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Objective: Treatment outcomes after salvage re-irradiation in patients with recurrent head
and neck cancer vary widely due to heterogeneous patient characteristics, and it is difficult to
evaluate optimal re-irradiation schedules. This study aimed to validate a nomogram, originally
developed by Tanvetyanon et al., used to predict the survival probability of patients with
recurrent head and neck cancer after re-irradiation.

Methods: Twenty-eight patients with recurrent head and neck cancer who underwent
salvage re-irradiation between June 2007 and November 2011 were evaluated. The median
total dose used for initial radiotherapy was 60 Gy (range, 22—-72). Re-irradiation sites included
the nasopharynx or Rouviere’s node (n = 14), external ear (n = 4), neck lymph node (n= 3)
and other sites (n= 7). Overall survival after re-irradiation was calculated using the Kaplan—
Meier method, and the 2-year survival probability was estimated using Tanvetyanon’s nomo-
gram.

Results: Twenty-two patients were treated with stereotactic body radiotherapy using a
median total dose of 30 Gy (range, 15—40) in 1-7 fractions and six patients were treated with
conventional external beam radiotherapy using 45 Gy (range, 23.4—60) in 10—30 fractions.
The 2-year overall survival was 21.7% (95% confidence interval: 9.3—41.3), and the 2-year
survival probability was 16.8% (95% confidence interval: 9.9—-23.6). The 2-year overall sur-
vival in 20 patients with unfavorable prognosis (median 2-year survival probability, 5.5%) and
in 8 patients with favorable prognosis (median 2-year survival probability, 45%) were 11.0 and
45.7%, respectively (P = 0.05).

Conclusions: Our findings show that Tanvetyanon’s nomogram accurately estimates the
survival probability in patients with recurrent head and neck cancer after re-irradiation.

Key words: salvage re-irradiation — head and neck cancer — nomogram — stereotactic body
radiotherapy

INTRODUCTION

About 500 000 patients with head and neck cancer (HNC) are  chemotherapy, approximately half of the patients with HNC
diagnosed each year worldwide (1). Despite comprehensive  die due to locoregional failure, distant metastases and second

treatment strategies including surgery, radiotherapy and
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primary neoplasms (2). Recurrent HNC (tHNC) and second
primary neoplasms in the previously irradiated area represent
a clinical challenge, and are normally treated with salvage
surgical resection as this method offers the greatest probability
for long-term survival (3—4). However, the population of can-
didates for curative salvage surgery is relatively small, and
some patients require chemotherapy or re-irradiation in add-
ition to surgery. The survival time after salvage chemotherapy
has been estimated to be ~6 months (5). Re-irradiation using
a full dose is associated with severe toxicities including tissue
necrosis, bleeding and infection, and treatment-related deaths
due to carotid hemorrhage (6—8). Recent studies using inten-
sity modulated radiotherapy (IMRT), stereotactic body radio-
therapy (SBRT), twice-daily radiotherapy and concurrent
chemotherapy reported the feasibility and effectiveness of
re-irradiation in patients with tHNC (2,7,9). These studies
also reported locoregional control rates after re-irradiation
ranging from 19 to 64%, and median survival times (MST)
ranging from 8.5 to 28 months (1,8,10—12). Treatment out-
comes vary widely due to heterogeneous patient characteris-
tics and diverse treatment schedules. Moreover, an optimal
salvage re-irradiation schedule has not yet been established
(1,8). Optimal sub-classification according to a confidential
prognostic index is essential to rigorously compare treatment
outcomes. Tanvetyanon et al. (13) developed a nomogram to
predict 2-year survival probability in patients with tHNC after
salvage re-irradiation. The nomogram includes the following:
the presence of comorbidities, organ dysfunction, presence or
absence of isolated neck recurrence, tumor bulk and time
interval between the previous radiotherapy and start of
re-irradiation. The overall goal of the present study was to val-
idate this nomogram in patients with tHNC who were mainly
treated with SBRT.

PATIENTS AND METHODS

Twenty-eight consecutive patients with local rHNC who
underwent salvage re-irradiation between June 2007 and
November 2011 were evaluated. The male-to-female ratio
was 20:8, with a median age of 65 years (range, 43—90).
Patients were treated for nasopharyngeal cancer (n = §),
external ear cancer (n = 4), hypopharyngeal cancer (n = 3)
and other cancers (n = 13). Patient characteristics are shown
in Table 1. Initial radiotherapy included treatment with
definitive radiotherapy (n = 22), postoperative radiotherapy
(n =135) and salvage radiotherapy (rn = 1) for recurrent
disease after surgery. Twenty-three patients were treated
with conventional three-dimensional external beam radio-
therapy using Clinac iX or Trilogy (Varian Medical Systems,
Inc., Palo Alto, CA) with a photon energy of 4 or 6 MV.
Treatment plans included lateral opposed field, wedged pair
field or multiple-field techniques. The radiation field covered
the primary site, surrounding the lymph node area, and/or
the prophylactic regional lymph node area. The prescribed
dose was calculated at the center of the radiation field
or from the planning target volume (PTV). The median total

Table 1. Patient characteristics

Patient number Median Range

Age (years) 67
Gender
Male 20

Female 8

43-90

Performance status
0 20
L
2—-4

Initial diagnosis
Nasopharyngeal cancer
External ear cancer
Hypopharyngeal cancer
Tongue cancer
Paranasal cavity cancer
Others

