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Figure 1. Overall survival in 17 cases 5-year survival rate was 29.6%
(13/17) and the median survival time was 15.2 months.

There have been some reports of chemoradiation for T4
esophageal cancer using 5-FU plus cisplatin. Ohtsu et al.
reported in a trial of 21 patients that the 3-years survival rate
was 23% and the median survival time was nine months;
there were four treatment-related deaths (20). The Japan
Clinical Oncology Group (JCOG) reported that the median
survival time was 305.5 days, and the 2-year survival rate was
31.5% in a trial with 60 patients. As far as toxicity was
concerned, one toxicity-related death occurred. The major
form of toxicity exceeding grade 2 was found to be
myelosuppression; grade 4 toxicity was observed in five
patients (21). In our study, the recurrent cases received
second-line chemotherapy with/without salvage surgery.
Although our study can not be compared with the study
described above, it was a good outcome that five-year overall
survival was 29.6%, median survival time was 15.2 months,
response rate was 76.4% and disease control rate was 82.4%.

TS-1 has not yet received approval for esophageal cancer
by the Ministry of Health, Labor and Welfare in Japan.
However, TS-1 has had favorable effects for many kinds of
cancers, as mentioned above. A phase I/II study of definitive
chemoradiotherapy for esophageal cancer using TS-1 plus
cisplatin and concurrent radiation has finished the registration
phase and the data have been analyzed by JCOG (22).

When the treatment-related death occurred, the case was
valuated by the Safety Review Committee in this trial. The
recommendation was that the dose of docetaxel recommended
should be reduced from 30 mg/m? to 20 mg/m?, because the
response did not differ among each dosage in phase I but
there was a possibility that radiation-induced pneumonitis
was related to docetaxel (23, 24).

The incidence of severe acute/late radiation-induced
pneumonitis was approximately 10% with cisplatin-based
second-generation chemotherapy and with radiation (23, 24).
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Figure 2. Progression-free survival in response 14 cases 5-year survival
rate was 41.4% (5/14) and the median survival time was 26.8 months.

Table 1. Adverse events. (CTCAEv4.0).

Grade (n)
1 2 3 4 5  Grade 3-5 (%)

Leukocytopenia 0 4 2 1 0 17.6
Neutrophilia 1 4 2 0 0 117
Ttronbocytopenia 0 1 1 0 0 5.8
Hemoglobin 0 2 1 0 0 5.8
General fatigue 2 4 0 0 0 0

Esophagitis 2 5 2 0 0 11.7
Fever 1 1 0 0 0 0

Pneumonitis 0 2 0 1 0 5.8
Sepsis 0 0 0 0 1 58

Segawa et al. reported radiation-induced pneumonitis was
severe in the group using docetaxel plus cisplatin with
concurrent radiation compared with the group using
mitomycin, vindesine and cisplatin in non-small-cell lung
cancer (25). Moreover, some studies reported that the
incidence of pneumonitis tended to be higher in elderly
patients (70 years or older) (26-28). In our study, the
treatment-related death was the oldest patient was 79 years -
old. Other toxicities including myelosuppression and
esophagitis might be reported to increase in elder patients
(26, 27), therefore when treating elderly patients, great care
should be taken if using this regimen.

TS-1 is the useful anticancer drug which is possible to be
administered by oral intake. The response rate in a single-
agent for gastric cancer was 44% in phase II study (29).
Gimeracil, one component of TS-1, is a dihydropyrimidine
dehydrogenase inhibitor used to maintain the concentration
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of 5-FU in the blood. This is convenient to be administered
and to be effective as same as infusion of 5-FU (10).

Recently, there have been some reports that gimeracil
enhanced the efficacy of radiation for cancer by inhibiting
rapid repair of X-ray-induced DNA damage in tumors. From
this point of view, chemoradiotherapy using TS-1 may be
useful in treating patients with locally advanced cancers
whose disease progression is difficult to control (12, 13).

In conclusion, chemoradiation using docetaxel plus TS-1
concomitant radiation leads to a high response rate and high
local disease control rate. This method has the benefit of no
need for high volume hydration and continuous infusion of
anti-cancer drug. However, clderly patients must be carefully-
monitored to avoid toxicity such as pneumonitis.
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Abstract

Purpose Boron neutron capture therapy (BNCT) is
among the radiation treatments known to have a selective
lethal effect on tumor cells. This study summarizes the
tumor responses and the acute and late adverse effects of
BNCT in the treatment of patients with both recurrent and
newly diagnosed T4 salivary gland carcinoma.

Methods Two patients with recurrent cancer and 3 with
newly diagnosed T4 advanced malignancy were registered
between October 2003 and September 2007, with the
approval of the medical ethics committees of Kawasaki
Medical School and Kyoto University. BNCT was per-
formed, in a single fraction using an epithermal beam, at
Japan Research Reactor 4.

Results  All patients achieved a complete response within
6 months of treatment. The median duration of the com-
plete response was 24.0 months; the median overall sur-
vival time was 32.0 months. Three of the 5 patients are still
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alive; the other 2 died of distant metastatic disease. Open
biopsy of the parotid gland after BNCT was performed in 1
patient and revealed no residual viable cancer cells and no
serious damage to the normal glandular system. Although
mild alopecia, xerostomia, and fatigue occurred in all
patients, there were no severe adverse effects of grade 3 or
greater. ‘
Conclusions Our preliminary results demonstrate that
BNCT is a potential curative therapy for patients with
salivary gland carcinoma. The treatment does not cause
any serious adverse effects, and may be used regardless of
whether the primary tumor has been previously treated.

Keywords BNCT - Paraboronophenylalanine - 18F-BPA
PET - Salivary gland carcinoma - Radio-resistant cancers

Introduction

Head and neck cancers (HNCs) account for approximately
10 % of all malignancies, and about 90 % of HNCs
consist of squamous cell carcinoma. Salivary gland car-
cinomas are among the non-squamous cell carcinomas
and may consist of either adenocarcinoma, mucoepider-
moid carcinoma, or adenoid cystic carcinoma. These rare
malignant epithelioid tumors account for less than 5 % of
HNCs [1, 2].

