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Table 2. Psychological distress and physical dysfunction

Quality of Life and Types of Surgery for Breast Cancer

psychological distress physical dysfunction
mesurement
study moment variable ...__isuli___ variable results
BCT+=RT MR M BCT+RT MR M
Fallowfield et al® 4 - 32 months anxiety = physical symptoms = =
depression =
De Haes etal®® 11 months psychologic complaints = fatigue = =
18 months = = =
11 months pain = =
18 months - =
11 months gastrointestinal = =
18 months = =
Lasry etal®™ 1-9years depression - 0.05
positive affect =
Kemeny etal™ 16-20months  emotional reactions 0.03/0.01 activities = -
psychologic symptoms =
Lee et al® 3 months depression/anxiety =
12 months =
Schain et al®? 6 months feeling not in control - 0,003
12 months =
24 months =
Poulsenetal® 15-62months  emotional state = daily activities, = =
physical state
15-62 months  level of anxiety =

Curran et al™®

=: no difference found, +/- differences found in which + refers to a more positive result.

(modified from the tables in the referred article 7)

Symptom Index. Other outcomes included physi-
cal symptoms, patients’ perceptions of their own
health, satisfaction with the type of surgery per-
formed and with cosmesis, as well as marital and
sexual adjustments. Although there was no statis-
tically significant difference in QOL between the
two groups, among the patients who were
younger than 50 years at the time of diagnosis,
partial mastectomy (BCT) appeared to be protec-
tive against psychiatric distress compared with
total mastectomy. However, patients of 50 years of
age or older at the time of diagnosis associated
partial mastectomy with higher psychological
stress levels. In another study by Janni ef al. using
cross-sectional analysis of post-operative QOL, the
number of lymph node metastases, tumor size at
the time of primary diagnosis and age were
matched in 76 pairs of patients, where each pair
comprised one BCT case and one mastectomy
patient®. The questionnaire consisted of the
EORTC QLQ-C30 and 7 questions regarding
patient’ s satisfaction with the primary surgical
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treatment modality. The survey was conducted at
a median post-operative period of 46 months. The
results, analyzed with EORTC QLQ-30, revealed
no significant differences in any QOL item for the
two groups. However, additional questions
demonstrated that the mastectomy group had sig-
nificantly ($<0.0001) lower satisfaction levels with
the cosmetic outcome of the primary operation,
and they were more likely to feel basic changes in
their appearance (p<0.0001), and were more likely
to be emotionally stressed by these facts
(»<0.0001). Many in this group answered that they
would have made a different decision had they
known of the outcome ($=0.025).

Comparison of the Post-Operative QOL in
Breast Cancer Patienis after SNB vs. after
ALND

In patients with invasive breast cancer, know-
ing the pathological status of the axillary lymph
nodes is essential for disease-staging. Until recent-
ly, almost all patients underwent ALND, even in
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Table 3. Sexual dysfunction and social adjustment

sextual dysfunction social adjustment
study mesurement results results
moment variable - P variable T
BCTx=RT (MR)M BCT=RT MRM
Fallowfield et al® 4-32 months lack of sexual interest = =
sexual problems = a
De Haesetal® 11 months loss of libido = =
18 months
Lasry et al*” 1-9years
Kemeny etal® 16-20 months sexual relations = =
frequency orgasm = =
Lee etal® 3 and 12 months  diminished sexual intercourse = = work performance = =
sexual problems = = interpersonal friction = =
disinterest in sex - = inhibited communication = =
submissive dependency = =
family attachment = =
anxious rumination = =
Schain et al*¥ 6 months problems with sexual relations + - 0.021 not having adequate support = =
12 months = = ’
24 months = =
Poulsen et al®  15-62 months sexual relationship = = able to create social contact = =
(women aged 48 to 69) + <0.05 daily life relation to patner = =
support from partner = =

Curran et al'®

=: no difference found, +/-: differences found in which + refers to a more positive result.

(modified from the tables in the referred article 7)

those with a low preoperative expectation of
lymph node metastases. However, if an approach
other than ALND could be adopted to confirm the
absence of axillary lymph node metastasis, ALND
then would not be necessary. SNB was thus devel-
oped to achieve this objective with a high rate of
probability.

The sentinel node is defined as the lymph node
that first receives the lymphatic flow from the area
of the breast tumor. If biopsy demonstrates the
absence of metastasis in the sentinel lymph node,
it is very probable that metastasis has not
occurred in the axillary lymph nodes, and ALND
can be avoided. :

Patients who undergo ALND experience a
high rate of postoperative side effects, e.g.
decrease in arm range of motion (ROM), pains
and sensory disturbance of the axillary and upper
arm regions, as well as edema of the upper arm,
but such symptoms would probably be less in LES
made possibly by SNB. This would improve QOL

status.

When SNB was first introduced, many sur-
geons attempted trials to establish techniques of a
stably high success rate. After these issues were
resolved®™, the hypothesis that SLB improves
postoperative QOL of patients comparing ALND
has been now validated.

When results of evaluation of the postoperative
damage without employing the QOL evaluation
based on established QOL questionnaires were
summarized, comparisons between patients
underwent ALND and those treated with SNB
yielded the following findings.

On comparing 35 ALND patients with 35 SNB
cases with post-operative mean follow-up periods
of 15.4 and 17.0 months prospectively, Schrenk et
al.™ observed that the difference in circumfer-
ence between the operated and the non-operated
upper arm in the former was significantly
(»=0.0001) more extensive than the latter. More-
over, incidences of the subjective arm lymphede-
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Table 4. Body image and fear of recurrence

Quality of Life and Types of Surgery for Breast Cancer

body image

fear of recurrence
study mesurement results results
moment variable e variable e S of
BCT+RT (MRM BCT=RT (MR)M
Fallowfield et al®
De Haes et a1'® 11 months body image + <0.05 fear of recurrence = =
18 months + <0.01 = =
Lasry et al” 1-9years body image + 0.001 fear of recurrence = =
Kemeny etal®® 16 - 20 months body image + - 0.03/0.001 fear of recurrence + - 0.05
Lee et al™ 3 months patient’s reaction to breast + - <0.001
loss or contour change :
12 months - <0.001
3 months unable to wear usual clothes =
12 months * - 0.004
Schain et al'® 6 months negative feeling about + - 0.001 concern cancer = =
self nude will recur
12 months + - 0,019 - =
24 months = = = =
6 months pegative feeling about = =
self dressed
12 months = =
24 months = =
Poulsen etal®®  15- 62 months body image = =
(women aged 25 to 47) + - <005
Curran et al™ 25 - 36 months body image - 0.001 fear of recurrence = =

=: no difference found, +/-; differences found in which + refers to a more positive result.

(modified from the tables in the referred article 7)

ma (p=0.0001), numbness (»=0.0001), pain
($=0.0001) and arm motion restriction ($=0.0001)
in the ALND patients were significantly higher.
However, differences of arm stiffness, arm
strength, daily life activities were reported to be
insignificant between the two groups. Further-
more, Swenson et al. compared 78 ALND patients
with 169 SNB cases based on subjective evalua-
tion of patients per se prospectively®. The ques-
tionnaire of the ‘Measure of Arm Symptom Sur-
vey' developed by the authors themselves was
used. The symptom severity and interference in
daily-life activities caused by pain, numbness, limi-
tation of arm ROM and arm swelling were scored
by the affected patients at post-operative 1, 6 and
12 months. The results indicated SNB patients
reported significantly less pain, numbness, ROM
limitation and seromas at post-operative 1 month,
followed by significantly less pain, numbness and
swelling of the arm at post-operative 6 months in
the SNB cases compared with the ALND patients.
By post-operative 12 months, symptoms continued
to be better, yielding significantly less pain, numb-
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ness, ROM limitation and swelling in the arm of
SNB than ALND patients. Pain, numbness and
ROM limitation significantly interfered with daily-
ife activities of ALND patients at post-operative 1
month, while only numbness did at post-operative
6 and 12 months, In another study by Reitman et
al.®®, 138 ALND patients was compared with 66
SNB cases prospectively. The shoulder ROM
range of motion, muscle strength, grip strength
and upper/forearm circumference were physical
v examined and objectively measured before and
6 weeks after operation. With reference to pain,
patients were asked to score with a visual analog
scale, while shoulder disability and activity of daily
life were assessed with the Shoulder Disability
Questionnaire and the Groningen Activity Restric-
tion Scale. The results revealed that considerable
treatment-related upper-limb morbidity was
observed in both groups after operation, but dif-
ferences in changes of upperlimb function and
activities of daily life were insignificant between
the two groups.