Pathology

NN W A

Squamous cell carcinoma 24
Leiomyosarcoma 1

Neuroblastoma

—_

Round cell sarcoma

ot

Salivary duct carcinoma
Initial radiotherapy

Total dose (Gy) 60 22-72
Fraction size (Gy) 2 1.8-22
Site of re-irradiation

Nasopharynx or Rouviere’s node 14

External ear

Neck lymph node

Oropharynx

Paranasal cavity

Others

LN N W R

Maximum diameter of recurrent disease
1.0-6.0
2.5-10.0

Stereotactic radiotherapy (cm) 29
Conventional radiotherapy (cm) 38
Interval between initial treatment and salvage re-irradiation
1—6 (months) 10
Over 6 (months) 18
Re-irradiation
Stereotactic radiotherapy 22
Total dose (Gy) 30
Fraction size (Gy) 8

15—-40
5-23
Conventional radiotherapy 6

Total dose (Gy) 45 23.4-60

Fraction size (Gy) 2 1.8-3
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dose was 60 Gy (range, 48—72) in 24—36 fractions over a
5- to 7-week period. Five patients were treated with using
robotic image-guided radiotherapy (Cyberknife Robotic
Radiosurgery System; Accuracy, Inc., Sunnyvale, CA) with
a median total dose of 38 Gy (range, 22—39) in one to six
fractions over a 1- to 6-day period. The prescribed dose for
SBRT was defined as the dose covering at least 80% of the
PTV. Sixteen patients received systemic chemotherapy con-
currently or sequentially, which included platinum-based or
5-fluorouracil (5-FU) regimens (Table 2).

The median interval from initial radiotherapy to salvage
re-irradiation was 9 months (range, 3—40). Twenty-two
patients had comorbidities and nine had organ dysfunction
(e.g. tracheostomy and dysphagia) at the start of salvage
re-irradiation. The median maximum diameter of recurrent
disease was 3.4 cm (range, 1—10). Re-irradiation sites
included the nasopharynx or Rouviere’s node (n = 14),
external ear (n = 4), neck lymph node (n = 3) and other
sites (n = 7). Twenty-two patients were treated with SBRT
and six were treated with conventional external beam radio-
therapy. The median total dose administered during salvage
re-irradiation using SBRT was 30 Gy (range, 15—40) in one
to seven fractions over a 1- to 9-day period. The median
total dose of salvage re-irradiation using conventional exter-
nal beam radiotherapy was 45 Gy (range, 23.4—60) in 10—
30 fractions over a 2- to 6-week period. Both re-irradiation
techniques adopted narrow field margins without prophylac-
tic regional lymph node irradiation. Three patients who were
treated with conventional external beam radiotherapy
received chemotherapy (i.e. platinum-based or 5-FU regi-
mens) concurrently with radiotherapy.

The OS was calculated using the Kaplan—Meier method,
and the median 2-year survival probability was estimated
using the nomogram developed by Tanvetyanon et al. (13)
The OS was measured from the start of re-irradiation and
calculated using death due to any cause as an event. Tumor
responses were classified as complete response (CR), partial
response (PR), stable disease (SD) or progressive disease
(PD) according to the revised Response Evaluation Criteria
in Solid Tumors (revised RECIST guideline version 1.1)
(14). In-field recurrence was defined as an increase in the
tumor size or appearance of new lesions in the re-irradiation
area from diagnostic images, and out-field recurrence was
defined as an increase in the tumor size or appearance of
new lesions in the non-irradiated head and neck area. Distant
metastases were defined as the appearance of new lesions
beyond the head and neck area. Toxicity was assessed using
the Common Terminology Criteria Adverse Event (CTCAE
version 4.0). Statistical analyses were performed using JMP
version 5.1J (SAS Institute, Inc.).

RESULTS

The median follow-up time in the present study was 7.3
months (range, 1.7 —25.3). After re-irradiation, 5 patients

Jpn J Clin Oncol 2012 Page 3 of 7

Table 2. Patient characteristics in the favorable and unfavorable groups

Favorable group  Unfavorable group

Age (years) 59.0 (44-72) 69.5 (43-90)
Gender
Male 7 13
Female 1 7
Performance status
0 8 12
1 0 4
2-4 0 4
Pathology
Squamous cell carcinoma 8 16
Others 0 4
Initial radiotherapy
Total dose (Gy) 60 57
Fraction size (Gy) 2 2
Site of re-irradiation
Nasopharynx or Rouviere’s node 5 9
External ear 1 3
Neck lymph node 1 2
Oropharynx 1 1
Paranasal cavity 0 2
Others 0 3
Maximum diameter of recurrent disease
Stereotactic radiotherapy (cm) 1.6 3.6
Conventional radiotherapy (cm)  N/A 3.8
Interval between initial treatment and salvage re-irradiation
1—6 (months) 3 7
Over 6 (months) 8 10
Organ dysfunction
No 7 11
Yes 1 9
Re-irradiation
Stereotactic radiotherapy 8 14
Total dose (Gy) 26 30
Fraction size (Gy) 9.4 8
Conventional radiotherapy 0 6
Total dose (Gy) N/A 45
Fraction size (Gy) N/A 2

(18%) achieved CR, 8 (28%) achieved PR and 15 (54%)
showed SD or PD. In addition, two patients achieving PR
received salvage surgery and one patient achieving PR and
three showing SD received systemic chemotherapy (i.e.
Tegafur Gimeracil Oteracil Potassium, S-1). The other
patients were carefully monitored and received supportive
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Page 4 of 7 Re-irradiation for head and neck cancer

care. The median progression-free survival time after
re-irradiation was 5.5 months [95% confidential interval (CI),
3.3—7.2]. Among the patients with re-progressive disease
after re-irradiation, 15 (83%) developed in-field recurrence
with or without out-field recurrence and/or distant metastases,
two (11%) developed distant metastases alone and one (6%)
developed recurrence in the field margin. However, no
patients developed regional recurrence alone. The sites of
distant metastases included the lung and mediastinal lymph
nodes. Thirteen patients (46%) achieved a relative response
(RR), which included CR and PR, and had a median
maximum tumor diameter of 2.7 cm (range, 1.0—6.0). In
patients who did not achieve RR, the median maximum
tumor diameter was 3.7 cm (range, 1.5—10.0; P = 0.03).
MST after re-irradiation of patients who achieved RR was
13.3 months (95% CI, 6.0—N/A) and 7.3 months for those
who did not achieve RR (95% CI, 3.8—14.9; P = 0.03).