Surgery represents the mainstay of treatment for small,
well-localized, low-grade salivary gland carcinoma. The
main drawback of surgery, especially for patients with
advanced tumor stage (T-stage) malignancy (T3/T4), is
the resultant deterioration in quality of life, given the
many important physiological functions of the tissues
involved and the cosmetic issues related to surgery.
Patients with locally advanced cancer are often deemed

@ Springer



438

Int J Clin Oncol (2014) 19:437-444

inoperable because of technical issues related to the tumor
extent and location. Patients with serious medical
comorbidities may also be considered inoperable. Patients
may refuse surgery because of the potential deterioration
in quality of life or for other, personal reasons. These non-
surgical patients are candidates for radiation therapy.
Several authors have reported that a dose-response rela-
tionship may exist with radiotherapy and have described
relatively favorable results with the sole use of radiation at
a dose greater than 66 Grey (Gy) for the definitive treat-
ment of T1-3 disease [3-5]. However, the results in
patients with T4 disease are reportedly less favorable for
both local control and overall survival [6]. Therefore,
alternatives to surgery and to conventional radiation
therapy are required for the primary treatment of locally
advanced salivary gland cancer.

Boron neutron capture therapy (BNCT) is a form of
high linear energy transfer (LET) radiation therapy. With
this type of treatment, high radiation doses can be
selectively delivered to tumor cells without causing seri-
ous damage to the normal surrounding tissue, utilizing the
high boron 10 (10B) accumulation that occurs in the
tumor. Clinical trials on the treatment of recurrent HNC,
including recurrent salivary gland carcinoma, have been
conducted using L-10B-para-boronophenylalanine (L-
BPA) as a boron delivery agent for BNCT [7-9]. The
median overall survival in these studies ranged from 12.0
to 13.5 months, and the 3-year overall survival rate was
31-39 %. BNCT was especially effective for patients with
recurrent salivary gland carcinomas; their 3-year overall
survival rate was 78 %. Therefore, BNCT has the
potential to be a curative therapy for patients with locally
advanced salivary gland carcinoma, both as secondary
treatment and as initial treatment. This preliminary study
summarizes the tumor responses and the acute and late
phase reactions of normal tissue with BNCT in patients
with recurrent and newly diagnosed T4 salivary gland
carcinoma.

Table 1 Patient and tumor characteristics

Methods and materials
Patient and tumor characteristics

The indications for the use of BNCT at our institution were
as follows: (1) newly diagnosed or recurrent locally
advanced (T3 and T4) cancers; (2) deepest part of the
tumor within 5 cm of the skin surface; (3) a tumor/normal
tissue (T/N) boron concentration ratio, obtained from
fluorine-18-labeled fluoroboronophenylalanine positron
emission tomography (FBPA-PET), greater than 2.5 [10];
(4) consent to perform BNCT from the patient and the
patient’s family; and (5) World Health Organization per-
formance status 2 or less.

All study patients had proven salivary gland carcinoma
by histopathological and/or cytological examination. Pre-
treatment evaluation consisted of a history and physical
examination, complete blood count, biochemical analysis,
chest radiography, computed tomography (CT) and/or
magnetic resonance imaging of the head and neck, and
[18F]-2-fluoro-2-deoxy-p-glucose positron emission tomog-
raphy (FDG-PET).

Patient and tumor characteristics, including tumor node
metastasis (TNM) stage and time until recurrence, are
summarized in Table 1. Two patients with recurrent cancer
(Patients 1 and 2, recurrence group) and 3 with newly diag-
nosed T4 advanced malignancy (Patients 3-5, initial treat-
ment group) were enrolled between October 2003 and
September 2007 with the approval of the medical ethics
committees of Kawasaki Medical School and Kyoto Uni-
versity and of the Nuclear Safety Bureau of the Japanese
government. The T-stage in the recurrence group was con-
sidered to be the original, pretreatment stage. The mean
patient age was 56.0 years (range 44—74 years) at the time of
study entry. The median follow-up period was 30.4 months
(range 22-38 months). The most predominant histology was
adenoid cystic carcinoma. No patients showed evidence of
neck disease or distant metastasis. Patient 1 had previously

Patient  Tumor site Age/sex  WHOPS  Histology TNM GTV (cm®  Previous treatment

1 Submandibular gland ~ 54/F 1 ACC rT4aNOMO 325 Submandibulectomy radiation (66 Gy,
2 Gy/Fx)*

2 Maxillary sinus 44/M 1 ACC rT4bNOMO 1150 Palliative surgery radiation (60 Gy,
2 Gy/Fx + 50 Gy, 10 Gy/Fx)**

3 Parotid gland T4/F AC T4aNOMO 42.1 None

4 Lachrymal sac 58'M 0 ACC T4NOMO 23.1 None

5 Maxillary sinus 50/F 0 ACC T4aNOMO 88.4 None

ACC adenoid cystic carcinoma, AC acinic cell carcinoma, GTV gross target volume, TNM tumor node metastasis, WHO PS World Health

Organisation performance status

* This case recurred 10 years after initial treatment (T2NOMO Stage II ACC)
*#* This case recurred 3 years after initial treatment (T4NOMO Stage IV ACC)

@ Springer

383



Int J Clin Oncol (2014) 19:437-444

439

received conventional radiation therapy (total dose, 66 Gy)
after radical surgery. Patient 2 had previously received
conventional radiation therapy (60 Gy), stereotactic radio-
therapy (50 Gy), and palliative surgery. All patients in the
initial treatment group refused surgery.

Treatment procedures and dose calculation

L-BPA in fructose solution was used as a boron delivery
agent at a total dose of 500 mg/kg. An intravenous BPA
drip infusion of 200 mg/kg per hour was started 2 h before
neutron irradiation, with the flow reduced to 100 mg/kg per
hour during treatment [11]. Patients were placed on the
treatment table in a sitting or supine position, and their head
position was fixed after confirming appropriate placement
with positioning lasers. A neutron collimator, 10-15 cm in
diameter, was constructed to shield normal tissue. Ther-
moluminescence dosimeters were attached to the skin sur-
face involved in the irradiation field, and gold wires were
placed inside the collimators for dosimetry. Venous blood
samples were obtained every hour, between the start of BPA
administration and the completion of treatment, in order to
measure boron concentration by prompt y-ray spectrometry.
Neutron flux (neutron/cm?/s) was measured 10 min after
the start of irradiation by gold-foil activation analysis.
Neutron irradiation was performed in a single fraction,
using an epithermal beam, at a reactor power of 3.5 MW.
All patients were treated in Japan Research Reactor 4 of the
Japan Atomic Energy Agency (JAEA).