In the first RCT-based study, Veronesi et al.
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compared the symptoms of 100 patients each of
the ALND and SNB groups®. The SNB group
consisted of patients who had the SNB alone. The
patients were interviewed by physicians at post-
operative 6 and 24 months and were asked to com-
plete a questionnaire concerning the intensity of
pain, the presence or absence of paresthesias, the
extent of arm mobility, and the appearance of the
axillary scar. In addition, circumferences of the
operated and contralateral arms were measured.
Although results of statistical tests were not
shown, excellent outcomes were derived from self
evaluations of the axillary pain, numbness or
paresthesia and arm mobility as well as measure-
ments of arm swelling in the SNB group. In a sec-
ond RCT comparing the ALND group (N=155)
and SNB group (N=143), Purushotham et al. sur-
veyed subjective and objective sensory loss and
paresthesia before, 1, 3, 6 and 12 months after
operation®. In addition, an objective index with
the arm circumference evaluating arm swelling
was measured before, 1, 3, 6 and 12 months after
operation. Furthermore, the presence/absence of
arm/hand swelling was subjectively monitored,
and ROM limitation of the shoulder joint was
recorded with the same pre- and post-operative
time intervals. The incidence of seroma formation
was monitored as well. They analyzed the results
on an intention-to-treat basis. The results revealed
that significantly better outcomes were obtained
in the SNB group in both subjective and objective
postoperative arm swelling, rate of seroma forma-
tion, numbness, and loss of sensitivity to light
touch and pinprick. However, the shoulder mobili-
ty in this group was significantly favorable only in
terms of abduction at 1 month and flexion at 3
months after operation. The third RCT is the
ALMANAC trial, where 516 and 515 patients were
allocated to the standard axillary treatment and
SNB groups, respectively®. Data obtained were
analyzed on an intention-to-treat basis. Lymphede-
ma of patients were subjectively and objectively
evaluated at the baseline and at each follow-up vis-
it. Moreover, sensory deficits in the ipsilateral
upper arm and axilla and objective shoulder func-
tion were monitored on each follow-up visit. While
subjective lymphedema of the SNB group indicat-
ed significantly favorable outcomes, at 1, 3, 6 and
12 months, objective lymphedema manifested
similar significant tendencies at the same post-
operative periods, except for 12 month after opera-
tion. Self-evaluation by patients per se indicated

significantly favorable outcomes in Sensory
deficits of SNB patients at 1, 3, 6 and 12 months,
although only flexion and abduction in terms of
shoulder functions were significantly better 1
month after operation.

When we summarized the results of evaluation
of post-operative QOL by using established QOL
questionnaires, the following findings were
obtained.

In a non-RCT survey study, Peintinger et al.
investigated two surgical procedures prospective-
ly®. They assessed and compared post-operative
QOL of 25 SNB patients with 31 ALND cases with
EORTC QLQ-C30 and EORTC QLQ-BR23, and
further evaluated the pain with the MacGill Pain
Questionnaire. EORTC QLQ-C30 and pain evalua-
tions before surgery, 1 week after discharge and 9
- 12 months after surgery, and EORTC QLQ-BR23
assessments before and 9 - 12 months after opera-
tion revealed no significant differences in any
dimension of either EORTC QLQ-C30 or EORTC
QLQ BR-23 between the two groups. However,
pain scores based on the McGill Pain Question-
naire indicated a significantly higher intensity in
the ALND group 9 - 12 months after operation.

There are two reports on post-operative QOL
using established questionnaires from RCT. One
such study by Purushotham et al. employed ques-
tionnaires in surveying the psychological aspect
with the Beck Depression Inventory (BDI), State-
Trait Anxiety Inventory (STAI), Brief Symptom
Inventory (BSI), Mental Adjustment to Cancer
Scale (MAC) and the general QOL evaluation with
Short Form 36 (SF-36) immediately, 3, 6 and 12
months after operation®. Data obtained were ana-
lyzed on an intention-to-treat basis. The results on
depression and anxiety evaluated with BDI and
STAI demonstrated significant differences
between the two groups over a 1-year post-opera-
tive period. Although BSI-derived psychological
morbidity was significantly better in the SNB
group immediately after the operation, the favor-
able effects thereafter gradually tapered off with
time, to eventually indicate no statistical differ-
ences. Furthermore, differences in MAC scores
between the two groups did not score any statisti-
cal significance over the l-year observation peri-
od. Although the SF-36-derived QOL manifested
significantly favorable outcomes immediately after
operation in SNB patients, the effects thereafter
tapered off with time to eventually neutralize the
previously observed significant differences. The
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other study, the ALMANAC trial, assessed the
overall QOL with the Functional Assessment of
Cancer Therapy scale (FACT) -B + 4 question-
naire and rated anxiety with STAI at baseline, 1, 3,
6, 12 and 18 months after operation™. The FACT-
B analysis, complemented with 4 items related
with arm morbidity, has previously been validated.
Based on the FACT-derived QOL, significantly
favorable outcomes were established in all assess-
ment time-intervals of the SNB group. However,
differences in STAI were not observed between
the two groups af any time point.

Discussion

With reference to the subjective outcomes of
QOL in the surgical approach, differences of BCT
vs. mastectomy and those of ALND vs. SNB were
reviewed.

It is important to know that studies dealing
with the evaluation of QOL differences in the sur-
gical approach for breast cancer involve several
issues in contrast to drug therapies. First, there is
the practical difficulty of evaluating the therapeu-
tic method on a blind basis, even performed as an
RCT. In the therapeutic approach, especially in the
case of BCT vs. mastectomy, it is almost impossi-
ble to conduct such studies in a blind fashion.
Although the therapeutic approach of ALND vs.
SNB may be blinded to a certain extent, a com-
plete double-blind study is just impractical. Sec-
ond, unlike studies in drug therapy, the surgical
outcome is dependent on the level of technical
skill of the operating surgeons; namely, some sur-
geons cause no problems, while others cause
problems when treating the patients. The results
derived from a non-randomized study conducted
in a single institution comparing ALND and SNB
may have been influenced by the level of technical
skill of the operating surgeons. These issues may
have affected the results of the QOL studies. Fur-
thermore, there exists a high possibility of influ-
ence of the cultural background of patients under
study on the results of QOL evaluation of breast
surgery, especially in terms of culture- and reli-
gion-dependent sexual expressions, although this
aspect may have also affected the results of QOL
studies in drug therapies for breast cancer in a
certain degree. As such, there is no guarantee
that results obtained hitherto from European and
American patients may actually be appropriated
for Japanese patients suffering from the same dis-

72

Quality of Life and Types of Surgery for Breast Cancer

ease; i.e. breast cancer.

In comparing BCT and mastectomy, the initial-
ly expected results of excellent QOL in BCT
patients have not been definitely shown. There
are several possible reasons for those unexpected
results. First, quality of most studies are not high,
especially in RCTs as mentioned above. Second,
timing of the survey may be an important factor.
Hitherto most conducted studies have been per-
formed in the early post-operative period. In short,
the impact of suffering from the disease and the
ongoing adjuvant therapies in breast cancer
patients after diagnosis or during the treatment
process on short-term QOL may be extremely
intense; i.e. the cosmetic aspect may be of little
importance in QOL in the short postoperative
period. Therefore, studies on QOL comparisons of
BCT and mastectomy in patients are warranted at
a stage where healing has become apparent and
where a certain reasonable period (for example, >
60 months) after the operation has lapsed.

Previous several comparative studies of ALND
vs. SNB have indicated favorable morbidity and
QOL aspects in the case of SNB on a short-term
basis. As SNB per se has a short history, survey
studies on long-term post-operative monitoring of
QOL have yet to be attempted. However, accord-
ing to studies reporting the relationship between
outcome and elapse of post-operative time, differ-
ences between ALND and SNB tend to taper off
with post-operative time intervals. Neutralization
of differences in morbidity and QOL may appear
over post-operative time lapse. Although it is very
important to clarify the differences in prognosis
with RCT investigations, long-term follow-up stud-
ies are also warranted to yield survey outcomes of
the morbidity and QOL aspects.

With regard to relationships between surgical
approach and postoperative QOL in breast cancer
patients, many aspects still remain controversial
and unknown, although detailed studies on rela-
tionships of the surgical approach with QOL have
been referred to. As such, further studies on the
surgical approach in relation to the various post-
operative aspects and QOL are warranted.
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PROSPECTIVE TRIAL OF RADIOTHERAPY FOR PATIENTS 80 YEARS OF
AGE OR OLDER WITH SQUAMOUS CELL CARCINOMA OF THE
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Purpose: To assess the safety and efficacy of external beam radiotherapy for elderly patients with esophageal cancer.
Methods and Materials: A trial testing external beam radiotherapy (66 Gy within 6.5 weeks) as a single-modality
treatment was performed for biopsy-proven squamous cell carcinoma of the thoracic esophagus clinically staged
as Stage I and HA (T1-T3NOMO, International Union Against Cancer, 1987) in patients aged =80 years.

Results: From January 1999 through December 2002, 51 evaluable patients (35 men and 16 women) with a median
age of 33 years (range, 80-91 years) were enrolled from 22 institutions. Of the 51 patients, 18 (35%) had Stage Tt and
33 (65%) had Stage T2-F3 disease. Radiotherapy could be completed in 47 patients (92%) within 43-58 days (median,
49). The actuarial incidence of Grade 3 or worse cardiopulmonary complications at 3 years was 26%, with 3 early
deaths, and correlated significantly with the size of the anteroposterior radiotherapy portals. The median survival time
and overall survival rate at 3 years was 30 months and 39% (95% confidence interval, 25-52%), respectively.