Univariate analyses revealed that MST and 2-year OS of
19 patients with small recurrent disease <4 cm were 13.0
months (95% CI, 6.0—N/A) and 26.6%, and those of 9 patients
with large recurrent disease 4 cm or larger were 7.3 months
(95% CI, 1.7-N/A) and not applicable, respectively (P =
0.39). MST and 2-year OS of 8 patients who developed
recurrence within 6 months from the initial treatment were 7.9
months (95% CI, 1.7-N/A) and 20.2%, and those of
18 patients who developed it beyond 6 months were 8.6
months (95% CI, 7.3—18.9) and not applicable, respectively
(P =0.62). MST and 2-year OS of 24 patients with good
performance status (PS = 0—1) were 13.3 months (95% CI,
7.3—N/A) and 24.9%, and those of 4 patients with poor PS
(PS = 2—4) were 3.9 months (95% CI, 1.7—N/A) and 0%,
respectively (P = 0.02).

The 2-year OS estimated using the Kaplan—Meier method
was 21.7% (95% CI, 9.3—41.3), and the MST was 8.6
months (95% CI, 6.0—14.9; Fig. 1). The median 2-year sur-
vival probability estimated by Tanvetyanon’s nomogram was
16.8% (95% CI, 9.9—23.6). The 2-year OS in 20 patients
with unfavorable prognosis whose 2-year survival probability
was <15% (median, 5.5; range, 1—11) and the 2-year OS in
eight patients with favorable prognosis whose 2-year survival
probability was >15% (median, 45; range, 15—55) was
11.0 and 45.7%, respectively (P = 0.05; Fig. 2).

Two patients (7.1%) developed adverse events (Grades
2—3), which included tumor bleeding (Grade 2) and oral
bleeding (Grade 3). In addition, three patients (10.7%) devel-
oped severe adverse events (Grade 5). All three patients
developed local progression after re-irradiation, with two of
them developing local infection and soft tissue necrosis in
the submandibular area and paranasal cavity. These two
patients died due to tumor progression and infection. The
third patient was initially treated with whole neck conven-
tional radiotherapy (60 Gy in 30 fractions) followed by adju-
vant chemotherapy, and also received salvage SBRT
(25.6 Gy in 5 fractions) to treat left-neck lymph node recur-
rence. Despite these treatments, the patient developed
in-field recurrence 6 months later, which was treated with

Overall survival (%)

Years

Figure 1. The overall survival curve (OS) of 28 patients with recurrent
head and neck cancer (rHNC) was estimated using the Kaplan—Meier
method. The white box shows the 2-year survival probability (16.8%) esti-
mated using Tanvetyanon’s nomogram. The vertical line indicates the 95%
confidence interval of the 2-year OS rate (95% CI, 9.9-23.6%). This figure
shows approximate values for the 2-year OS calculated by the Kaplan—
Meier method and the 2-year survival probability estimated by
Tanvetyanon’s nomogram.

100

Patients with favorable
prognosis (n=8)

50 i

RN ———.

= Patients with unfavorable

Overall survival (%6)

prognosis (1=20)
$

1 N

9% R

] g
L 2
Years
Figure 2. OS curves of patients with rHNC with favorable and unfavorable
prognoses. The 2-year OS in 20 patients with unfavorable prognosis whose
2-year survival probability was <15% and the 2-year OS in eight patients
with favorable prognosis whose 2-year survival probability was >15% were

11.0 and 45.7%, respectively (P = 0.05).

re-salvage SBRT (24 Gy in two fractions); however, recur-
rence was not controlled and the patient died eight months
later due to a carotid artery rupture. Four patients who devel-
oped severe adverse events (Grades 3 —5) were treated with
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re-irradiation using SBRT; however, there was no difference
between re-irradiation modalities (P = 0.25).

DISCUSSION

The American College of Radiology (ACR) Expert Panel
on Head and Neck Cancer reviewed relevant literature on
re-irradiation after definitive radiotherapy and evaluated its
appropriateness, including radiation technique, treatment
volume, doses and treatment schedule (3). The ACR Expert
Panel emphasized the importance of patient selection and
recommended careful evaluation and treatment by a compre-
hensive cancer team. Furthermore, they recommended con-
sidering re-irradiation with and without chemotherapy in
patients with favorable prognosis and with relatively long
estimated survival times. They also recommended perform-
ing a computed tomography (CT) scan of the chest and
positron emission tomography/CT to determine the presence
of metastatic disease, and evaluating patient conditions
such as comorbidities, performance status, speech and
swallowing function, and nutritional status. Moreover, a
multi-disciplinary cancer care team should decide on the ap-
propriate treatment strategy (e.g. salvage surgery, intensive
re-irradiation with or without chemotherapy, chemotherapy
alone and palliative care). The total absolute radiation dose
to critical organs such as the spinal cord, carotid artery and
optic pathways should be estimated using previous radiation
dosimetry and latest patient images (8). Another important
consideration is the interval between previous radiotherapy
and start of salvage re-irradiation. One study showed that a
longer interval was associated with a lower probability of
severe adverse events due to re-irradiation and lower occur-
rence rates of distant metastases (15). In Tanvetyanon’s
nomogram, the interval is an important component used to
estimate 2-year survival probabilities after re-irradiation (13).
Previously published clinical trials have used intervals
of >6 months to determine the eligibility for re-irradiation
(6,7). Hoebers et al. (15) reported that an interval of over 3
years was associated with a favorable OS. However, the ap-
propriate interval between previous radiotherapy and
re-irradiation remains unknown.