The radiation dose calculation before treatment com-
pletion, and the evaluation after treatment, were made
using a computer work station equipped with the JAEA
computational dosimetry system (JCDS), a dose-planning
software program [12]. Serial CT images were entered into
the JCDS, and the gross target volume (GTV) was defined
using the 3-dimensional images of the head and neck

GTV

Fig. 1 Radiation field of Patient 2 (a) and Patient 5 (b). The eyes of
tumor side for Patient 2 and Patient 5 were included in radiation field
by yellow circle (JCDS)

384

reconstructed from the CT data (Fig. 1). The tumor and
normal-tissue doses were expressed as the photon-equiva-
lent dose (Gy-Eq), calculated as the weighted dose adjusted
for relative biological effectiveness (RBE) and compound
biological effectiveness (CBE) factors [13]. The RBE
factor was 3.0 for fast-neutron and thermal-neutron dose
components, and 1.0 for the y-ray dose component. The
CBE factor for L-BPA in tumor, normal skin, normal
mucosa, and eye was 3.8, 2.5, 4.9, and 2.5, respectively.
The minimum planned dose at the GTV was 20 Gy-Eq;
the maximum dose for normal skin and mucosa within the
irradiated field was limited to 15 Gy-Eq in the recurrence-
group patients and 18 Gy-Eq in the initial treatment-group
patients. The maximum dose for the contralateral eye was
10 Gy-Eq. The neutron irradiation time was estimated by
the JCDS, based on the blood boron concentration during
treatment and the neutron flux. FBPA-PET was used to
estimate the tumor/blood ratio and normal tissue/blood
ratio for boron; the boron concentrations in the tumor and
in the normal tissues (to give the T/N ratio upon which
dosing was based) were estimated by multiplying the blood
concentration by the FBPA-PET data for each patient.

Follow-up

All patients were analyzed at 4-week intervals after BNCT.
Follow-up CT was performed at 1, 3, 6, and 12 months,
and FDG-PET was performed every 3 months for the first
year after BNCT. For the second year, patients underwent
CT and FDG-PET every 4-6 months. The treatment
response was evaluated using the Response Evaluation
Criteria in Solid Tumor guidelines [14]. Adverse effects
were defined by the Common Terminology Criteria for
Adverse Events, version 3.0 [15].

Results
T/N ratios and boron concentrations

The T/N boron ratios before BNCT ranged from 2.5 to 5.0
(Table 2). The median blood boron concentration at the time
of neutron irradiation was 25.3 pg/g (range 22.6-29.3 ng/g).
As previously stated, the boron concentrations in the tumor
and normal tissue were estimated by multiplying the blood
concentration by the FBPA-PET data for each patient.

Radiation doses by BNCT
The minimum GTV dose of 20 Gy-Eq was achieved in all
patients (Table 2), with the mean dose ranging from 32.9 to

82.3 Gy-Eq. The maximum dose delivered to normal tissue,
such as the skin of the head and neck, the oropharyngeal
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Table 2 Dose evaluation after BNCT

Patient T/Nratio Blood boron  Irradiation  Radiation dose to the tumor (Gy-Eq)  Radiation dose to the organs at risk (Gy-Eq)
concentration  time (min)

Average Minimum Skin Mucosa Eye
1 3.8 24.4 45 52.4 304 14.1 14.0 73 D 3.1 ()
2 2.5 25.6 38 38.9 21.2 9.3 9.9 10.8 (O 33 (O
3 5.0 29.3 25 823 44.2 9.0 8.1 1.8 (M
4 35 22.6 35 63.6 344 16.6 15.8 141 (@M 10.2 (C)
5 25 253 51 48.8 20.0 17.3 14.1 18.4 () 4.9 (C)

I ipsilateral, C contralateral

Fig. 2 Case presentation
(Patient 2). Top left image CT
findings before BNCT. The
tumor recurred in maxillary
sinus and the temporal region.
Top right, 3 months later, the
tumor size reduced on CT.
Bottom left image FDG-PET
findings before BNCT. The
recurrent tumor showed uptake
FDG for both lesions. Bottom
right, 9 months later, the FDG-
PET showed substantial
decrease in tumor uptake

mucosa, and the contralateral eye, were within the planned =~ BNCT (Table 3). Patient 3 (initial treatment group) developed
dose range. The mean dose for the skin and the mucosa in  an enlarged regional neck lymph node, beyond the irradiation
the recurrence group was 14.1 and 9.3 Gy-Eq and 14.0 and  field, 17 months after BNCT. Selective neck dissection was
9.9 Gy-Eq, respectively. The dose for the skin and the  performed; no evidence of disease was found after this lymph
mucosa in the initial treatment group ranged from 9.0 to  node was removed. We were able to evaluate the histological
16.6 Gy-Eq and 8.1 to 15.8 Gy-Eq, respectively. The ipsi-  changes caused by BNCT in this patient, who gave written
lateral eye in Patients 2, 4, and 5 was included in the radi-  consent for this investigation. Open biopsy of the parotid
ation field (Fig. 1a, b), with eye doses exceeding the  gland was performed at the time of selective neck dissection,

planned dose (10.8, 14.1, and 18.4 Gy-Eq, respectively). with pathological examination revealing no residual viable
cancer cells in the parotid gland and no serious damage to the
Tumor response and adverse effects normal glandular system (Fig. 5).

The median overall survival time was 32.0 months
All patients achieved a complete response within 6 monthsof ~ (range 22-38 months). Three of 5 patients were still alive
BNCT (Figs. 2, 3, 4). The median duration of this complete  at the conclusion of the study period; the others died of
response was 24.0 months (range 22-32 months). One of the  distant metastatic disease.
2 patients in the recurrence group experienced local recur- All patients developed grade 1-2 acute adverse effects
rence 24 months after BNCT, and 1 patient in each group  in the irradiated field (Table 3), with the most frequently
developed distant metastasis between 12 and 19 months after ~ seen complication being grade 1 dermatitis. Dermatitis
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Fig. 3 Case presentation
(Patient 3). Left prior to
irradiation, right 2 months after
irradiation. Before irradiation
(left), the right parotid gland
region was tumor, shown by
circle. Two months after BNCT
(right), the CT showed that the
tumor almost disappeared and
looked like scart 3

1

850 nm

e e e

Fig. 4 Case presentation
(Patient 4). Before irradiation
(left), left orbital tumor on CT
shown by red circle. Six months
later (right), the tumor
disappeared

developed on the first day of BNCT in all patients who
experienced this side effect, and lasted for 3 weeks. Mu-
cositis was also frequently observed within 1 week of
treatment, disappearing within 3-5 weeks. A late adverse
effect was defined as developing at an interval of longer
than 3 months after BNCT. Although mild alopecia,
xerostomia, and fatigue occurred in all patients except 1, no
severe late adverse effects of grade 3 or higher were
observed. Despite the inclusion of the ipsilateral eye in the
radiation field, there was no evidence of visual disturbances
or cataracts in Patients 2, 4, and 5.