Conclusion: The results of high-dose radiotherapy in octogenarians are comparable to those in younger patients,

but meticulous treatment planning and quality control is required. © 2006 Elsevier Inc.
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INTRODUCTION

Esophageal cancer is the sixth leading cause of cancer death
worldwide. Japan is recognized as one of the high-risk areas,
with an incidence in men of 10.0/100,000 compared with
5.8-6.2 of 100,000 in North America and Europe (1). Al-
though the incidence rate varies geographically (1), a similar
age distribution has been noted in Japan, Europe, and the
United States, peaking at 7079 years old. Populations aged
=80 years have an almost identical incidence rate, which does
not increase further (2—-4). Therefore, in an aging society, the
number of elderly patients presenting with this disease is
expected to increase. Recent advances in therapy for esopha-
geal cancer in younger patients, consisting of concomitant
chemotherapy and radiotherapy (RT), transthoracic esophagec-
tomy with thorough lymph node dissection, and combined
chemoradiotherapy with surgery, are invariably associated
with significant adverse events. In the elderly, these adverse
events might offset the theoretical advantages (5—8). However,
meticulous quality control in a therapeutic setting and appro-
priate patient sclection are prerequisites for treatment decisions
in the very elderly and need not exclude new approaches
established in younger patients (9-13).

Chronologic age alone should therefore not be considered
a determinant of treatment options. Although the impor-
tance of including the elderly in clinical trials has been
emphasized (9, 14), the default clinical position currently
remains conservative, with less-intensive interventions con-
sidered preferable for elderly patients (15, 18). Our retro-
spective survey revealed that, in patients aged =80 years,
>80% were able to withstand single-modality high-dose RT
without chemotherapy at a median total administered dose
of 66 Gy within 6.5 weceks (17, 18). The planning target
volume (PTV) was confined to the gross tumor volume in
>80% of patients (18). In circumstances in which the treat-
ing physician considers that the patient is too old to tolerate
concomitant chemotherapy, high-dose RT alone could rep-
resent a widely applicable approach in patients aged =80
years. On the basis of the data analyzed in these retrospec-
tive studies, we believe that it is essential to conduct a
prospective evaluation of this approach in the very elderly
to provide more extensive data on which to consider a
strategy to cope with the controversies regarding adequate
therapy and RT techniques in this age group.

METHODS AND MATERIALS

Patient population

The eligibility criteria for the study were patients =80 years of
age with previously untreated, biopsy-proven squamous cell car-
cinoma located at the thoracic esophagus. In addition, the follow-
ing eligibility criteria were used: no regional lymph adenopathy
=1 cm in maximal diameter on computed tomography (CT) im-
ages (clinically NO); no evidence of distant organ metastasis (clin-
ically MO); no radiologic findings of tumor invasion to the adjacent
organs (clinically TI~T3, TNM classification, International Union
Against Cancer, 1987); Zubrod performance status (PS) of 0-2;
white blood cell count 23000/mm?; hemoglobin level =7.5 g/dL;

platelet count =50,000/mm3; no history of other malignancies
within 5 years before enrollment; no history of cardiac infarction,
anginal attack, or symptomatic cerebrovascular accident during the
3 months immediately before enrollment; and no history of symp-
tomatic cardiac or pulmonary insufficiency. All patients provided
written informed consent. Patients who had intraepithelial tumor
amenable to endoscopic mucosal resection were excluded. The
local institutional ethics committees of all participating institutions
approved this study.

Pretreatment evaluation

The disease stage was determined from the results of physical
examination, chest X-ray, barium swallow, esophageal endoscopy
with biopsy, CT of the chest, and CT or uitrasonography of the
neck and upper abdomen. A slice thickness of 5 mm was recom-
mended for CT. The use of endoscopic ultrasonography was op-
tional; therefore, the depth of tumor invasion was determined
empirically (19). Bone scanning was done as indicated. Laboratory
studies included a complete blood cell count, routine liver and
kidney function tests, and electrocardiography. Information re-
garding preexisting comorbidities was collected at enrollment.

Treatment

External beam RT to a dose of 66 Gy within 6.5 weeks using
once-daily 2-Gy fractions was administered. The clinical target
volume (CTV) was defined as the gross tumor volume with =3 ¢cm
of longitudinal margin. The lateral margin was left to the discretion
of the treating physician because of the intrinsic vulnerability of
cardiopulmonary function to thoracic RT in the elderly. The PTV
was defined as the CTV plus an adequate margin to allow for
physiologic organ motion and setup error. Prophylactic nodal RT
covering the entire regional lymph node area was strictly prohib-
ited when the whole CTV could be encompassed with a smaller
PTV. RT was delivered using anterior-posterior (AP) opposed,
followed by oblique (OBL) opposed beam arrangements. The total
dose to the spinal cord was restricted to a maximum of 46 Gy.
Treatment planning was done using CT-based or two-dimensional
fluoroscopy simulations, depending on the resources available at
the participating institution. The dose was prescribed to the center
of the PTV, or the center of the beam axis for patients who
underwent fluoroscopy simulation. Lung inhomogeneity correc-
tions were not required. No other treatment was allowed, unless
recurrence developed.

Outcome measures

The primary endpoint of this study was the complete response
(CR) rate. Evaluation of the response was done at 4 weeks after RT
and consisted of physical and radiographic examinations identical
to those conducted at the pretreatment evaluation. A CR was
defined as maintained absence of tumor until the follow-up exam-
ination performed >4 weeks after the first evaluation. Patients
were considered to have a non-CR when recurrence was observed
at any site at this time. This trial used a two-stage design (20) in
which 31 patients were to be enrolled initially. If <7 of these 31
patients achieved a CR, or =3 of the first 10 patients died of
treatment-related complications, the trial would be stopped. Oth-
erwise, enrollment would be extended to 53 patients and CR rate
determined. Radiologic and endoscopic examinations were recom-
mended at least once every 6 months thereafter. Overall and
recurrence-{ree survival rates from the start of RT were measured
using the Kaplan-Meier method; death from any cause was defined
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as an event in calculating overall survival, and recurrence at any
site or patient death was defined as an event in recurrence-free
survival. Factors involved in univariate analyses were age, gender,
PS, pretreatment hemoglobin level, presence or absence of co-
morbidity, T-classification, tumor length, and treatment-related
variables (width, length, and margins for AP and OBL opposed
portals, methods for treatment planning, and beam energy). Each
factor was dichotomized; smaller than vs. equal to or larger than
the median value, excluding gender, PS (0 vs. 1/2), T-classification
(T1 vs. T2/3), methods for treatment planning (CT-based or fluo-
roscopy simulation for AP portals), and beam energy (6 MV or
lower vs. 10 MV or higher). Statistical significance was evaluated
with the log-rank test. Multivariate analyses were performed with
Cox’s proportional hazards model. All p values were two-tailed.
Assessment of toxicities was based on the National Cancer Insti-
tute Common Toxicity Criteria (version 2.0) and the Radiation
Therapy Oncology Group/European Organization for Research
and Treatment of Cancer Late Radiation Morbidity Scoring
Scheme.

Dose modifications

Any toxicity of Grade 3 or worse, or pneumonitis/pulmonary
infiltrates of Grade 2 or worse, required a treatment break. RT was
resumed only when these toxicity grades were no longer present
within 2 weeks of interruption.

Quality review

Case reports regarding schematic drawings of the tumor location
and shape and size of the RT portals were required at enrollment.
Diagnostic imaging, pathology reports, RT simulation and port
films, and RT records were retrospectively reviewed by the prin-
cipal investigator (M.K.) at the interim analysis and when this
study was closed.

RESULTS

Patients

Between January 1999 and April 2002, 53 patients were
enrolled from 23 of the 41 institutions that had approved
this protocol. One patient was excluded because of pleural
effusion without cytologic examination, and one because of
bedsores requiring daily care (PS 3). The characteristics of
the 51 included patients from 22 institutions are listed in
Table 1. Twenty-seven (53%) were reported as having at
least one comorbidity, and 11 (20%) had two or more. The
pretreatment chest X-rays were reviewed by the principal
investigator for 49 patients, and a bilateral emphysematous
change that was characterized by a flat and low hemidia-
phragm (hyperinflated lung) associated with pulmonary vas-
cular distortion (21) was observed in 21 (43%).