The Fox Chase Cancer Center conducted a phase I study
(FCCC 96-006) combining twice-daily radiotherapy (1.5 Gy
per fraction bid; 5 days every other week; four cycles) with
concurrent cisplatin and paclitaxel administration during
salvage therapy (16). The MST was 9.5 months, and the
1- and 2-year OS were 41 and 27%, respectively.
Hematologic toxicities were feasible, and grade 3 mucositis
occurred in only 6% of patients. Given these encouraging
results, the Radiation Therapy Oncology Group (RTOG) con-
ducted a phase II study (RTOG 9911) to evaluate the efficacy
. and toxicity of twice-daily radiotherapy (1.5 Gy per fraction
bid; 5 days every other week; four cycles) with concurrent cis-
platin and paclitaxel administration (6). One-hundred and five
patients were enrolled into the study, and 1- and 2-year OS

Jpn J Clin Oncol 2012 Page 5 of 7

were 50.2 and 25.9%, respectively. These findings suggest
that this strategy is a promising treatment option; however,
eight treatment-related deaths (8%), including acute neutro-
penic sepsis and late carotid hemorrhage, were noted. Spencer
et al. (17) conducted a phase I study on previously irradiated
patients with tHNC who received hydroxyurea and 5-FU in
combination with daily radiotherapy (2 Gy per fraction)
during a 2-week period followed by a 1-week break. These
patients then received hyperfractionated radiotherapy on
weeks 4 and 5 (total dose 50 Gy). The 1- and 2-year OS were
41 and 15%, respectively, and one patient died 3 weeks after
the study due to pneumonia. Furthermore, two patients
acquired soft tissue ulcers, and one developed trismus and a
non-healing clavicular fracture. Therefore, concurrent chemor-
adiotherapy using twice-daily regimens are not considered
ideal strategies for re-irradiation (18).

Hoebers et al. (15) evaluated 58 patients who had received
re-irradiation at a median cumulative dose of 119 Gy (range,
76 —140) with or without chemotherapy. The group reported
a 2-year OS of 42%, and that higher re-irradiation doses and
concurrent chemoradiation were associated with severe
adverse events. They also reported that re-irradiation
alone (compared with concurrent chemo-re-irradiation), a
longer interval between initial radiotherapy and salvage
re-irradiation, and a lower cumulative radiation dose were
associated with better local control rates. Lee et al. (4)
reported a study of 105 patients with tHNC who received
re-irradiation with or without chemotherapy. The multivari-
ate analyses revealed that non-nasopharynx and non-IMRT
were associated with an increased risk of locoregional
failure. Administration of chemotherapy could not be used to
predict improved locoregional control rates and OS. The role
of concurrent or sequential chemotherapy remains uncertain
for re-irradiation in patients with tHNC. In the present study,
83% of patients with progressive disease after re-irradiation
developed in-field recurrence with or without distant metas-
tases. Lee et al. (4) reported the occurrence of locoregional
failure with or without distant metastases in 65% of patients
who developed progressive disease after re-irradiation. They
also emphasized that future efforts for maximizing tumor
control in a recurrent setting, including dose escalation with
IMRT and effective chemotherapy, were warranted. The
median re-irradiation dose of 45 Gy in our conventional
radiotherapy is low compared with previously published
doses. We could not use IMRT then for head and neck
cancers in our institute, and thus relatively low re-irradiation
doses were used to avoid the risk of high radiation exposure
of organs. As it is now possible to use IMRT, more aggres-
sive radiation therapy should be tried in the salvage setting.

Stereotactic radiotherapy, such as single fraction stereotac-
tic radiosurgery (SRS) and fractionated SBRT using concave
dose distributions, is useful since it protects critical organs
(e.g. carotid artery, spinal cord, brain stem and optic
pathway). The University of Pittsburgh conducted a phase I
dose-escalation study in patients with tHNC. The results
revealed that 44 Gy in five fractions over a 2-week period was
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well tolerated (2). Vargo et al. (1) reported a retrospective
study which included 34 patients with rtHNC who received
SBRT at a median dose of 40 Gy in five fractions (range, 30—
44) as a strategy for salvage therapy. The report showed that
local control was significantly improved for small tumors (i.e.
<25 cc), and that late grade 3 adverse events occurred only
in 6% of patients. Lee et al. (4) reported that IMRT was
better suited to predict locoregional tumor control. New tech-
nologies such as stereotactic radiotherapy (SRT), SBRT and
IMRT might be useful tools to increase the prescribed dose
without incrementing the exposure to critical organs. In our
study, 79% of patients received SRT/SBRT and the majority
developed minor recurrent disease. The most frequent recur-
rence after re-irradiation occurred within the re-irradiation
field. However, our findings did not highlight the superiority
of SRT/SBRT, and it did not clarify what the appropriate
modality and radiation schedule should be. Unger et al. (19)
reported a study on 65 patients who received a median initial
radiotherapy of 67 Gy and a median re-irradiation SBRT dose
of 30 Gy (range, 21—35) in two to five fractions. They
reported that the 2-year OS and locoregional control rates
were 41 and 30%, respectively. In addition, they showed by
multivariate analysis that a higher total dose, surgical resec-
tion and naopharynx site were significantly associated with an
improved locoregional control rate. Surgical resection and
non-squamous histology were also associated with an
improved OS (19). However, 11% of patients in that study
experienced severe toxicities due to re-irradiation. Lee et al.
(4) reported that a nasopharyngeal site and IMRT technique
were associated with a good locoregional progression-free sur-
vival (LRPFS) in patients with tHNC who received
re-irradiation. Finally, they concluded that achieving locore-
gional control was crucial to improve OS and that radiation
doses >50 Gy were associated with better LRPFS and OS.
The present study has a few limitations worth noting. First,
this study is a retrospective review of patients from a single
institution, and thus selection- and physician-based biases
may exist. In addition, it is important to note that the results
are based on a small number of patients who underwent
diverse radiotherapy schedules. Secondly, a minority of
patients received conventional external beam re-irradiation,
whereas no patients received IMRT. Finally, the median
follow-up time in the study was only 7.3 months (range,
1.7—25.3). Longer follow-up periods are needed to clarify the
long-term complications associated with re-irradiation.