Discussion

Three patients in the present series were newly diagnosed
with T4 disease, and their first treatment experience was
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with BNCT. To the best of our knowledge, BNCT as pri-
mary treatment has not been performed elsewhere. All
patients showed a complete response within 6 months of
treatment. Although most patients experienced at least 1
adverse effect, either acute or late phase, the symptoms
were mild and generally tolerable. Our results demonstrate
that BNCT is feasible and safe for patients with salivary
gland carcinoma. The treatment does not cause any serious
adverse effects, and may be used regardless of whether the
primary tumor has already been treated.

Carcinomas originating from the salivary glands were once
thought to be radioresistant, and surgery was considered the
primary treatment. Recent reports, however, disproved this
notion by demonstrating that postoperative radiotherapy
improves locoregional control for patients with close or
incomplete resection, perineural invasion, and advanced-
stage salivary gland carcinoma [21-23]. Chen et al. [3]
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Table 3 Clinical results of all patients

Patient Tumor Acute adverse Late adverse Loco-regional Distant metastasis Survival

response effects (Grade) effects (Grade) control (months) (months) and sites (months)

1 CR Dermatitis (G1) None 24 None 36, alive
Oral pain (G1)
Mucositis (G1)

2 CR Dermatitis (G1) Alopecia (G2) 22 12, lung 22, DOC
Alopecia (G1)

3 CR Dermatitis (G1) Alopecia (G1) 38 None 38, alive
Mucositis (G1)
Oral pain (G1)

CR Dermatitis (G1) None 32 None 32, alive

5 CR Dermatitis (G2) Fatigue (G1) 24 19, bone 24, DOC

Mucositis (G1)
Nausea/vomiting (G1)
Dry eye (G2)

Alopecia (G2)

Taste alteration (G1)

DOC died of cause

Fig. 5 Histological
examination of Patient 3. The
tumor lesion scarred in a CT
image 5 months after the
BNCT. Five months after
BNCT, CT showed no tumor
with scar formation. This case
underwent open biopsy to check
the residual viable cancer cells.
The pathological examination
revealed that no malignant
tumor cells were observed in the
scar tissue (a), and that the
parotid tissue showed almost no
damage by radiation (b)

reported that radiation therapy alone can also achieve long-
term local control and improve survival in a significant per-
centage of patients treated. However, local control in patients
with advanced T-stages in Chen’s study was much worse than
in those with early-stage disease: 8 of 12 patients with T4
disease developed a local recurrence, and the 10-year local
control rate was 30 % in these patients, compared with 81 %
in patients with T1/T2 disease. An advanced T-stage was
also identified as a significant independent predictor of
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local recurrence in other retrospective studies [20, 21, 24].
All patients in our series showed a complete response after
BNCT, in spite of having advanced T-stages, and only 1
patient in the recurrence group experienced a locoregional
recurrence. This finding suggests that BNCT has a theoretical
advantage over conventional low LET radiation for the
treatment of advanced T-stage salivary gland carcinoma, with
its superiority of dose distribution and the biological differ-
ences in cellular response.
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Re-irradiation has been accepted as an alternative to
surgery for patients with recurrent disease. Several authors
have reported the importance of re-irradiation, with or
without concomitant chemotherapy, in improving survival
in patients with recurrent HNCs [16-19]. In these reports,
the median overall survival was 8.5-15.0 months, and the
median progression-free survival was 5.7-6.1 months. In
our study, the overall and progression-free survival
in Patient 1 was 36 and 24 months, respectively, and in
Patient 2 was 22 and 12 months, respectively.

None of our study patients experienced Grade 3 or
higher adverse effects after BNCT, whereas previous
studies have reported severe acute and late toxicities of
Grade 3-4 or higher in 10-20 % of patients who receive
irradiation or re-irradiation using conventional photon
therapy [16-20, 25]. Although direct comparison of our
series with previous studies is impossible because of our
small study sample, the results of BNCT are seemingly
more favorable.

Pathological examination in Patient 3 revealed no
detectable cancer cells in the post-treatment surgical
specimen, and very little damage to the normal part of the
parotid gland. If this patient had received the same dosage
in the form of conventional photon therapy, normal glan-
dular cells in proximity to the parotid tumor would not
have survived. This provides evidence that BNCT can
achieve complete response on the cellular level without
severe damage to the surrounding normal tissue, resulting
in prominent local control and minimal adverse effects.

A high rate of distant metastasis has been reported in
patients with advanced T-stage disease, with a significant
association observed between advancing T-stage and the
presence of these metastases [3, 21, 25]. Although all
patients in the present study had advanced T-stage disease,
not all patients showed clinically recognizable distant
metastases. The 2 patients (Patients 2 and 5) who devel-
oped distant metastases had tumors of relatively large
volume (Table 1), suggesting that the chance of micro-
scopic dissemination becomes higher with a larger tumor
volume at presentation. The development of effective
systemic therapy strategies that can be used concomitantly
with BNCT is needed to reduce the risk of distant
metastasis.

Because a nuclear reactor is required to obtain sufficient
numbers of epithermal neutrons, BNCT is performed in
only a few institutes at the present time. In addition, BNCT
is also limited by appropriate 10B dose distribution, with
treatment not possible with low tumor accumulation (T/N
ratio less than 2.5). However, with the development of
accelerator-based neutron sources, and of other kinds of
boron-delivery agents and systems for improving 10B
accumulation in tumors, it is expected that BNCT may
become widespread as an alternative to surgery or
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advanced salivary gland carcinoma.

patients

Conclusion

Our preliminary results demonstrate that BNCT is a
potential curative therapy for patients with salivary gland
carcinoma. The treatment does not appear to cause serious
adverse effects, and may be used as treatment for either
primary or recurrent disease. Although these excellent
clinical results will have a major impact on future strate-
gies for treatment of salivary gland carcinoma, this study
was limited by a short follow-up period and a small number
of patients. A longer duration of follow-up and a larger
prospective study are needed to verify these initial resuits.
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Abstract

Background In Japan, there are still no reports of long-
term outcome for hypofractionated radiotherapy to the
whole breast after breast-conserving surgery (BCS). We
report our institution’s results from evaluation of the effi-
cacy and safety of hypofractionated radiotherapy for Jap-
anese women.