Quality review

Of the 22 institutions that enrolled evaluable patients,
11 (50%) used CT-based treatment planning for a total of
29 patients. However, 5 centers with a total of 11 patients
used CT-based planning only for setting the OBL op-
posed portals and used fluoroscopy simulations for the
AP opposed portals. The remaining 11 facilities used
fluoroscopy simulation only for both AP opposed and
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Table 1. Characteristics of 51 evaluable patients

Characteristic Patients
Age (y)
Median 83
Range 80-91
=84 34.(67)
=85 17 (33)
Gender
Female 16 31)
Male 35(69)
Zubrod performance status
0 21 (41)
1 25 (49)
2 5(10)
Pretreatment hemoglobin level (g/dL)
Median 12.5
Range 8.6-15.4
Clinical stage (UICC 1987)
Stage I, TINO 18 (35)
Stage 1A, T2NO 6 (12)
T3NO 27 (53)
Tumor length (cm)
Median 5
Range 2-11
Tumor location™
Upper 2(4)
Middle 32(63)
Lower 17 (33)
Comorbidities
None 24 (47)
Single 16 31)
Multiple 1122
Cardiovascular 19 (37)
Asymptomatic ECG abnormality 8 (16)
Hypertension 7 (14)
Arrhythmia requiring pacemaker 1(2)
Abdominal aortic aneurysm 1(2)
NOS 3 (6)
Pulmonary 3(6)
Asymptomatic pleural adhesion 2(4)
NOS 1(2)
Emphysematous change on chest X-ray 21 43)7
Positive hepatitis C viral markers without
clinical manifestations 3(6)
History of hemorrhagic gastric ulcer 24
Rheumatoid arthritis requiring treatment 24
Diabetes requiring insulin 1(2)
Hypothyloidism 1(2)
Hyperlipidemia requiring treatment 1(2)

Abbreviations: UICC = International Union Against Cancers;
ECG = electrocardiogram; NOS = not otherwise specified.

Data presented as number of patients, with percentages in pa-
rentheses, unless noted otherwise.

* Location of epicenter of tumor described according to follow-
ing divisions: upper, from thoracic inlet to tracheal bifurcation;
middle and lower, upper and lower half, respectively, of esophagus
from tracheal bifurcation to esophagogastric junction.

T Of 49 patients whose chest X-rays were sent to principal
investigator for central review.

OBL opposed portals. The maximal width of the AP
opposed and OBL opposed portals was 5.0-9.0 cm (me-
dian, 7.0) and 4.0-9.0 cm (median, 6.2), respectively. An
OBL opposed portal was not set for 1 patient because of
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Table 2. Results of radiotherapy quality review according to type of treatment planning and category of institutions

CT-based planning Fluoroscopy Simulation Total (%)
N/R CC Univ Others Total N/R CC Univ Others Total
AP portals (n) 10 6 2 18 12 12 9 33 51 (100)
Maximal tumor diameter on CT
image (cm)*
Median 3.0 2.0 2.0 3.0 3.0
Range 2.0-3.5 2.0-5.0 2.0-4.5 2.0-4.7 2.0-4.5 2.0-4.5
Tumor Length (cm)*
Median 4.0 5.0 4.5 4.5 5.0
Range 3.0-9.0 4.0-10.0 4.0-8.0 2.0-8.5 2.0-6.0 4.5-11.0
Width (cm)
<6.0 | 2 3 3(6)
6.0-6.9 4 3 1 8 3 7 2 2 20 (41)
7.0-8.0 4 3 1 8 8 5 3 16 24 (45)
>8.0 2 2 2 2 4(8)
Lateral margin (cm)
=1.0 1 1 2 2 (4)
1.1-2.0 4 4 2 10 7 10 5 22 32 (63)
2.1-3.0 6 2 8 5 I 2 8 16 (31)
>3.0 I 1 1(2)
Length (cm)
<14.0 3 2 | 6 6 10 3 19 25 (49)
=14.0 7 4 I 12 6 2 6 14 26 (51)
Longitudinal margin (cm)
<3.0 i I 2 4 4 (8)
3.0-5.0 3 6 1 10 6 9 6 21 31(61)
5.1-7.0 4 1 5 5 2 i 8 13 (25)
>7.0 3 3 3(6)
OBL Portals’ (n) 12 14* 2 28 98 28 9 20 48 (100)
Width (cm)
<6.0 2 5 1 8 3 I 4 8 16 (33)
6.0-6.9 5 9 1 15 5 1 4 10 25 (52)
7.0-8.0 4 4 1 1 2 6(13)
>8.0 1 1 1(2)
Length (cm)
<14.0 6 9 I 16 6 2 7 15 31 (65)
=14.0 6 5 1 12 3 2 5 17 (35)
Longitudinal margin (cm)
<3.0 1 1 2 4(8)
3.0-5.0 8 14 2 24 4 1 6 11 35 (73)
5.1-7.0 2 2 4 1 5 7(15)
>7.0 2 2 2 (4)

Abbreviations: N/R CC = national or regional cancer center; Univ = university; OBL = oblique.

* At time of treatment planning for AP opposed portals.

¥ Lateral margins regarding OBL opposed portals were not reviewed because assessment of radiotherapy-inducing tumor shrinkage was

not possible with available material.

* One patient did not receive OBL opposed portal because of early death.

§ Materials for review were unavailable in 1 patient.

early death. The pretreatment CT, RT simulation films,
and port films were reviewed in 49 patients (96%). The
maximal tumor diameter on CT was 2.0-4.7 cm (median,
2.8). The lateral margin of the AP opposed portals [(max-
imal width of AP opposed portals — maximal tumor
diameter)/2] was 0.8-3.3 cm (median, 2.0). The lateral
margins in the context of the OBL opposed portals were
not reviewed because assessment of RT-inducing gross
tumor volume shrinkage was not possible with the avail-
able materials. The length of the AP opposed and OBL

opposed portals was 10.0-22.6 cm (median, 13.6) and
7.0-18.6 cm (median, 12.0), respectively. The longitudi-
nal margin [(field length — reported tumor length)/2] of
the AP opposed and OBL opposed portals was 2.0-9.0
cm (median, 4.0) and 1.0-9.0 cm (median, 4.0), respec-
tively. We divided the participating institutions into three
categories (national/regional cancer center [n = 6], uni-
versities [n = 10], and other [n = 6]) to assess whether
the type of treating institution or treatment planning
method influenced the treatment outcomes (Table 2). No
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Table 3. Number of patients who experienced adverse events
within 90 days from start of radiotherapy

Grade

Event 1 2 3 4 5
Odynophagia 16 7 2
Pneumonitis/pulmonary infiltrates 1 2
Pneumonia 1
Cardiac angina 1
General malaise 1
White blood cell 11 5
Mediastinitis |

Maximal grade reported per patient 18 o 4 0 3

statistically significant differences in maximal width or
lateral or longitudinal margins were found among the
three types of institutions or treatment planning methods
{(p > 0.200, Mann-Whitney U test). Four patients (8%)
had AP opposed and OBL opposed portals set at a <3-cm
longitudinal margin. Thirteen patients (25%) had AP
opposed and/or OBL opposed portals with a >5.0-cm

longitudinal margin owing to discretionary decisions of

the responsible physicians. Another 3 patients (6%) had
AP opposed and/or OBL opposed portals with a >7.0-cm
longitudinal margin; 2 with Stage T1 disease associated
with multiple superficial lesions included in the CTV by
the responsible physician and 1 with Stage T1 disease in
the middie thoracic esophagus who received prophylactic
nodal RT to the right recurrent nerve lymph node (0.5-cm
maximal diameter). All but 1 patient received intentional
prophylactic nodal RT. The total administered radiation
dose with AP opposed portals was 40—44 Gy (median, 40
Gy). Neither the width (<7 vs. =7 cm) nor the length
(<14 vs. =14 cm) of the AP opposed portals correlated
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significantly with the T stage (T1 vs. T2-T3) or tumor
length (<5 vs. =5 cm) using the chi-square test (p >
0.100). All patients received RT using a linear accelera-
tor; 4, 12, 32, 1, and 3 patients received RT using 4-, 6-,
10-, 15-, and 20-MV X-rays, respectively.

Acute adverse events

Radiotherapy was completed as planned in 47 patients
(92%), with an elapsed treatment time of 43-58 days (me-
dian, 49 days). A total of 7 patients (14%) experienced
Grade 3 or worse acute adverse events (Table 3). Three
patients died of treatment-related causes—two died sud-
denly of acute respiratory distress syndrome 7 days after RT
completion, and one, whose treatment was discontinued at
34 Gy because of bacterial pneumonia, died as a conse-
quence 7 days later. Two other patients couid not complete
RT because of acute Grade 3 adverse events (cardiac angina
at 64 Gy in one and treatment refusal owing to fatigue at 56
Gy in the other). One patient, who had stopped RT because
of anginal attacks, had a history of angina pectoris before
enrollment; no other attack was observed after RT until her
death from persistent local discase at 6.6 months. Two
patients with Stage T3 disease experienced transient Grade
3 odynophagia during RT or immediately after RT comple-
tion. However, both patients survived for >4 years without
symptomatic esophageal stenoses. Another 10 patents
(20%) experienced Grade 2 acute adverse events. One pa-
tient discontinued RT because of persistent Grade 2 pneu-
monitis/pulmonary infiltrates at 48 Gy. One patient with T3
discase experienced mediastinitis at 36 Gy requiring a 2-day
treatment break was able to complete RT within 53 days
without any further complications until his death from local
failure at 18 months. Otherwise, this protocol was well

Table 4. Patterns of failure

Ti (n = 18) T2-T3 (n = 33)
CR Non-CR CR Non-CR Total (%)
Patients (1) 15 3 16 17 51 (100)
Site of first failure
Local 5 3 15 23 (45)
Nodal 2 3 1 6(12)
Distant I i 2 4(8)
No failure*® 7 2 8 1 18 (35)
Survival outcome*
Alive without disease 6 2 4 1 13 (25)
Alive with disease i 1(2)
Died of index cancer 7 9 15 31 (61)
Died of other causes
Lung cancer 17 (SN @)
Gastric cancer 2 2 (4
Pancreas cancer 1 1(2)
Vascular accidents 1 1 2(4)

Abbreviation: CR = complete response.