CONCLUSION

Our results suggest that Tanvetyanon’s nomogram accurately
estimates survival probability after salvage re-irradiation in
patients with rHNC. This nomogram is a practical tool for
optimal sub-classification of patients with tHNC to evaluate
treatment outcomes. Future prospective studies using this
nomogram should be performed to establish the appropriate
re-irradiation schedule for these patients.
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Treatment Outcome of Elderly Patients With Glioblastoma
who Received Combination Therapy

Naoto Shikama, MD,* Shigeru Sasaki, MD, T Atsunori Shinoda, MD,1 and Keiichirou Koiwai MDT

Objectives: Large population-based registries in Western countries
show that the treatment strategy for glioblastoma multiforme (GBM) in
elderly patients is likely less intensive. The purpose of this study was to
clarify the treatment outcome of elderly patients with GBM and to
explore appropriate treatment strategies.

Methods: We analyzed records from 86 patients (median age, 59y;
range, 9 to 77 y) diagnosed and histologically confirmed to have GBM,
between January 1991 and June 2006 at our institutions; 14 elderly
patients (range, 71 to 77y) and 72 younger patients (range, 9 to 70y).
Fifty-two patients underwent total or subtotal resection and 34 patients
underwent partial resection or biopsy. The median radiation dose was
54 Gy and 79 patients (92%) received anticancer agents.

Results: Among the 51 patients in recursive partitioning analysis
(RPA) classes 5 and 6, the median survival time of the 12 elderly and
39 younger patients were 10.5 months [95% confidence interval, 5.8-
12.8] and 11.7 months (95% confidence interval, 9.3-13.0), respec-
tively (P =0.32). Multivariate analysis showed only RPA class as an
independent prognostic factor for overall survival rate (P=0.009),
whereas age (P =0.85), total radiation dose (£ =0.052), and treatment
with anticancer agents (P=10.32) were not.

Conclusions: After adjustment for RPA class, the treatment outcome
of patients aged >70 years was equal to that of younger patients.
Definitive treatment should not be withheld based on age alone.

Key Words: glioblastoma, prognostic factor, radiotherapy, elderly
patients

(Am J Clin Oncol 2012;35:486—489)

lioblastoma multiforme (GBM) is the most common

glioma, occurring more often in patients in their 60s and
70s.'2 GBM is a rapidly progressive brain tumor, and the
standard of care includes surgery, postoperative radiotherapy,
and systemic chemotherapy.!* In most clinical trials, the
optimal treatment has been offered to only a selected subgroup
of patients with GBM, such as those aged <70 years and with a
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good performance status (PS).%7 There is little information
to define the standard of care for elderly patients with
GBM.5%? Large population-based cancer registries in Western
countries show that the treatment strategy for GBM in pa-
tients aged >70 years is likely to be less intensive and more
palliative.’»'® Data from the United States National Cancer
Institute’s Surveillance, Epidemiology, and End Results pro-
gram showed that a total of 1412 patients with GBM (35%)
received neither radiation nor chemotherapy, and patients who
were elderly, unmarried, or had more comorbidities were less
likely to receive radiotherapy and chemotherapy.'®!! The
cancer registry in Switzerland showed that although 56% of
patients with GBM, aged 65 to 74 years, underwent surgery
followed by radiotherapy, radiotherapy alone, or surgery alone,
only 25% of the patients aged >75 years underwent surgery
and/or radiotherapy.!?

Some retrospective studies have shown that aggressive
treatment is associated with prolonged survival in elderly
patients with GBM. A study at the Memorial Sloan-Kettering
Cancer Center demonstrated that, similar to studies in younger
patients with GBM, age, PS, and extension of surgery were in-
dependent prognostic factors for treatment outcome of elderly
patients, and emphasized that age alone should not disqualify
patients from aggressive-combined treatment.'? Results from
the Cleveland Clinic showed that elderly patients aged >70
years with good PS, treated aggressively with maximal
resection and definitive radiotherapy survived longer than
those who received palliative radiotherapy and biopsy.® More
prospective and retrospective studies are needed to establish
the standard of care for elderly patients with GBM.

The purpose of this retrospective study was to clarify the
treatment outcome of patients with GBM aged >70 years who
received combination therapy, and to explore appropriate
treatment strategies for elderly patients.

MATERIALS AND METHODS

We analyzed records from 86 patients (median age, 59y;
range, 9 to 77y) who were diagnosed and histologically
confirmed to have GBM between January 1991 and June 2006 at
our institutions. Fourteen patients were aged >70 years (elderly
patients; range, 71 to 77y) and 72 patients were aged <70 years
(younger patients; range, 9 to 70y). Forty-six patients (53%)
had good PS scores (0 to 1), whereas 40 (47%) had poor PS
scores (2 to 4). The median preoperative tumor size was 4.5 cm
(range, 1.4 to 8 cm; Table 1). Fifty-two patients (60%) under-
went total or subtotal resection, and 34 (40%) underwent partial
resection or biopsy. There was no difference in extension
of surgery between elderly and younger patients (P=0.55).
Of-methylguanine-DNA methyltransferase (MGMT) promoter
methylation status was not assessed in all patients.

