted
therapies, for example trastuzumab and lapatinib, should be
evaluated using prospective trials, and a pilot study using
hyperfractionated accelerated radiotherapy with or without
systemic therapy has been conducted [44]. Additionally,
patients with diffuse inflammatory disease and unresec-
table disease have an unfavorable prognosis. The optimum
treatment for unresectable diffuse inflammatory recurrent
disease needs to be established.

Locoregional recurrences of breast cancer have hetero-
geneous biological characteristics, and it is difficult to
choose an appropriate treatment for each patient. Pro-
spective clinical trials integrating adequate prognostic
indices should therefore be conducted to define stan-
dard salvage treatment for patients with locoregional
recurrence [9].

Conclusion

The optimum treatment for patients with locoregional
recurrence requires a combination of modalities, and a
comprehensive multidisciplinary treatment approach is
essential. A multidisciplinary tumor board for breast cancer
should be organized at each institute in order to propose an
appropriate treatment for each patient.
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ARTICLE INFO ABSTRACT

Background and purpose: Methods for predicting acute swallowing dysfunction in patients with head and
neck cancers undergoing definitive chemoradiotherapy have not been established. We investigated the
validity of the Total Dysphagia Risk Score (TDRS) as a predictive measure for this morbidity.
Materials and methods: Forty-seven patients with head and neck cancers who underwent definitive che-
moradiotherapy between December 1998 and March 2006 were reviewed retrospectively. Median age
was 63 years (range, 16-81). Almost all patients underwent platinum-based concomitant chemoradio-
therapy. Factors of the TDRS were as follows: T-classification, neck irradiation, weight loss, primary
tumour site and treatment modality. Patients were classified into three risk groups according to the TDRS.
Results: Swallowing dysfunction was observed in 27 patients (57%) as RTOG grade 2 or higher acute mor-
bidity. This classification was significantly associated with grade 2 or higher acute swallowing dysfunc-
tion (P < 0.001). In ROC (receiver operator characteristic) analysis, the cut-off value of TDRS was set at 18
(sensitivity = 0.81; specificity = 0.85). Prediction of severe (grade > 3) acute swallowing dysfunction was
similarly obtained.
Conclusion: The TDRS is a useful tool to predict acute swallowing dysfunction induced by chemoradio-
therapy for head and neck cancers.
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Definitive chemoradiotherapy is now a widely accepted treat-
ment option for patients with head and neck cancers. In recent
years, it has been revealed that addition of concomitant chemo-
therapy to radiotherapy not only improves the outcome but also
increases toxicity of the treatment. Rosenthal et al. reported that
40-70% of patients undergoing concomitant chemoradiotherapy
for head and neck cancers experienced severe mucositis and
50-80% required feeding tube placement during the course of ther-
apy [1]. Severe swallowing dysfunction arising during the course of
therapy reduces the patient’s quality of life and adversely affects
their physical condition. Prediction of this morbidity may facilitate
prophylactic intervention and prevention of these adverse effects
[2], but accurate predictive methods have not been established.

Recently, Langendijk et al. advocated a simple measure desig-
nated as the Total Dysphagia Risk Score (TDRS) to predict swallow-
ing dysfunction after curative radiotherapy for head and neck
cancers [3]. They also reported that this predictive model could
also be adapted for acute morbidity. Here, a retrospective review
of patients with head and neck cancers who underwent definitive
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Asahi, Matsumoto 390-8621, Japan.
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chemoradiotherapy in our facility was performed to investigate the
validity of the TDRS as a predictive measure for acute swallowing
dysfunction in these patients.

Materials and methods

Between December 1998 and March 2006, 47 patients with
head and neck cancers underwent definitive chemoradiotherapy
at our facility. The patients’ characteristics are shown in Table 1.
In our facility, definitive chemoradiotherapy is usually performed
in patients with good performance status, with no distant metasta-
sis and 75 years old or less.