* At time of this analysis, when all surviving patients had been followed for >2 y.
- * Died of lung cancer after successful salvage for local recurrence of esophageal cancer.
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Fig. 1. Incidence of regional lymph node failure in relation to nodal site expressed as (a) cumulative overall or (b) first
site of failure. Numbers with same symbol (asterisks) show recurrences occurring in same patients simultaneously.
Squares indicate patients who experienced simultaneous distant organ metastasis.

tolerated, and all hematologic toxicities were temporary, not
necessitating interruption of RT.

Failure patterns

Thirty-one of 51 evaluable patients (61%) were reported
as experiencing a CR, which was confirmed using endos-
copy in 15, barium swallow in 3, and both in 13. Confir-
matory biopsy was done in 3 patients. The CR rates for each
T stage were as follows: 83% (15 of 18), T1; 50% (3 of 6),
T2; and 48% (13 of 27), T3. The patterns of treatment
failure are listed in Table 4. A total of 23 patients had local
failure at 0—48 months, and 21 (91%) within 2 years. Of the
20 non-CR patients, 5 (Stage T1in 3, T2 in 1, and T3 in 1)
had not experienced local progression for 27—-60 months.
No newly developed esophageal cancer occurred outside the
PTV. The actuarial rate for control of the primary tumor at
3 years for patients with Stage T1 and T2-T3 disease was
70% (95% confidence interval [CI], 48-92%) and 21%
(95% CI, 7-35%), respectively. A total of 8 patients expe-
rienced nodal failure. In 6 of them, this occurred as their
first event at 7-43 months (median, 25 months) and was
associated with simultaneous distant metastasis in 3. All 8
nodal recurrences occurred outside the PTV. The distribu-
tion of nodal failure in relation to the anatomic sites is
illustrated in Fig. 1. A total of 12 patients experienced
distant failure, 8 of whom had had previous local or nodal
failure. Distant failure was observed in the lungs in 9, liver
in 1, and abdominal para-aortic lymph node below the celiac
axis in 2.

Salvage treatment

Two patients who originally had Stage T1 and T2 disease
underwent surgery for local failure at 9 and 6 months. The
patient with Stage T1 disease experienced nodal failure at
18 months and died at 52 months of nodal and distant failure
despite additional RT for nodal recurrence. The patient with
Stage T2 disease was alive and disease free at 36 months.

Two patients with T1 disease underwent successful salvage
endoscopic mucosal resection at 16 and 48 months; how-
ever, one died of acute respiratory distress syndrome at 36
months and one of lung cancer at 59 months. Two patients
received RT for nodal recurrence, and one received cisplatin
and 5-fluorouracil for pleural dissemination. They subse-
quently died within 12 months.

De novo malignancies

Nine newly developed malignancies (three gastric can-
cers, three lung cancers, one cancer of the ureter, one
pancreas cancer, and one skin cancer in the head-and-neck
region) were observed in 8 patients at 4—-42 months (me-
dian, 26 months). Four were fatal (Table 4). One patient
died of preexisting nodal failure of the esophageal cancer at
49 months, and one died of cerebral hemorrhage with lung
cancer at 58 months. Two patients were successfully treated
and were alive without disease at 31 and 60 months.

Survival outcomes o

All but I patient could be followed for >2 years or until
death. One patient with persistent disease was lost to fol-
low-up at 7 months and was considered to have died of the
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Fig. 2. Overall survival in relation to T stage.
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index cancer at that time. The median follow-up period for
surviving patients was 47 months (range, 27-65 months).
At the present analysis in June 2005, 37 patients had died.
The details of the causes of death are shown in Table 4. The
median survival time was 30 months, and the 1-, 2-, and
3-year overall survival (OS) rate was 71% (95% CI, 58—
83%), 53% (95% Cl, 39-67%), and 39% (95% CI, 24—
52%), respectively. Univariate analysis revealed that T
stage and PS were the only factors that correlated signifi-
cantly with OS. The median survival time and OS rate at 3
years was 51 months and 70% (95% CI, 48-92%) for T1
and 14 months and 21% (95% Cl, 7-35%) for T2-T3
disease, respectively (p < 0.001, Fig. 2). No statistically
significant differences were found in OS rate between pa-
tients with Stage T2 and T3 disease (p = 0.416). Patients
with PS 0 achieved an OS rate of 61% at 3 years (95% CI,
39-82%); however, patients with PS 1 or 2 had an OS rate
of 23% (95% Cl, 8-38%; p = 0.034). Tumor length had
marginal significance, with a 3-year OS rate of 45% (95%
ClI, 24-65%) vs. 32% (95% CI, 15-51%) for those with
tumors <5 c¢m vs. =5 cm, respectively (p = 0.080). Mul-
tivariate analysis involving T stage, PS, and tumor length
revealed that T stage was the only independent prognostic
factor, with a hazard ratio of 3.1 (95% CI, 1.3-73, p =
0.012). The recurrence-free survival rate at 3 years for
patients with Stage T1 and T2-T3 disease was 52% (95%
CI, 28~77%) and 12% (95% CI, 1-23%), respectively (p =
0.002).

Late adverse events

Apart from the three treatment-related deaths, six late car-
diopulmonary adverse events of Grade 3 or worse were ob-
served (Table 5). None of these 6 patients experienced cardio-
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pulmonary adverse events during the acute phase.
Symptomatic pericardial effusion was observed in 4 patients; 1
died with superficial local recurrence at 30 months, 2 required
drainage, and 1 presented with mild dyspnea that resolved
spontaneously. One patient died at 36 months of acute respi-
ratory distress syndrome after drainage of a massive pleural
effusion with negative cytologic findings. The actuarial inci-
dence of these late cardiopulmonary complications was 17%
(95% CI, 5-29%) and 26% (95% CI, 10-42%) at 2 and 3
years, respectively, when the 3 patients who died of treatment-
related causes were included. The factors influencing the inci-
dence of these serious cardiopulmonary toxicities were ana-
lyzed regarding the presence of either emphysematous changes
or cardiovascular comorbidity, in addition to the factors in-
volved in OS. Univariate analysis revealed that the width (p =
0.013) and length (p = 0.016) of the AP opposed portals
correlated significantly with the incidence (Fig. 3), but the
others were not (p > 0.200). One patient required repetitive
blood transfusions for hemorrhagic esophageal erosion for >4
years, despite dietary vigilance. Two patients developed cog-
nitive dysfunctions and subsequently died, 1 at 6 months
without evidence of recurrence and 1 at 12 months after local
recurrence. No esophageal stricture requiring repetitive dila-
tion was reported in the patients who survived and were
recurrence free.

DISCUSSION

This study explored the validity of the RT procedures
widely applied to elderly patients in Japan. Our results have
demonstrated that RT can be completed in 92% of patients.
Also, the median survival time for all patients was 30
months, with a 3-year OS rate of 39%. The actuarial inci-

Table 5. Moderate or severe cardiopulmonary/esophageal adverse events

Age (y), Gender, Tumor Maximal Widtly/length Onset of Final  Outcome
location, length T stage Events of AP Portal (cm) events (mo)  Clinical course  grade* (mo)

87, M, middle, 10 cm 3 Pneumonitis 8.5 X 15.0 2 Fatal 5 2, TRD

80, M, middle, 6 cm 3 Pneumonitis 7.0 X 16.0 2 Fatal 5 2, TRD

80, M, lower, 6 cm 2 Pneumonia 7.0X 12.0 1 Fatal 5 1, TRD

81, M, middle, 4 cm 1 Pleural effusion 7.9 X 21.0° 5 Fatal ARDS after 5 36, DID
drainage

82, M, middle, 4 cm 1 Pericardial effusion 7.2 X 19.0 17 Fatal cardiac 5 30, DID
insufficiency

80, F, lower, 4 cm 1 Pericardial effusion 7.0 X 14.0 25 Drainage 4 52, NED

80, M, middle, 3 cm Pericardial effusion 7.0 X 14.0 13 Drainage 4 32, DOD

80, F, middle, 6 cm 3 Arrhythmia (arterial 7.0 X 14.0 19 Resolved with 3 60, NED

flatter) medication

84, M, middle, 8 cm 1 Pericardial effusion 6.0 X 14.0 12 Resolved without 3 48, DOD
drainage

85, F, lower, 3 cm 3 Esophageal erosion 7.6 X 16.0 12 Requiring 3 52, NED

repetitive BTF

Abbreviations: M = male; F = female; ARDS = adult respiratory distress syndrome; TRD = treatment-related death; NED = alive
without disease; DID = died of causes other than index cancer; DOD = died of index cancer; BTF = blood transfusion; mo = months;

AP = antero-posterior.