Radiotherapy started within 6 weeks postoperatively. As
a basic procedure, clinical target volume was based on
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TABLE 1. Patient Characteristics

Younger Patients (n=72)

Elderly Patients (n = 14)

No. Patients (%)

Median (range)

No. Patients (%) Median (range)

Age
Performance status
0-1 44 (61%)
2-4 28 (39%)
RPA
Class 3 14 (19%)
Class 4 19 (26%)
Class 5 25 (35%)
Class 6 14 (20%)
Tumor size
Surgery
Total or subtotal resection 44 (61%)
Partial resection or biopsy 28 (39%)
Systemic therapy
Chemotherapy 66 (92%)
Interferon-f3 62 (86%)

External radiotherapy
Fraction size
Total dose

57y (9-70)

45¢

2Gy (1.8-2)
54 Gy (42-66)

T4y (71-77)

2 (14%)
12 (86%)

0 (0%)
2 (14%)
6 (43%)
6 (43%)
m (1.4-8.0) 4.0cm (3.0-6.5)
8 (57%)
6 (43%)

9 (64%)
8 (57%)

2Gy (2-3)
60 Gy (30-70)

RPA indicates recursive partitioning analysis proposed by the Radiation Therapy Oncology Group.

preoperative computed tomography (CT) and magnetic resonance
imaging (MRI) studies, and included the enhanced tumor and
peritumoral edema with 1.5 to 2 cm margins. The planning target
volume (PTV) was based on clinical target volume with a 0.5 cm
margin. If the PTV included critical organs, such as the brainstem,
optic chiasm, optic nerve, or retina, PTV was reduced to a 1 to
1.5cm margin of the preoperative gross tumor volume after a
radiation dose of 50 Gy. A photon energy of 4MV, 6 MV, or
10 MV was used. Treatment plans included lateral-opposed fields,
wedged-pair fields, rotation techniques, or multiple-field techni-
ques. Computer-aided treatment planning was performed after the
late 1990s. The prescribed dose was calculated at the center of the
radiation field or that of the PTV. A 74-year-old man with poor
PS, who was grouped into class 6 by recursive partitioning
analysis (RPA), was treated with 30 Gy in a fraction size of 3 Gy
over 2 weeks. The remaining 85 patients were treated with 42 to
70Gy in a fraction size of 1.8 to 2Gy over 4 to 7 weeks. The
median and mean radiation doses were 60 and 55 Gy (range, 30 to
70 Gy) in elderly patients, and 54 and 54 Gy (range: 42 to 66 Gy)
in younger patients. There was no difference between the total
radiation dose in elderly and younger patients (P=0.22).
Seventy-nine patients (92%) received anticancer agents,
including cytotoxic agents and/or interferon-f, during or after
radiotherapy. Sixty-nine younger patients (96%) and 10 elderly
patients (71%; P=0.008) received anticancer agents. Nitro-
sourea alone or nitrosourea-containing combination chemo-
therapy was administered to 75 patients, usually concomitant
with radiotherapy and/or in a postradiotherapy adjuvant sett-
ing. Seventy patients received intravenous interferon-f§ at a
dose of 3,000,000 IU daily during radiotherapy and weekly in a
postradiotherapy adjuvant setting. As a basic procedure, pa-
tients received these anticancer agents until disease progres-
sion or development of severe adverse events. Temozolomide,
_an oral alkylating agent, was not used in the initial treatment
of all patients. Temozolomide was approved for clinical use
by the Ministry of Health, Labor, and Welfare of Japan in
July 2006. Only a 59-year-old man, who was grouped into
RPA class 4, was treated with temozolomide after local
progression.

© 2011 Lippincott Williams & Wilkins

174

Overall survival time and progression-free survival (PFS)
was measured from the date of treatment initiation. PFS was
calculated using disease progression and death due to any
cause such as events, and overall survival was calculated using
death due to any cause such as an event. Disease progression
was defined as an increase in tumor size compared with the
initial tumor volume visualized on CT/MR images or the
appearance of a new lesion separate from the initial tumor
volume. Local progression was defined as a tumor size
increase or new lesion in the surgical cavity seen on CT/MR
images, and distant progression was defined as the appearance
of new lesions separated from the initial tumors by at least
2 c¢cm on CT/MR images. We used the Kaplan-Meier method to
estimate survival distributions for each group and the log-rank
test to compare survival distributions using a significance level
of <0.05. The Mantel-Haenszel %2 test was used to compare
patients and tumor characteristics at baseline. We carried out a
multivariate analysis of prognostic factors using the Cox
proportional hazards model. Statistical analysis was carried out
using JMP version 5.1J (SAS Institute Inc.).

RESULTS

The median follow-up for all patients was 11.6 months
(range, 1.4 to 105.8 mo). The median PFS and median survival
time (MST) of all 86 patients were 5.8 months [95%
confidence interval (CI), 4.7-7.4] and 12.8 months (95% CI,
10.8-14.9), respectively. One-year and 2-year overall survival
rates of all patients were 53% and 16%, respectively. Thirteen
patients (15%) showed disease progression at the end of
radiotherapy. Twelve younger patients (17%) and 1 elderly
patient (7%) showed local progression at the end of radio-
therapy (P=0.36). The MST of the 35 patients in classes 3 and
4 was 16.9 months (95% CI, 14.2-22.7), and that of the 51
patients in classes 5 and 6 was 11.0 months (95% CI, 9.3-12.6;
P <0.001; Fig. 1).