All except two patients underwent platinum-based concomi-
tant chemoradiotherapy; the two exceptions were treated by
radiotherapy and docetaxel-alone chemotherapy, respectively.
Various chemotherapy regimens were adopted (Table 2). As we
had been searching for the optimal chemotherapy regimen for sev-
eral years and the method of therapy had consequently changed
over that time, the chemotherapeutic agents used in the cases in-
cluded in the present study were heterogeneous. The cumulative
dose of cis-diamminedichloroplatinum (cisplatin) ranged from
80 mg/m? to 300mg/m? (median, 100 mg/m?). 5-Fluorouracil
(5-FU) was administered to 43 patients. The cumulative dose of
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Table 1
Patient characteristics.

Characteristics Number of patients

Gender Male 41
Female 6
Age 16-81 (median: 63)
Performance status 0 44
=1 3
T-classification T2 24
T3-T4 23
Stage I 20
1 6
v 21
Primary site Larynx 18
Oropharynx 11
Nasopharynx 7
Hypopharynx 7
Nasal cavity 2
Oral cavity 2
Histology Squamous cell carcinoma 47
Chemotherapy Platinum-based 45
Docetaxel alone 2
Radiation schedule Conventional fractionation 41
Hyperfractionation 6
Neck irradiation Local or unilateral 20
Bilateral 27
Weight loss (baseline)  No weight loss 36
1-10% 10
>10% 1
Table 2
Chemotherapy regimens.
Chemotherapy agents Number of
patients
Cisplatin (10 mg/m? on days 36-40, 43-47)+ 5-FU 26
(400 mg/m? on days 36-40, 43-47)
Cisplatin (50 mg/m? on days 6-7, 41-42, 71-72) 9
+5-FU (800 mg/m? on days 1-5, 36-40, 43-47)
Cisplatin (80 mg/m? on day 29) + 5-FU (400 mg/m? on 5
days 29-33)
Others 7

5-FU ranged from 2000 mg/m? to 12,000 mg/m? (median 4000 mg/
m?).

In radiation therapy, casts for immobilisation and a photon
beam of 4 MV were used in all patients. The fraction size was
1.5-2.0 Gy. The total dose of radiation therapy ranged from 50-
.70 Gy, and the median dose was 70 Gy. As various treatment pro-
tocols with different fraction sizes and total doses had been used in
our facility, we also calculated the biologically effective dose (BED)
in a linear-quadratic model [4]. BED was defined as nd(1 + d/o/B),
with units of Gy, where n is the fractionation number, d is the daily
dose and o/p was assumed to be 10 for tumours and acute toxicity.
The BED ranged from 60 to 84 Gy (median 84 Gy). Forty-one pa-
tients received a once-daily fractionation schedule and six patients
were treated with a partially accelerated hyperfractionation sche-
dule. In this schedule, patients initially received 40 Gy in once-dai-
ly fractionation with a fraction size of 2 Gy. Subsequently, radiation
field size was reduced to avoid the spinal cord and 30 Gy was
added in twice-daily fractionation with a fraction size of 1.5 Gy.
Lateral opposing portals alone or lateral opposing and anterior por-
tals (3-field approach) were used according to the individual tu-
mour spread. Stage Il disease was usually treated by locally
confined portals. The whole (bilateral) neck was usually included
in the treatment of stage IlI-IV disease initially. The spinal cord
was usually avoided by cone-down field reduction after adminis-
tration of 40 Gy. CT images for radiation dose distribution were at-
tained in 14 patients. None of the patients underwent intensity-

modulated radiation therapy. Overall treatment time ranged from
31 to 109 days (median, 50 days).

Morbidity was retrospectively assessed using medical records,
and scored by the Radiation Therapy Oncology Group (RTOG)
Acute Radiation Morbidity Scoring Criteria [5]. In these criteria,
grade 2 swallowing dysfunction is defined as moderate dysphagia
and/or odynophagia, which may require narcotic analgesics and/or
pureed or liquid diet. Grade 3 is defined as severe dysphagia or
odynophagia with dehydration or weight loss requiring naso-gas-
tric feeding tube, intravenous fluids or hyperalimentation. The
TDRS is a summation of the following risk points: T-classification
(T3 =4 points; T4 = 4 points), neck irradiation (bilateral neck irra-
diation = 9 points), weight loss (1-10% = 5 points; >10% = 7 points),
primary tumour site (oropharynx=7 points; nasopharynx=9
points) and treatment modality (accelerated radiotherapy =6
points; concomitant chemotherapy = 5 points). The definition used
in this study was identical to that of Langendijk et al. [3]. In the
present study, patients who underwent partially accelerated radi-
ation therapy were not allocated to 6 points. Accordingly, the risk
points of treatment modality were set at 5 in all patients. The pa-
tients were divided into a low risk group (TDRS = 0-9), intermedi-
ate risk group (TDRS = 10-18) and high risk group (TDRS > 18).