* According to Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer Late Radiation
Morbidity Scoring Scheme; esophageal ercsion scored as Grade 3 because disabling anemia was not experienced.
T Prophylactic nodal irradiation encompassing right recurrent nerve lymph nodes was done.
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Fig. 3. Actuarial incidence of Grade 3 or worse cardiopulmonary
complications in relation to (a) maximal width and (b) length of
antero-posterior (AP) opposed portals.

dence of Grade 3 or worse cardiopulmonary adverse events
was 26% at 3 years, and a significant correlation with the
size of the AP opposed portal was suggested. Finally, al-
though all nodal recurrences as a first event occurred outside
the PTV in 6 patients, 3 had simultaneous distant metastasis.

Retrospective studies have shown that 70-89% of pa-
tients aged 75 to =80 years can be treated with a total dose
of 260 Gy (16, 17). That 92% of our patients completed RT
at 66 Gy in 33 fractions suggests that their physical sturdi-
ness was somewhat greater than the average seen in daily
clinical practice, despite the relaxation of the eligibility
criteria. Although the survival outcomes for all patients
were reasonable, this was because of patient selection (i.e.,
35% of patients had Stage I disease). The heterogeneity of
the physical and psychosocial backgrounds was greater in
the elderly compared with younger patients (14). Therefore,
a positive selection bias might be an important confounding
factor when applying the results of clinical trials of elderly
patients to daily clinical practice. In other words, many
patients aged =80 years may well be able to tolerate radical
RT, provided they are preselected for medical fitness. How-
ever, for patients with advanced disease (Stage T2-T3, n =
33), the outcomes in this study were unsatisfactory, as
expected.

Regarding OS after single-modality high-dose RT in
younger patients, Earlam and Cunha-Melo (22) reported

that the considerable variation in the OS rate at 2 years
(range, 8—27%), mainly resulted from patient selection.
More recent series have also shown OS rates of 0-27% and
21% at 3 and 3 years, respectively, after RT, with or without
neoadjuvant chemotherapy (5, 23-25). Considering the het-
erogeneity of patient selection, as well as the differences in
the length of follow-up in these studies, a 21% OS rate at 3
years for patients with T2-T3 disease in our study actually
seems comparable to that reported in younger patients re-
ceiving RT alone.

Although a 4% incidence of fatal radiation-induced pneu-
monitis, and the overall 6% occurrence of early death, in
this prospective study drew attention to safety issues when
applying this regimen of high-dose RT for the elderly, what
was even more important was the 26% actuarial incidence
of Grade 3 or worse cardiopulmonary complications at 3
years. A quality review was done retrospectively because
we did not have sufficient resources for an initial review,
and, more importantly, the RT technique tested in this study
was already widely applied in Japan. Because of this, very
heterogeneous definitions of CTV and PTV were current
among the large number of participating institutions. This
represents a major problem for this study. In addition, the
RT technique used was already considered outdated at most
RT facilities in the United States, where three-dimensional
RT planning with CT is routinely performed (26). The crude
incidence rate of severe or life-threatening cardiopulmonary
complications after RT alone at the acute and late phases
has been reported as between 0% and 18% using multiple
field techniques (27, 28) or brachytherapy (29). Other in-
vestigators have reported a 0—9% crude incidence rate of
acute and late cardiopulmonary toxicity (16, 23, 30), al-
though details on severity were not provided. Among the
different patient- and treatment-related factors analyzed,
only the width and length of the AP opposed portals corre-
lated significantly with the incidence of cardiopulmonary
complications. This multicenter study could not provide
dose—volume histogram analysis regarding acute and late
toxicity (31), because facilities that had limited resources
for performing three-dimensional RT planning were in-
volved. Nevertheless, all the late cardiopulmonary compli-
cations of Grade 3 or worse occurred in patients whose
tumors were located in the middle and lower third of the
esophagus. This implies that the size of the AP opposed
portals relates directly to the volume of heart irradiated,
which has a threshold radiation dose in conventional frac-
tionation of approximately 35-40 Gy before developing
clinically manifested signs and symptoms over long periods
in younger patients (32). Independent of the RT technique
and quality control used in this study, changes in inflam-
matory response, as well as insidious comorbidities in the
very elderly, may also have contributed to the unexpectedly
high overall incidence of adverse cardiopulmonary events
(11). Therefore, reducing the margins from the generally
applied 2 cm in the lateral and 5 cm in the longitudinal
direction for defining the CTV (33-35), especially in the
elderly, may have critical importance, particularly because
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the median diameter and length of the primary tumors in our
study was 2.8 cm and 5 cm, respectively, even in prese-
lected patients.

In addition to using a multiple-field technique, brachy-
therapy (29) and particle beam therapy (36) are theoretically
better ways to administer high-dose RT more safely. How-
ever, dose escalation, with or without concomitant chemo-
therapy, failed to show survival benefits compared with
modest-dose RT (50.4 Gy in 5.5 weeks) concomitant with
chemotherapy in randomized studies (5, 33). On the basis of
currently available data, the best way to reduce the high-
dose volume of the heart is to reduce the total radiation
dose. Studies testing the applicability of established nonsur-
gical approaches in older patients are awaited. Single-mo-
dality approaches using alternative RT techniques as de-
scribed above should mainly focus on medically unfit older
patients who were appropriately judged as intolerant of
cytotoxic treatments (14). Most importantly, all clinical
trials testing RT should be performed with an investment in
meticulous and long-term observation by the radiation on-
cologist responsible, and estimation of the incidence of
adverse events with actuarial, not crude, statistics (37) to
facilitate comparisons between modalities.

The incidence of nodal recurrence in patients with node-
negative disease was high, as expected, from the nature of
this disease (35) and the potential inaccuracy of CT-based
tumor/node staging (19) in this study. This applied to 6 of
our patients, one-half of whom also had distant failure.
Therefore, at least 3 (6%) of 51 patients could have bene-
fited from comprehensive elective nodal RT from the lower
cervical nodes down to the celiac root with appropriate
margins. Nodal involvement is associated with a marked
decrease in survival compared with truly localized disease
(13, 38), and intensive efforts to improve local control for
advanced primary tumor have failed to deliver satisfactory
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results to date (7, 8, 23, 33). Adding to the risk of late
cardiopulmonary complications, large portals increasing the
irradiated volume of the normal lung might have a negative
impact on possible salvage surgery (39), even though only
2 (10%) of 21 patients experiencing local failure not ame-
nable to endoscopic mucosal resection benefited from this
procedure in the present series. Therefore, a tradeoff of the
benefits and risks of comprehensive nodal RT should be
carefully evaluated further in patients aged >80 years with
advanced disease.

CONCLUSION

Localized external beam RT at 66 Gy within 6.5 weeks
as a single-treatment modality for clinical Stage T1-3NO
squamous cell carcinoma of the thoracic esophagus in
patients aged =80 years yielded results comparable to
those reported in younger patients. A CTV with <2-cm
radial and 5-cm longitudinal margins around the tumor
scems more desirable in the elderly than in younger
patients. Accordingly, close coliaboration between the
diagnostic and treating physicians for adequate target
definition, as well as strict quality control of the RT
procedure involving technologists and medical physics
staff that maximizes the therapeutic ratio, are critical for
reducing long-term cardiopulmonary toxicity. The bene-
fits of elective nodal irradiation, especially for patients
with poor local control expected, should be carefully
considered. To optimize the therapy for this disease.
long-term and careful monitoring and reporting of late
adverse events to facilitate comparisons between modal-
ities is essential, especially in the elderly. On these
premises, well-designed trials testing concomitant che-
motherapy with RT using more limited PTV are war-
ranted for the elderly, who represent an increasing pro-
portion of patients with this disease.
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Purpose
To evaluate the safety and efficacy of proton beam radiotherapy (PRT) for hepatoceliu-
lar carcinoma.

Patients and Methods

Eligibility criteria for this study were: solitary hepatocellular carcinoma (HCC); no indication
for surgery or local ablation therapy; no ascites; age = 20 years; Zubrod performance status
of 0 to 2; no serious comorbidities other than liver cirrhosis; written informed consent. PRT
was administered in doses of 76 cobalt gray equivalent in 20 fractions for 5 weeks. No
patients received transarterial chemoembolization or local ablation in combination with PRT.