Methods Data in the medical records of 327 patients were
retrospectively reviewed. The patients were treated with
hypofractionated radiotherapy between January 2003 and
December 2006 at the Kawasaki Medical School Hospital
and were followed for more than 3 years. The median age
was 54 years old (the age range was 28-80 years). The
whole breast was irradiated with a total dose of 42.56 Gy/
16 fx with boost irradiation to positive margins. Adjuvant
therapy consisted of chemotherapy and/or hormone therapy
and was administered to 300 patients, based on their stage
or pathological findings.
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Results  Follow-up periods ranged from 21 to 92 months;
the median follow-up period was 60 months. At 5-year
follow-up, overall survival, cause-specific survival,
relapse-free survival, and local control were 96.0, 97.5,
95.3, and 99.7% respectively. Grade 2 radiation pneumo-
nitis occurred in five patients. Grade 2 radiation dermatitis
occurred in 17 patients. Severe late complications were not
observed.

Conclusions In our study, hypofractionated radiotherapy
led to good results without severe toxicity. We believe
hypofractionated radiotherapy after BCS is safe and effi-
cient treatment for Japanese women.

Keywords Breast cancer - Breast-conserving surgery -
Hypofractionated radiotherapy

Introduction

Breast-conserving therapy, consisting of breast-conserving
surgery (BCS) followed by whole breast irradiation, is an
established standard treatment for patients with early breast
cancer [1-10]. In Japan, a fraction dose of 1.8-2 Gy and a
total dose of 45-50 Gy are usually applied in the postop-
erative setting with or without additional boost irradiation
of the excision site. In late years, alternative hypofrac-
tionated radiotherapy (e.g., 42.56 Gy/16 fx, 41.6 Gy/13 fx,
40 Gy/15 fx) has been reported to be feasible and accept-
able [11-17] and is becoming popular as a convenient
regimen. There are few reports of long-term results of
hypofractionated radiotherapy for Japanese women. Mor-
bidity of breast cancer is lower in Japan than in Europe and
the United States. In addition, large breasts are more
common in Europe and the United States than in Japan.
Therefore, an original survey is needed to investigate the
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efficacy and safety of hypofractionated radiotherapy for
Japanese women. We introduced hypofractionated radio-
therapy after BCS as practical clinical treatment in 2003.
We retrospectively investigate and describe the long-term
results in this article.

Patients and methods
Patient selection

In our institution, since January 2003, all patients planned

to receive postoperative radiotherapy after BCS were

informed about the merits and demerits of two regimens,

50 Gy/25 fx (conventional regimen) and 42.56 Gy/16 fx

(hypofractionated regimen), on the basis of published data

[14]. The choice was entrusted to each patient, and more

than 95% of patients selected the hypofractionated regi-

men, and gave written informed consent. Therefore, 910

patients were treated with the hypofractionated regimen

from January 2003 to September 2010. Patient data in the
medical records were retrospectively reviewed. Eligibility
criteria for this analysis were:

1 treated with BCS followed by whole-breast hypofrac-
tionated radiotherapy consisting of 42.56 Gy in 16
fractions with or without boost irradiation to the tumor
bed;

2 patients with early-stage breast cancer of pStage0-IIB;
and

3 follow-up period of more than 3 years after the
completion of radiotherapy.
To avoid statistical complexity, exclusion criteria were:

1 lost to follow-up within 3 years (n = 16);

2 died of other disease within 3 years without recurrence
of breast cancer (n = 3);

3 simultaneous bilateral breast cancer (n = 7);

4 history of breast cancer (n = 13);

5 induction chemotherapy (n = 5); and

6 incomplete radiotherapy (n = 2).

As a result, 327 patients were included in this retro-
spective analysis. Patient characteristics are summarized in
Table 1.

Surgery

All patients received BCS: wide excision (Bp) in 185
patients and quadrantectomy (Bq) in the other 142. No
patient received tumorectomy (Tm). If cancer cells
remained within 5 mm from the surgical margin, the
specimen was defined as “stump-positive.” In this study,
66 patients had positive margins at final pathological
examination. 181 patients underwent level I/II axillary
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Table 1 Clinical, tumor, and treatment characteristics

Clinicopathologic characteristic n

Age 28-80 (median 54)
<50/>50 1157212
PS

0-1/2/3> 325/2/0
Surgery

Bp or Bq only/SNB/Ax 29/117/181

Bp/Bg/Tm 185/142/0
Chemotherapy

Yes/no 109/218
Hormone therapy
Yes/no 261/66
pT stage

is/1/2/3 29/206/91/1
pN stage

0/1 261/66
pStage

Stage 0 29

Stage I 164

Stage IT A 107

Stage II B 27
Histology

DCIS 28

IDC 268

Special types 29

Unclassified or NA 2
Margins

Positive/negative 66/261
ER and/or PgR*

Positive/negative/NA 253/38/36
HER2

Positive/negative/NA 30/252/45

Ax axillary dissection; Bp wide excision; Bq quadrantectomy; CR
complete response; DCIS ductal carcinoma in situ; ER estrogen
receptor; IDC invasive ductal carcinoma; NA not available; PgR
progesterone receptor; SNB sentinel node biopsy; Tm tumorectomy

* The definition of hormone-receptor positive is that one or both of
ER or PgR receptor is positive

lymph nodes dissection. 117 patients underwent sentinel
node biopsy (SNB) alone. Twenty-nine patients received
no axillary surgery.

Radiotherapy

Techniques of radiotherapy, except for dose fractionation,
were as same as for traditional methods. Patients were
treated with external beam radiotherapy to the whole
breast, using tangential fields with 4-6 MV photons.
The field border was determined in the following way:
the inferior border was located 1-2 cm below the
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inframammary fold; the superior border, at the height of
the suprasternal notch; the medial border, at the midsternal
line; and the lateral border, at the mid-posterior axillary
line. The anterior margin was located at least 2 cm from
the surface of the breast and the posterior margin was
maintained with a gantry-tilting technique to limit the
maximum lung depth included in the field to 3 ¢cm or less.
A total dose of 42.56 Gy/16 fr was prescribed generally at
the isocenter and, when necessary, wedge filters and/or the
field-in-field technique were used to optimize dose homo-
geneity. The objective of optimization was to keep the
minimum dose in the deep part of the breast no less than
95% and to limit the maximum dose within the breast to no
more than 107% of the prescribed dose. For positive
margins, additional boost irradiation of 10-13.3 Gy/4-5
fractions (using 4-11 MeV electrons) was administered to
the excision site.