Statistical analyses were performed using the y? test, and
P < 0.05 was taken to indicate statistical significance. ROC (receiver
operator characteristic) curves were also plotted to evaluate the
predictive capability of TDRS for grade 2 or higher acute swallow-
ing dysfunction.

These analyses were performed using the statistical software
JMP version 5.1.1 (SAS Institute Inc., Cary, NC, USA).

Results

Grade 2 or higher swallowing dysfunction was observed in 27
patients (57%) as an acute morbidity. Of those, severe (grade > 3)
dysfunction occurred in 22 patients (81%). The results of classifica-
tion into three risk groups according to TDRS and the relationship
between the risk groups and RTOG grade are shown in Table 3. This
classification was significantly associated with both grade > 2 and
grade > 3 acute swallowing function. The ROC curve was plotted to
evaluate the prediction capability of TDRS for grade > 2 acute swal-
lowing dysfunction (Fig. 1). The cut-off value was set at 18 (sensi-
tivity = 0.81; specificity = 0.85), which was consistent with the
borderline between the intermediate and high risk groups. Accu-
racy for prediction was moderate (area under the curve = 0.80). Al-
most the same accuracy was obtained when grade > 3 acute
swallowing dysfunction was defined as positive (area under the
curve = 0.83). The cut-off value was also set at 18 (sensitiv-
ity = 0.86; specificity = 0.76).

The median duration of severe (grade > 3) swallowing dysfunc-
tion was 53 days (range, 21-142 days). To manage the severe swal-
lowing dysfunction, total parenteral nutrition was usually adopted
at our facility. Enteral feeding was not usually adopted. Seventeen

Table 3
Relationships between the three risk groups and grading of swallowing dysfunction in
RTOG Acute Radiation Morbidity Scoring Criteria.

Risk groups Total RTOG grade

0-1 >2 >3
Low 16 13 (81%) 3(19%) 1(6%)
Intermediate 9 4 (44%) 5 (56%) 4 (44%)
High 22 3(14%) 19 (86%) 17 (77%)
Total 47 20 (43%) 27 (57%) 22 (47%)

The differences were statistically significant (P < 0.001; degrees of freedom = 2) in
both grade > 2 and grade > 3 acute swallowing dysfunction.
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Fig. 1. ROC (receiver operator characteristic) curve to evaluate the prediction
capability of the TDRS for grade 2 or higher acute swallowing dysfunction.

patients required total parenteral nutrition. No patients in the low
risk group and three patients (33%) in the intermediate risk group
required this procedure. In contrast, 14 patients (64%) in the high
risk group required this procedure. Median duration of hospitaliza-
tion after termination of treatment in the low, intermediate,
and high risk group was 15 days (range, 1-31), 26 days (range,
7-117) and 41 days (range, 17-77), respectively.

Discussion

Cisplatin-based chemoradiotherapy for locally advanced head
and neck cancers is now widely recognised as a standard form of
therapy for patients with locally advanced disease, although con-
siderable clinical problems remain to be resolved. This can be a
rather toxic form of therapy despite using non-surgical modalities
|6]. Swallowing dysfunction caused by the therapy sometimes be-
comes severe, and this is one of the largest obstacles in conducting
concomitant chemoradiotherapy for head and neck cancers. Few
previous studies have addressed this issue [7], but some reports
mentioned that more than half of the cases required enteral feed-
ing temporarily [8], and about 20% required long-term enteral
feeding [1]. Nguyen et al. reported that aspiration was frequently
observed during the course of therapy, sometimes leading to fatal
aspiration pneumonia [9,10]. Swallowing dysfunction leads to mal-
nutrition, which causes body weight loss during the course of ther-
apy. This results in not only physical damage for the patients, but
also worsening of the clinical outcome [11]. Body weight loss also
causes dosimetric problems. The risk of delivering an inadequate
radiation dose to the target volume and critical structures may
arise if coordinated replanning is not performed during the course
of the therapy, especially when using highly conformal methods
[12].