Results

Thirty patients were enrolled between May 1999 and February 2003. There were 20 male
and 10 female patients, with a median age of 70 years. Maximum tumor diameter ranged
from 25 to 82 mm {median, 45 mm). All patients had liver cirrhosis, the degree of which was
Child-Pugh class A in 20, and class B in 10 patients. Acute reactions of PRT were well
tolerated, and PRT was completed as planned in all patients. Four patients died of hepatic
insufficiency without tumor recurrence at 6 to 8 months. Three of these four patients had
pretreatment indocyanine green retention rate at 15 minutes of more than 50%. After a
median follow-up period of 31 months (16 to 54 months), only one patient experienced
recurrence of the primary tumor, and 2-year actuarial local progression-free rate was 96%
(95% ClI, 88% to 100%). Actuarial overall survival rate at 2 years was 66% (48% to 84%).

Conclusion

PRT showed excellent control of the primary tumor, with minimal acute toxicity. Further
study is warranted to scrutinize adequate patient selection in order to maximize survival
benefit of this promising modality.

J Clin Oncol 23:1839-1846. © 2005 by American Society of Clinical Oncology

cutaneous local ablation,””? respectively, for
an adequately selected population of pa-

Cirrhosis is found in more than 80% of pa-

tients with hepatocellular carcinoma
(HCC). This precludes more than 70% of
the patients from receiving potentially cura-
tive treatments, and also contributes even-
tually to fatal hepatic insufficiency and
multifocal tumorigenesis."”* Approximate-
ly 50% to 70% and 30% to 50% of 5-year
overall survival was achieved with surgery
including liver transplantation®® and per-

tients. However, no standard strategy has
been established for patients with unresect-
able HCC at present.

Partial liver irradiation for HCC using
50 to 70 Gy of megavoltage x-ray with or
without transarterial chemoembolizaztion
(TACE) for 5 to 7 weeks has been widely
applied during the last two decades. This
resulted in response rates of 33% to 67%,
with a median survival period of 13 to 19
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months and 10% to 25% overall survival at 3 years.'!2

Since 1985, proton radiotherapy (PRT) administered at a
median dose of 72 cobalt gray equivalent (Gyg) in16 frac-
tions during 3 weeks with or without TACE, had been
applied in more than 160 patients with HCC at the Univer-
sity of Tsukuba, resulting in a more than 80% local
progression-free survival rate with 45% and 25% overall
survival at 3 and 5 years, respectively.'>'* The excellent
depth-dose profile of the proton beam enabled us to em-
bark on an aggressive dose escalation while keeping a cer-
tain volume of the noncancerous portion of the liver free
from receiving any dose of irradiation. This single-
institutional, single-arm, prospective study was conducted
to confirm encouraging retrospective results of PRT for
HCC using our newly installed proton therapy equipment.

Patient Population

Patients were required to have uni- or bidimensionally mea-
surable solitary HCC of = 10 ¢m in maximum diameter on
computed tomography (CT) and/or magnetic resonance (MRI)
imaging. In addition, the following eligibility criteria were re-
quired: no history of radiotherapy for the abdominal area; no
previous treatment for HCC within 4 weeks of inclusion; no
evidence of extrahepatic spread of HCC; age = 20 years; Zubrod
performance status (PS) of 0 to 2; WBC count = 2,000/mm?;
hemoglobin level = 7.5 g/dL; platelet count = 25,000/mm?>; and
adequate hepatic function (total bilirubin = 3.0 mg/dL; AST and
ALT < 5.0X upper limit of normal; no ascites). Patients who had
multicentric HCCs were not considered as candidates for this
study, except for those with the following two conditions:
(1) multinodular aggregating HCC that could be encompassed by
single clinical target volume; (2) lesions other than targeted tumor
that were judged as controlled with prior surgery and/or local
ablation therapy. Because a planned total dose would result in a
significant likelihood of serious bowel complications, patients
who had tumors abutting or invading the stomach or intestinal
loop were excluded. The protocol was approved by our institu-
tional ethics committee, and written informed consent was ob-
tained from all patients.

Pretreatment Evaluation

All patients underwent indocyanine green clearance test, and
the retention rate at 15 minutes (ICG R15) was measured for the
purpose of quantitative assessment of hepatic functional reserve.
CBC, biochemical profile including total protein, albumin, total
cholesterol, electrolytes, kidney and liver function tests, and sero-
logical testing for hepatitis B surface antigen and antihepatitis C
antibody were done. C-reactive protein and tumor markers in-
cluding alpha feto-protein and carcinoembryonic antigen were
also measured. Chest x-ray was required to exclude lung metasta-
sis. All patients were judged as unresectable by expert hepatobili-
ary surgeons in our institution, based on their serum bilirubin
level, ICG R15, and expected volume of resected liver.'® Gastroin-
testinal endoscopy was done to exclude active ulcer and/or inflam-
matory disease located at the stomach and the duodenum. All
patients underwent abdominal ultrasonography, triphasic CT or
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MRI, CT during arteriography and arterial portography.'® Diag-
nosis of HCC was based on radiographic findings on triphasic
CT/MRI. Radiologic criteria for HCC definition were as follows:
tumor showing high attenuation during hepatic arterial and portal
venous phase indicating hypervascular tumor; tumor showing low
attenuation during delayed phase indicating rapid wash-out of
contrast media. Confirmatory percutaneous fine-needle biopsies
were required for all patients unless they had radiologically com-
patible, postsurgical recurrent HCC. Tumors that broadly abut on
the vena cava, portal vein, or hepatic vein that were associated with
caliber changes and/or filling defects of these vessels, were tenta-
tively defined as positive for macroscopic vascular invasion. One
patient had visible tumor on flucroscopy because of residual iodized
oil contrast medium used in previous TACE. For the other 29 pa-
tients, one or two metallic markers (inactive Au grain of which the
diameter and length were 1.1 mm and 3.0 mm, respectively) were
inserted percutaneously at the periphery of the target tumor.

Treatment Planning

PRT was performed with the Proton Therapy System (Sumi-
tomo Heavy Industries Ltd, Tokyo, Japan), and treatment plan-
ning, with the PT-PLAN/NDOSE System (Sumitomo Heavy
Industries Ltd). In this system, the proton beam was generated
with Cyclotron C235 with an energy of 235 MV at the exit. Gross
tumor volume (GTV) was defined using a treatment planning CT
scan using X Vision Real CT scanner (Toshiba Co Ltd, Tokyo, Japan),
and clinical target volume (CTV) and planning target vohume (PTV)
were defined as follows: CTV = GTV + 5mm, and PTV = CTV + 3
mm of lateral, craniocaudal, and anteroposterior margins. Proton
beam was delivered with two-beam arrangement to minimize irradi-
ated volume of noncancerous liver using our rotating gantry system.
The beam energy and spread-out Bragg peak'? were fine-tuned so
that 90% isodose volume of prescribed dose encompassed PTV. To
evaluate the risk of radiation-inducing hepatic insufficiency, dose-
volume histogram (DVH) was calculated for all patients.!”

Scanning of CT images for both treatment planning and
irradiation of proton beam were done during the exhalation phase
using a Respiration-Gated Irradiation System (ReGIS). Our ReGIS
during this study period was composed in the following manner:
strain gauge, which converts tension of the abdominal wall into
electrical respiratory signal, was put on the abdominal skin of the
patient; gating signal triggering CT scanning or proton beam was
generated during the exhalation phase.

Treatment

The fractionation and dosage in this study were based on the
results of a retrospective study at the University of Tsukuba. A
total dose ranging from 50 Gy in 10 fractions to 87.5 Gy; in 30
fractions (median, 72 Gy in16 fractions) was administered with-
out serious acute and late adverse events. All patients received PRT
to a total dose of 76 Gy for 5 weeks in 3.8-Gy once-daily frac-
tions, four fractions in a week using 150 to 190 MV proton beam.
Relative biologic effectiveness of our proton beam was defined as
1.1.No concomitant treatment (eg, TACE, local ablation, systemic
chemotherapy) was allowed during and after the PRT, unless a
treatment failure was detected. Verification of patient set-up was
done in each fraction using a digital radiography subtraction sys-
tem. In this system, fluoroscopic images obtained at daily set-up
were subtracted by the original image that was taken at the time of
treatment planning. Position of the patient couch was adjusted to
overlap the diaphragm, inserted metallic markers, and bone land-
marks on the original position at the end of the exhalation phase.
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PRT wasadministered 4 days a week, mainly Monday to Thursday,
and Friday was reserved for maintenance of the PRT system. Pre-
defined adverse reaction of PRT was dermatitis, pneumonitis, hepatic
insufficiency, and gastrointestinal ulcer and/or bleeding. If one of
these reactions of grade 3 or higher, or unexpected reactions of grade
4 or higher were observed in three patients, further accrual of patients
was defined to be stopped. No further PRT was allowed when grade 4
hematologic toxicity or any of the toxicities of grade 3 or higher were
observed at the digestive tract or lung. PRT was delayed up to 2 weeks
until recovery when an acute nonhematologic toxicity of grade 3 or
higher, other than that described above, was observed. However,
when only an elevation of liver enzymes was observed without man-
ifestation of clinically significant signs and symptoms, PRT was al-
lowed to be continued according to the physician’s judgment.