Adjuvant therapy

Any limitation of adjuvant therapy was not made in asso-
ciation with the hypofractionated radiotherapy. Adoption
of adjuvant therapy depended on attending surgeon, and
chemotherapy and/or hormone therapy were selected
according to commonly-accepted criteria based on patho-
logical stage or histological findings. 300 patients received
adjuvant systemic therapy. Chemotherapy involved various
combinations of the following drugs: cyclophosphamide,
adriamycin, 5-fluorouracil, methotrexate, epirubicin,
paclitaxel, docetaxel, tegaful-uracil, and doxifluridine.
Chemotherapy was administered sequentially (not concur-
rently) with radiotherapy. Hormone therapy involved the
following drugs: anastrozole, exemestane, tamoxifen,
toremifene citrate, leuprorelin, goserelin, and letrozole.
Hormone therapy was generally maintained from 2 to
5 years after the completion of radiotherapy.

Follow-up and patient evaluation

Patients were seen at least once a week during radiotherapy
and at 1 month after completing radiotherapy. They were
then seen every 3 months for 3 years. After 3 years, they
were seen annually. At each visit, physicians recorded a
history and performed a physical examination (mainly skin
reaction and respiratory symptoms related to radiotherapy).
A chest X-ray was taken before a radiotherapy session, and
then at each follow-up visit during the first year. From the
second year they had a routine chest X-ray semi-annually.
When X-ray films or physical symptoms suggested radia-
tion pneumonitis, more frequent X-ray tests or computed
tomography (CT) were considered. Bilateral mammogra-
phy, bone scan, and abdominal ultrasonography were
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performed annually. Radiation dermatitis and radiation
pneumonitis were evaluated by use of the Radiation
Therapy Oncology Group (RTOG)-acute radiation mor-
bidity scale scoring criteria and the Radiation Therapy
Oncology Group/European Organization for Research and
Treatment of Cancer (RTOG/EORTC) late radiation mor-
bidity scoring scheme [18].

Statistical analysis

The survival time was calculated from the date of surgery.
Survival curves and actuarial rates of recurrence were
calculated using Kaplan-Meier method, and the signifi-
cance of prognostic factors was assessed by log rank test
[19]. Multivariate analysis was performed using stepwise
Cox proportional hazard regression models [20]. A
P < 0.05 between groups was considered significant. Stat
View (version 5.0) software was used for all statistical
analysis.

Results

Median follow-up period was 60 months. Of 327 patients,
14 patients died; 9 died of breast cancer and 5 died of other
causes. Recurrence was observed in 15 patients. Of these
patients, 14 developed distant metastases (bone, brain,
lung, liver). Local recurrence in the ipsilateral breast
was observed in one patient only, who was salvaged
by mastectomy. Metachronous contralateral breast cancer
occurred in four patients (one patient also had distant
metastases).

Figure 1 shows overall survival (OS), cause-specific
survival (CSS), relapse-free survival (RFS), and the local
control (LC). Actuarial 5-year OS, CSS, RFES and LC were
96.0, 97.5, 95.3 and 99.7%, respectively. Figure 2 shows
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Fig. 1 Survival graphs showing overall survival, cause-specific
survival, relapse-free survival, and local control (n = 327)
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Fig. 2 Cause-specific survival of 327 patients at each pStage. The patients were divided by stage, as follows: stage 0, 29 patients; stage I, 164

patients; stage IIA, 107 patients; and stage IIB, 27 patients

5-year CSS for each stage. Actuarial 5-year CSS for each
stage were: stage 0, 100%; stage I, 97.7%; stage IIA,
96.7%; and stage 1IB, 96.3%.

Table 2 summarizes the relationship between RFS and
other variables. Univariate analysis indicated that hormone
therapy (P = 0.0009; HR 4.75; CI 1.72-13.10) was a sig-
nificant prognostic factor for RFS. Multivariate analysis,
using stepwise selection, similarly showed that hormone
therapy (P = 0.0027; HR 4.71; CI 1.71-13.01) was a sig-
nificant prognostic factor for RES in this study.

Radiotherapy-induced dermatitis was observed for 268
patients (251 patients with grade 1, 17 with grade 2). Most
patients did not need treatment for their dermatitis, but
some were given appropriate drugs (e.g., an ointment or a
steroid-containing cream). Two to six months after the
completion of radiotherapy, 16 patients developed radia-
tion pneumonitis (11 patients with grade 1, five with grade
2). No patients had radiation pneumonitis of grade 3 or
higher. In addition, two patients were diagnosed with
bronchiolitis obliterans organizing pneumonia (BOOP).
They received treatment with prednisolone and the symp-
toms improved. Concerning late toxicity, we observed no
patients with grade 2 or higher toxicity.

Discussion

Hypofractionated radiotherapy to the whole breast after BCS
is an alternative to radiotherapy with conventional frac-
tionation. In Japan, however, there are no studies that report
the long-term outcome of hypofractionated radiotherapy,
and in fact, it is still less common. We previously reported
preliminary results of the hypofractionated regimen [21]. At
a median follow-up of 26 months, we obtained good results
for OS, CSS, DFS, and LC. The objective of this study was to
update our previous findings, after long-term observation.
Our current study shows acceptable results (with regard
to OS, CSS, RFS, and LC); in Table 3 these are compared
with those from other studies that used a hypofractionated
or conventional regimen [14, 17, 22, 23]. The high LC is
particularly notable. We believe there are two main reasons
for this. First, all patients in this study received either Bp or
Bq. Veronesi et al. [4, 24] reported that annual local
recurrence was low for patients treated with Bq + radio-
therapy (RT) whereas it was significantly higher for
patients treated with Tm + RT. Another reason may be the
definitions of “margin-free.” In Japan, the definition of
“stump-positive” is that cancer cells remain within 5 mm
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Table 2 Characteristics of 327 breast cancer patients listed by the number of patients at risk, number of relapses, relapse-free survival, log rank
test, Cox-regression, and specific hazard risk (HR)