As mentioned above, care must be taken regarding swallowing
dysfunction during concomitant chemoradiotherapy for head and
neck cancers and appropriate measures should be taken to allevi-
ate secondary averse effects, such as aspiration or body weight
loss. Nutritional support is a high priority issue in the management
of these patients. Enteral feeding is generally the preferred method
[13]. However, total parenteral nutrition was usually adopted in
our facility. This might be due to preference of the attending phy-
sicians who were also in charge of the management of chemora-

diotherapy for oesophageal cancers. Another part of the reason
might be that healthcare system in our district has not strictly reg-
ulated this procedure.

As a measure for enteral feeding, percutaneous endoscopic gas-
trostomy (PEG) tube placement is one of the most effective inter-
ventions. Prophylactic PEG tube placement has been recognised
as a beneficial approach for ameliorating the nutritional status of
these patients [2]. Although a relatively safe procedure, PEG place-
ment is invasive and this may leads to critical complications [14].
Therefore, it is not reasonable to place a PEG tube in all patients,
and a selection index to identify patients requiring prophylactic
PEG tube placement is urgently needed [2]. Several studies have
addressed risk factors for severe swallowing dysfunction in radio-
therapy for head and neck cancers. Manger et al. argued that clin-
ical stage, general condition and history of smoking may be risk
factors for severe dysphagia in chemoradiotherapy for head and
neck cancers [8]. Poulsen et al. suggested that irradiated volume
of the pharyngeal mucosa and musculature are strongly related
to the swallowing toxicity in radiotherapy alone for head and neck
cancers [15]. Other factors such as primary site or combined
modality were also described as risk factors [2], but there is no
comprehensive index in the literature. The Total Dysphagia Risk
Score (TDRS) proposed by Langendijk et al. is a predictive model
for swallowing dysfunction after curative treatment for head and
neck cancers [3]. As this model was derived from data regarding
late radiation morbidity, it is intended for prediction of late swal-
lowing dysfunction. However, this simple model may also be use-
ful for predicting acute morbidity, as suggested by Langendijk et al.
The results of the present study indicated that TDRS is a valid mea-
sure for predicting acute swallowing dysfunction in patients with
head and neck cancers undergoing definitive chemoradiotherapy.
The TDRS was applicable despite the differences in patient charac-
ters and method of therapy. Thus, the TDRS may become an inter-
national index to predict swallowing dysfunction. Initially, validity
of the TDRS for predicting grade 2 or higher acute swallowing dys-
function was set as the endpoint of the present study. This was due
to the fact that the TDRS was defined as a measure to predict RTOG
grade 2 or higher swallowing dysfunction. However, more than
80% of the morbidity in patients with experienced grade 2 or high-
er swallowing dysfunction was severe (grade > 3) in the present
study. Then, we set validity of the TDRS for predicting severe acute
swallowing dysfunction as another endpoint of this study. ROC
analysis in our study suggested that severe acute swallowing dys-
function may be similarly predictive. These observations suggest
that the TDRS could be a predictive tool for severe swallowing dys-
function. Thus, the TDRS would allow selection of the patients
most likely to benefit from prophylactic PEG placement. Our previ-
ous study indicated that radiation portal size is a risk factor for se-
vere swallowing dysfunction in chemoradiotherapy for head and
neck cancers [16]. Of the five factors included in the TDRS, T-clas-
sification, neck irradiation and primary tumour site are related to
radiation portal size.

The annual number of the patients included in this study was
relatively low (5-6 patients per year). This was the actual number
of patients which we treated during this period. In our facility,
definitive chemoradiotherapy has been strictly confined to pa-
tients with quite good condition. This might lead to scarcity of
the number of patients.

It is obvious that radiotherapy plays a major role in the occur-
rence of swallowing dysfunction. Broader mucous membranes
and more anatomical parts important for swallowing would be af-
fected to a greater degree by larger radiation portals, and these
would be amplified by chemotherapy. Therefore, improving radio-
therapy may allow reduction of this complication. Intensity-mod-
ulated radiotherapy (IMRT) has been widely used for head and
neck cancers [17]. Using this advanced technique, complications