Among the patients in classes 3 and 4, the MST of 2
elderly patients was 14.8 months (95% CI, 10.5-N/A), and that
of 33 younger patients was 18.1 months (95% CI, 14.2-24.4;
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FIGURE 1. Comparison of overall survival rates based on
recursive partitioning analysis (RPA) classes.

P=0.10). Twelve elderly patients (86%) and 39 younger
patients (54%) were grouped in RPA classes 5 and 6 (P=0.01).
Among these patients, the MST of the 12 elderly patients was
10.5 months (95% CI, 5.8-12.8), and that of 39 younger
patients was 11.7 months (95% CI, 9.3-13.0; P=0.32; Fig. 2).
The 2-year overall survival rates of elderly and younger
patients in classes 5 and 6 were 0% and 9%, respectively. The
MST of the 20 middle-aged patients (61 to 70y) in classes 5
and 6 was 8.8 months (95% CI, 6.7-12.0), and the 2-year
overall survival rate was 0%. There was no difference between
the MST of middle-aged patients and that of elderly patients
(>70y) (P=0.48). The median PFS of elderly patients in
classes 5 and 6 was 5.3 months (95% CI, 1.1-9.4), and that of
younger patients was 5.8 months (95% CI, 3.2-7.2; P=0.74).
The median PFS of middle-aged patients in classes 5 and 6 was
3.6 months (95% CI, 1.7-7.2), and there was no difference
between that of the middle-aged patients and that of elderly
patients (P=0.70). Among patients in classes 5 and 6, there
was no difference between the extension of surgery and total
radiation dose between elderly and younger patients (P =0.36
and 0.69). However, younger patients received anticancer
agents more frequently than elderly patients (P =0.03).

We carried out a multivariate analysis including RPA
class (3 to 4 vs. 5 to 6), age (60 to 70y vs. >70y), total radia-
tion dose, and treatment with anticancer agents (yes vs. no).
Only RPA class was an independent prognostic factor for

P=0.32

Overall survival

Younger (n=39)

I I | I
1

Years

FIGURE 2. Overall survival rates of the 12 elderly patients and 39
younger patients in recursive partitioning analysis classes 5 and 6.
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overall survival rate (P =0.009), whereas age (P =0.85), total
radiation dose (P=0.052), and treatment with anticancer agents
(P =0.32) were not. We also carried out a multivariate analysis
including these prognostic factors for PFS, but found no
independent prognostic factors (RPA classes, P=0.67; age,
P=0.25; total radiation dose, P=0.11; anticancer agents,
P=0.13).

Sixty-five patients (75%) showed disease progression
during the follow-up period: 54 patients (83%) had local
progression, 8 (12%) had both local and distant progression,
and 3 (5%) had only distant progression. Salvage therapies,
including chemotherapy or best supportive care (BSC), were
performed according to each physician’s policy.

DISCUSSION

Data from the cancer registry in Switzerland demon-
strated that 27% of patients with GBM aged 55 to 64 years,
44% of the patients aged 65 to 74 years, 75% of the patients
aged >75 years received BSC alone without effective
treatment.'? The Surveillance, Epidemiology, and End Results-
Medicare linked data demonstrated that increased age was
associated with noneffective treatment and hence, worse
prognosis.!> Although these large population-based cancer
registries demonstrate that an increase in age is associated with
less intensive treatment, there is little information to define the
standard of care for elderly patients with GBM.® In particular,
there are no prospective randomized studies that evaluate the
effectiveness and safety of combination therapy, including
postoperative radiotherapy and chemotherapy, for patients
aged >70 years.

Adjuvant systemic chemotherapy after surgery prolongs
survival in patients with GBM.%!4 A meta-analysis of 12
randomized controlled trials, including more than 3000 pa-
tients, compared postoperative radiotherapy alone with post-
operative radiotherapy and chemotherapy, and demonstrated
that the addition of chemotherapy decreased the risk of death
by 15% (hazard ratio, 0.85; 95% CI, 0.78-0.91).> The European
Organisation for Research and Treatment of Cancer/the
National Cancer Institute of Canada Intergroup conducted a
randomized clinical trial for patients aged 18 to 70 years with
newly diagnosed GBM, and reported that the 2-year survival
rate was 26% for the temozolomide and radiotherapy group
compared with only 10% for the radiation only group.* This
trial demonstrated the clinical benefit of temozolomide in
patients with GBM, but subset analysis showed that the benefit
was not statistically significant in patients undergoing
diagnostic biopsy only or those with poor PS.#!> The 5-year
analysis of this trial demonstrated that patients aged 60 to 70
years benefited from combined therapy (hazard ratio for
overall survival, 0.7; range, 0.5 to 0.97).!% Grant et al'7 retro-
spectively analyzed 148 patients with malignant gliomas or
recurrent astrocytomas who received nitrosourea-based che-
motherapy, and reported that age was strongly predictive of the
likelihood of responding to chemotherapy, time to progression,
and survival, and patients aged > 60 years had a lower chance
of benefiting from chemotherapy. On the other hand, Combs
et al'® conducted a retrospective study including 43 patients
aged > 65 years (range, 65 to 76 y) who received postoperative
radiotherapy and chemotherapy, and reported that radiochemo-
therapy was safe and effective in this population. Prospective
studies are required to clarify the benefit of chemotherapy for
elderly patients with GBM.