Factor No. of No. of Relapse-free P-value HR (CI 95%)" P value HR (CI 95%)'"
patients relapses survival (log rank) (Cox-regression)
(5 years) (%)
Age
<50 115 2 98.3 0.28 (0.06-1.24) 0.28 (0.06-1.25)
>50 212 13 93.7 0.07 1.0 (reference) 0.09 1.0 (reference)
Bp or Bq 29 1 96.6 0.68 (0.08-5.67)
+SNB 117 6 94.6 1.0 (reference)
+Ax 181 8 95.5 0.92 0.85 (0.30-2.48)
Chemotherapy
Yes 109 7 93.5 1.0 (reference)
No 218 8 96.2 0.26 0.56 (0.21-1.57)
Hormone therapy
Yes 261 7 97.3 1.0 (reference) 1.0 (reference)
No 66 8 87.4 0.0009 4.75 (1.72-13.10) 0.0027 4.71 (1.71-13.01)
PN stage
0 261 11 95.7 0.69 (0.22-2.17)
1 66 4 93.8 0.52 1.0 (reference)
Margins
Positive 66 5 92.3 1.0 (reference)
Negative 261 10 96.0 0.18 0.49 (0.17-1.43)
ER and/or PgR*
Positive 253 11 95.5 1.0 (reference)
Negative 38 4 89.5 0.09 2.59 (0.83-8.14)
HER2*
Positive 30 3 90.0 1.0 (reference)
Negative 252 11 95.5 0.17 0.42 (0.11-1.51)

For other abbreviations, see Table 1

* Some data are missing
1 Univariate analysis

11 Multivariate analysis using Cox proportional hazard regression

Table 3 Comparison of our data with published data

Ref. Patients Operation type RT dose/fraction Overall survival Local recurrence
Lyon [22] 1,024 Bp 50 Gy/25 fr 99% (4 years) 4.5% (4 years)
50 Gy/25 fr + boost 99% (4 years) 3.5% (4 years)
EORTC [23] 5,318 Tm 50 Gy/25 fr 87% (5 years) 7.3% (5 years)
50 Gy/25 fr + boost 91% (5 years) 4.3% (5 years)
OCOG trial [14] 622 Tm 42.56 Gy/16 fr 97.2% (5 years DFS) 3.4% (5 years)
START B trial [17] 1,110 BCS or Bt 40 Gy/15 fr = boost 92% (5 years) 2.2% (5 years)
Our data 327 Bp or Bq 42.56 Gy/16 fr & boost 96.0% (5 years) 0.3% (S years)

Bt mastectomy; fr fraction; for other abbreviations, see Table 1

of the surgical margin; this is a more rigid criterion than
that widely used in other countries. In our study, 66
patients had positive stumps and received additional boost
irradiation. Several studies report that additional boost
irradiation of the tumor bed after BCS reduced local
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recurrence irrespective of the stump status [4, 5, 7, 22, 23].
Therefore, the fact that many patients in our series received
additional boost irradiation based on the rigid criterion may
have resulted in good LC. Furthermore, our boosted dose
of 13.3 Gy/5 fx seems relatively high, although the
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appropriate dose of boost irradiation has not been estab-
lished. These factors may be responsible for low local
recurrence.

Radiation dermatitis and pneumonitis after breast-con-
serving therapy in our institution has been surveyed pre-
viously. Yoden et al. [25] reported the incidence of this
toxicity for patients treated with conventional regimen and
Fujii et al. [21] reported it for patients treated with hypo-
fractionated regimen. They reported similar results, and the
results from this study are compatible with these two
reports. Irradiation of the breast using a hypofractionated
schedule may cause more severe skin telangiectasia,
fibrosis, or indurations, which worsens the final cosmetic
outcome. Two randomized trials proved, by long-term
observation, there was no difference in cosmetic outcomes
between conventional and hypofractionated regimens [14,
15, 17]; our study also obtained satisfactory results for late
toxicity. The follow-up period of this study may not be
long enough to clarify late toxicity, because it is known
that occurrence and grade of late toxicity increase in pro-
portion to the time from completion of radiotherapy.
Longer follow up is needed.

The purpose of this study was to prove the efficacy and
safety of hypofractionated radiotherapy after BCS in Jap-
anese women. In conclusion, we observed acceptable local
control and survival without severe late toxicity after
5 years in our retrospective study. Although cosmetic
outcomes must be clarified with longer follow up, we
believe that this hypofractionated regimen can be used as
practical clinical treatment. We believe that widespread of
hypofractionated radiotherapy after BCS will help to
reduce financial and temporal burdens on patients, and also
help to accommodate the exponentially increasing number
of cancer patients needing radiotherapy.

Conflict of interest None.
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Erlotinib alone or with bevacizumab as first-line therapy in
patients with advanced non-squamous non-small-cell lung
cancer harbouring EGFR mutations (J025567): an open-label,
randomised, multicentre, phase 2 study

Takashi Seto, Terufumi Kato, Makoto Nishio, Koichi Goto, Shinji Atagi, Yukio Hosomi, Noboru Yamamoto, Toyoaki Hida, Makoto Maemendo,
Kazuhiko Nakagawa, Seisuke Nagase, Isamu Okamoto, Takeharu Yamanaka, Kosei Tajima, Ryosuke Harada, Masahiro Fukuoka, Nobuyuki Yamamoto

Summary

Background With use of EGFR tyrosine-kinase inhibitor monotherapy for patients with activating EGFR mutation-
positive non-small-cell lung cancer (NSCLC), median progression-free survival has been extended to about 12 months.
Nevertheless, new strategies are needed to further extend progression-free survival and overall survival with acceptable
toxicity and tolerability for this population. We aimed to compare the efficacy and safety of the combination of
etlotinib and bevacizumab compared with erlotinib alone in patients with non-squamous NSCLC with activating
EGFR mutation-positive disease.

Methods In this open-label, randomised, multicentre, phase 2 study, patients from 30 centres across Japan with stage
IIIB/IV or recurrent non-squamous NSCLC with activating EGFR mutations, Eastern Cooperative Oncology Group
performance status 0 or 1, and no previous chemotherapy for advanced disease received erlotinib 150 mg/day plus
bevacizumab 15 mg/kg every 3 weeks or erlotinib 150 mg/day monotherapy as a first-line therapy until disease
progression or unacceptable toxicity. The primary endpoint was progression-free survival, as determined by an
independent review committee. Randomisation was done with a dynamic allocation method, and the analysis used a
modified intention-to-treat approach, including all patients who received at least one dose of study treatment and had
tumour assessment at least once after randomisation. This study is registered with the Japan Pharmaceutical
Information Center, number JapicCTI-111390.