Outcomes

It has been reported that the tumor, although achieving a
complete response, persisted over a long period, ranging from 3
weeks to 12+ months after the completion of PRT.'® Therefore, a
local progression-free survival rate at 4 weeks after the end of PRT
was adopted as the primary end point of this study, where an event
was defined as progression of the primary tumor with size increase
of more than 25%, in order to facilitate an interim analysis as
described in the Statistical Design section below. Assessment of
primary tumor response using CT and/or MRI was performed 4
weeks after the completion of PRT. Overall survival and disease-
free survival rates were also evaluated as secondary end points.
Death of any cause was defined as an event in calculation of overall
survival, whereas tumor recurrences at any sites or patient deaths
were defined as events for disease-free survival. Adverse events
were reviewed weekly during the PRT by means of physical exam-
ination, CBC, liver function test, and the other biochemical profilesas
indicated. The severity of adverse events was assessed using the Na-
tional Cancer Institute Common Toxicity Criteria (NCI-CTC) ver-
sion 2.0. After completion of PRT, reviews monitoring disease status,
including CT and/or MRI examinations and long-term toxicity were
done at a minimum frequency of once every 3 months.

Statistical Design

The null hypothesis of a true local progression-free rate of
50% or lower was based on average results of photon radiotherapy
reported from Japan, in which each study accumulated approxi-
mately 20 patients.'>'? This was tested against the alternative
hypothesis of a true rate of 80% or higher with an a level of 5% and
a power of 80%, which required 30 patients according to the
imethod by Makuch and Simon.'® If fewer than five patients expe-
rienced local progression-free status within 4 weeks postirradia-
tion at the end of first nine enrollments, the trial would be stopped.
Otherwise, if more than 24 patients remained Jocally progression-
free among the total of 30 patients, this would be sufficient to reject
the null hypothesis and conclude that PRT warrants further study.
Time-to-event analyses were done using Kaplan-Meier estimates,
and 95% CIs were calculated. The difference of time-to-event
curve was evaluated with the log-rank test. Multivariate analyses
were performed with Cox’s proportional hazards model.

Patients

Thirty patients were enrolled between May 1999 and
February 2003. Patient characteristics at the start of PRT are
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Table 1. Characteristics of 30 Enrolied Patients

Patients
Characteristic No. %

Age, years

Median 70

Range 48-87
Sex

Male 20 67

Female 10 33
ECOG performance status

0-1 29 97

2 1 3
Clinical stage (2)

| 9 30

it 19 63

i 2 7
Positive viral markers

Hepatitis B virus 3 10

Hepatitis C virus 26 87

Both 1 3
Child-Pugh classification

A 20 67

B 10 33

C o] 0
Pretreatment indocyanine green

clearance at 15 minutes, %

< 15 0 0

1540 21 70

40-50 5 17

> 50 4 13
Tumor size, mm

Median 45

Range 25-82

20-50 19" 63

> 50 N 37
Macroscopic vascular invasion

Yes 12 40

No 18 60
Morphology of primary tumor

Single nodular 26 87

Multinodular, aggregating 1 3

Diffuse 2 7

Portatl vein tumor thrombosis 17 3
Serum alpha-fetoprotein level, ng/mL

< 300 21 70

= 300 9 30
Histology

Well-differentiated 10 33

Moderately differentiated 14t 47

Poorly differentiated 2 7

Differentiation not specified 3 10

Negative {radiologic diagnosis only) 1 3
Prior treatment

No 13 43

Recurrence 6 20

Local ablation/TACE 1 37

Abbreviations: ECOG, Eastern Cooperative Oncology Group; TACE,
transarterial chemoembolization.

*“Includes one patient whose gross target volume was tumor thrombosis at
the posterior branch of right portal vein as a result of postsurgical recurrence.
tincludes two patients with histological diagnoses that were defined in
previous surgery.
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listed in Table 1. All patients had underlying liver cirrhosis
with an initial ICG R15 value of = 15%. Thirteen patients
received PRT as a first treatment for their HCC. Six patients
had postsurgical recurrences, and 11 received unsuccessful
local ablation and/or TACE to the targeted tumor before
PRT. Histologic confirmation was not obtained in one pa-
tient who had tumor with typical radiographic features
compatible with HCC. Vascular invasion was diagnosed as
positive in 12 patients. Three patientshad HCCof =3 cmin
diameter; however, they were not considered as candidates
for local ablation therapy because of tumor locations that
were in close proximity to the great vessels or the lung.

Adverse Events

All patients completed the treatment plan and received
76 Gyg in 20 fractions of PRT with a median duration of 35
days (range, 30 to 64 days). Prolongation of overall treat-
ment time of more than 1 week occurred in four patients:
three were due to availability of the proton beam, and one
because of fever associated with grade 3 elevation of total
bilirubin that spontaneously resolved within 1 week. Ad-
verse events within 90 days from commencement of PRT
are listed in Table 2. Decrease of blood cell count was
observed most frequently. A total of 10 patients experienced
transient grade 3 leukopenia and/or thrombocytopenia
without infection or bleeding necessitating treatment. Of
note, eight of them already had leuko- and/or thrombocy-
topenia, which could be ascribable to portal hypertension,
before commencement of PRT corresponding to grade 2 in
terms of the NCI-CTC criteria. Because none of the five
patients experiencing grade 3 elevation of transaminases
showed clinical manifestation of hepatic insufficiency and
maintained good performance status, PRT was not discon-
tinued. Nevertheless, these events spontaneously resolved
within 1 to 2 weeks.

Development of hepatic insufficiency within 6 months
after completion of PRT was defined as proton-inducing
hepatic msufficiency (PHI), and this was observed in eight
patients. Causal relationship between PHI and several fac-
tors are described separately below. One patient developed
transient skin erosion at 4 months that spontaneously re-
solved within 2 months. Another patient developed painful
subcutaneous fibrosis at 6 months that required nonsteroi-

Table 2. Adverse Events Within 90 Days From the Start of Proton
Beam Radiotherapy

Grade 0 1 2 3 4
Leukopenia 7 2 13 8 o]
Thrombocytopenia 2 6 15 7 0
Total bifirubin 20 2 7 1 ¢]
Transaminases 4 8 13 5 0
Nausea/anorexia 23 7 0 0 0
Overall (maximum grade) 8] 4 14 12 0
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dal analgesics for approximately 12 months thereafter. Both
of these skin changes developed at the area receiving = 90%
of the prescribed dose because the targeted tumors were
located at the surface of the liver adjacent to the skin.
However, they remained free from refractory ulcer, bleed-
ing, or rib fracture.

There were no observations made of gastrointestinal or
pulmonary toxicity of grade 2 or greater in all patients. In
addition, after percutaneous insertion of metallic markers,
no serious adverse events, including bleeding or tumor
seeding along the needle tracts, were observed.

Tumor Control and Survival

At the time of analysis on November 2003, 12 patients
had already died because of intrahepatic recurrence of HCC
in seven, distant metastasis in two, and hepatic insufficiency
without recurrence in three. Eleven of these 12 patients had
been free from local progression until death; the durations
ranged from 6 to 41 months (median, 8 months). One
patient who had a single nodular tumor of 4.2 cm in diam-
eter experienced local recurrence at 5 months and subse-
quently died of multifocal intrahepatic HCC recurrence.
Otherwise, 18 patients were alive at 16 to 54 months (me-
dian, 31 months) without local progression. A total of 24
patients achieved complete disappearance of the primary
tumor at 5 to 20 months (median, 8 months) post-PRT.
Five had residual tumor mass on CT and MRI images for 3
to 35 months (median, 12 months) until the time of death
(n = 4) or until last follow-up at 16 months (n = 1). As a
whole, 29 of 30 enrolled patients were free from local pro-
gression until death or last follow-up, and the local
progression-free rate at 2 years was 96% (95% CI, 88% to
100%). Tumor regression was associated with gradual
atrophy of the surrounding noncancerous portion of the
liver that initially suffered from radiation hepatitis,?° as
shown in Figure 1.

A total of 18 patients developed intrahepatic tumor
recurrences that were outside of the PTV at 3 to 35 months
(median, 18 months) post-PRT. Five of these occurred
within the same segment of the primary tumor. Eight pa-
tients received TACE, and four received radiofrequency
ablation for recurrent tumors; however, six did not receive
any further treatment because of poor general condition in
three and refusal in three. Five died without intrahepatic
recurrence. Seven patients remained recurrence-free at 16
to 39 months (median, 35 months). Actuarial overall sur-
vival rates were 77% (95% CI, 61% to 92%), 66% (95% CI,
48% to 84%), and 62% (95% CI, 44% to 80%), and disease-
free survival rates were 60% (95% CI, 42% to 78%), 38%
(95% CI, 20% to 56%), and 16% (95% CI, 1% to 31%) at 1,
2, and 3 years, respectively (Fig 2).

Correlation of Survival With Prognostic Factors
Overall survival was evaluated according to 10 factors
as listed in Table 3. Univariate analyses revealed that factors
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