Findings Between Feb 21, 2011, and March 5, 2012, 154 patients were enrolled. 77 were randomly assigned to receive
erlotinib and bevacizumab and 77 to erlotinib alone, of whom 75 patients in the erlotinib plus bevacizumab group
and 77 in the erlotinib alone group were included in the efficacy analyses. Median progression-free survival was
16-0 months (95% CI 13-9-18-1) with erlotinib plus bevacizumab and 9-7 months (5-7-11-1) with erlotinib alone
(hazard ratio 0-54, 95% CI 0-36-0-79; log-rank test p=0-0015). The most common grade 3 or worse adverse events
were rash (19 [25%)] patients in the erlotinib plus bevacizumab group vs 15 [19%] patients in the erlotinib alone group),
hypertension (45 [60%)] vs eight [10%]), and proteinuria (six [8%] vs none). Serious adverse events occurred at a similar
frequency in both groups (18 [24%] patients in the erlotinib plus bevacizumab group and 19 [25%] patients in the
erlotinib alone group).

Interpretation Erlotinib plus bevacizumab combination could be a new first-line regimen in EGFR mutation-positive
NSCLC. Further investigation of the regimen is warranted.

Funding Chugai Pharmaceutical Co Ltd.

Introduction

Lung cancer is a leading cause of death worldwide; it is the
primary cause of cancer deaths in men and the secondary
cause in women.! Most patients with lung cancer have
non-small-cell lung cancer (NSCLC) and a clinically
significant proportion of patients have activating mutations
of EGFR? In this subgroup of patients, EGFR tyrosine-
kinase inhibitors have consistently led to better outcomes
than has standard chemotherapy.** Erlotinib and gefitinib
have been shown to prolong progression-free survival
compared with chemotherapy in several phase 3 trials.”*
Unfortunately, most patients with NSCLC with activating
EGFR mutations who are given EGFR tyrosine-kinase
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inhibitors eventually develop resistance and relapse within
about 1 year of initiation of treatment’™™ To improve
outcomes, the foundation treatment of EGFR tyrosine-
kinase inhibitors should be built on through investigation
of biologically synergistic combinations.

The anti-angiogenic monoclonal antibody bevacizumab
targets the VEGF signalling pathway and has been shown
to provide additional efficacy when used in combination
with first-line platinum-based chemotherapy in several
trials in non-squamous NSCLC.”*™ The combination of
erlotinib and bevacizumab has the potential to prolong
progression-free survival in unselected populations of
patients with NSCLC.** In a subgroup analysis of EGFR
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mutation-positive participants in the phase 3 BeTa study
of second-line treatment of NSCLC (12 patients treated
with erlotinib and bevacizumab and 18 with erlotinib
alone), median progression-free survival with erlotinib
plus bevacizumab in patients with EGFR mutation-
positive disease was substantially higher than with
erlotinib alone (17-1 months vs 9-7 months).“” However,
this analysis was post-hoc and EGFR mutation status was
not a prespecified stratification factor in this trial. Because
of this limitation, we undertook this phase 2 trial to
examine the combination of erlotinib and bevacizumab
in patients with EGFR mutation-positive NSCLC.

Methods

Study design and patients

JO25567 was a randomised, open-label, multicentre,
phase 2 study in patients with stage IIIB/IV (according to
the 7th edition of the General Rule for Clinical and
Pathological Record of Lung Cancer®) or recurrent
NSCLC with activating EGFR mutations. Patients were
enrolled from 30 centres across Japan.

Eligible patients had histologically or cytologically
(excluding sputum cytology) confirmed stage IIIB/IV or
postoperative recurrent non-squamous NSCLC with
activating EGFR mutation (either exon 19 deletion or
Leu858Arg mutation). Tumour samples were screened
for EGFR mutation by PCR-based hypersensitive EGFR
mutation testing in local laboratories, according to
standard testing practices. Other criteria included age
20 years or older when giving informed consent; Eastern
Cooperative Oncology Group performance status 0 or 1;
adequate haematological, hepatic, and renal function;
and life expectancy 3 months or more at the time of
registration. No previous chemotherapy for advanced
disease was allowed, but postoperative adjuvant or
neoadjuvant therapy of 6 months or more previously was
allowed. Previous radiotherapy was also allowed, but only
for non-lung lesions. Patients had to have one or more
measurable lesion based on Response Evaluation Criteria
in Solid Tumors (RECIST 1.1).

Major exclusion criteria included confirmation of
Thr790Met mutation, presence of brain metastases,
history or presence of haemoptysis or bloody sputum,
any coagulation disorder, tumour invading or abutting
major blood vessels, coexistence or history of interstitial
lung disease, and previous receipt of EGFR inhibitors or
VEGF receptor inhibitors.

This study was done in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. The
study protocol was reviewed and approved by the
institutional review boards of the participating institutions
(appendix p 10), and written informed consent was
obtained from all patients.

Randomisation and masking

Patients were randomly assigned (1:1) to receive either
erlotinib plus bevacizumab or erlotinib alone with a
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dynamic allocation method. Central randomisation was
done by a clinical research organisation (EPS Corporation,
Tokyo, Japan). Patients were stratified according to sex
(men vs women), disease stage (stage 11IB vs stage IV vs
postoperative relapse), smoking history (never smokers
or former light smokers vs others), and type of FEGFR
mutation (exon 19 deletion vs Leu858Arg mutation). All
patients and investigators were unmasked to treatment
allocation.

Procedures

Patients assigned to the erlotinib plus bevacizumab group
received bevacizumab 15 mg/kg by intravenous infusion
on day 1 of a 21-day cycle and erlotinib orally once daily at
150 mg/day, starting from day 1 of cycle 1. Patients in the
erlotinib alone group received erlotinib orally once a day
at 150 mg/day. Patients remained on treatment until
disease progression or unacceptable toxicity. Changes to
dose of erlotinib or bevacizumab because of adverse
events were allowed, as per the protocol. The dose of
bevacizumab was not to be reduced except when dose
adjustment was needed because of change in bodyweight.
Dose reduction of erlotinib was allowed for up to two
doses (100 mg/day and 50 mg/day) in a stepwise decrease.
After two steps of dose reduction, erlotinib was
discontinued. Patients who required suspension of
erlotinib for more than 3 weeks consecutively, or of
bevacizumab for more than 6 weeks from the date of
previous administration, were discontinued from study
treatment. In the erlotinib plus bevacizumab group, if
either drug was discontinued, the other could be
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9 insufficient efficacy
4 other reasons

Figure 1: Trial profile
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