The Medical Research Council conducted a randomized
trial comparing 45 Gy in 20 fractions over 4 weeks with 60 Gy
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in 30 fractions over 6 weeks for patients aged 18 to 70 years
with grade 3 or 4 malignant glioma, and reported that the
60 Gy course produced a modest lengthening of PFS and
overall survival.!® Keime-Guibert et al® conducted a random-
ized trial that compared BSC only with radiotherapy (50 Gy in
daily fractions of 1.8 Gy over 5 wk) in patients with GBM aged
> 70 years. Radiotherapy improved MST from 16.9 weeks to
29.1 weeks, and the hazard ratio for death in the radiotherapy
group was 0.47 (95% CI, 0.29-0.76; P=0.002). Roa et al*°
conducted a prospective randomized trial that compared
standard radiation therapy (60 Gy in 30 fractions over 6 wk)
and a short course of radiotherapy (40 Gy in 15 fractions over
3 wk) in patients aged > 60 years. There was no difference in
survival between the 2 groups, and short-course radiotherapy
led to a decrease in posttreatment corticosteroid dosage.
Although radiotherapy has been effective and safe in elderly
patients, it is unclear whether a total dose of 60 Gy represents
the standard dose for these patients.®'® A limitation of this
study is that the median radiation dose for younger patients
was <60 Gy. However, there was no statistical difference
between the radiation dose in elderly, middle-aged, and
younger patients and multivariate analysis showed that total
radiation dose was not associated with overall survival. This
study is also limited due to the lack of evaluation of MGMT
methylation status, quality of life, and long-term neurotoxicity.

Although age is an important factor for predicting
survival of patients with GBM, there is a room for discussion
as to whether less intensive therapy is suitable for the majority
of elderly patients.®® RPA proposed by the Radiation Therapy
Oncology Group has been a useful tool for predicting the
prognosis of patients with malignant glioma.2! RPA includes
age, histology, mental status, PS, and the extent of surgical
excision. The median survival time was 4.7 to 58.6 months for
the 12 subgroups resulting from this analysis. This study
showed that the MST of the 35 patients in classes 3 and 4 was
superior to that of 51 patients in classes 5 and 6 (P <0.001).
However, a limitation of the RPA classification is that it
requires the extent of surgical excision, which cannot be
assessed before treatment, and this prognostic system is not
used for the initial pretreatment decision-making process. The
Organisation for Research and Treatment of Cancer/the
National Cancer Institute of Canada Clinical Trials Group
developed nomograms for predicting survival in patients with
GBM. The nomograms include methylated MGMT promoter
status, age, PS, extension of surgical excision, and Mini-
Mental State Examination score.” Patients with GBM with a
methylated MGMT promoter benefit from temozolomide and
have a good prognosis.??> This additional molecular informa-
tion may be useful for estimating the treatment outcome of
patients with GBM, and other molecular characteristics and
predictive markers may facilitate individually tailored therapy.

In this study, the majority of elderly patients were
grouped in RPA classes 5 and 6. However, an analysis
adjusting for RPA classification showed that the treatment
outcome of patients aged >70 years in classes 5 and 6 and that
of younger patients in classes 5 and 6 was likely to be equal.
Treatment decision-making should be performed in the same
manner in elderly patients as for younger patients, and
definitive treatment should not be withheld based on age alone.
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Objective. A multicenter phase II trial was conducted to assess the efficacy and toxicity of concurrent
chemoradiotherapy (CCRT) with high-dose-rate intracavitary brachytherapy (HDR-ICBT) using a low cumu-
lative prescribed dose schedule in patients with locally advanced uterine cervical cancer.

Methods. The Japanese Gynecologic Oncology Group (JGOG) study JGOG1066 enrolled patients with FIGO
stages [[I-IVA uterine cervical cancer who had no para-aortic lymphadenopathy (>10 mm) assessed by CT.
Patients received definitive radiotherapy (RT) consisting of external beam whole pelvic RT and HDR-ICBT.
The cumulative linear quadratic equivalent dose (EQD2) was 62-65 Gy prescribed at point A. Cisplatin
40 mg/m? weekly was administered concurrently with RT for 5 courses.

Results. Of the 72 patients registered, 71 were eligible. With a median follow-up of 28 months, the 2-year
progression-free survival rate and pelvic disease progression-free rate were 66% (95% Cl, 54% to 76%) and 73%
(95% Cl, 61% to 82%), respectively. Progression-free survival decreased significantly with increased central
tumor size (P=0.036). The 2-year cumulative late complication rates were 24% for all grades, 9% for grade
1, 12% for grade 2, 3% for grade 3, and O for grades 4/5.

Conclusions. The JGOG1066 demonstrated that CCRT using HDR-ICBT with a low cumulative RT dose
schedule achieved comparable outcome as those achieved with global dose schedules (EQD2 =85 Gy)
with a lower incidence of late toxicity for locally advanced uterine cervical cancer in a Japanese population.

© 2012 Elsevier Inc. All rights reserved.
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Introduction

Concurrent chemoradiotherapy (CCRT) has been shown to be su-
perior to definitive radiotherapy (RT) alone in several randomized
controlled trials (RCTs), and is now the standard of care for loco-
regionally advanced uterine cervical cancer [1]. Standard definitive
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RT consists of whole pelvic external beam RT (EBRT) and either
high or low dose rate intracavitary brachytherapy (ICBT). The previ-
ously mentioned RCTs utilized only low dose-rate ICBT (LDR-ICBT)
[1]. High dose-rate ICBT (HDR-ICBT) has become widely used in
Japan [2], and many centers worldwide are also shifting to HDR-
ICBT [3].

Several RCTs have demonstrated clinical equivalence in terms of
both local control and toxicity between HDR-ICBT and LDR-ICBT in
the setting of definitive RT (without chemotherapy) [4]. In CCRT,
many investigators also reported favorable treatment results using
HDR-ICBT in single institutional retrospective series [5-13]. The Gy-
necologic Oncology Group (GOG) and the Radiation Therapy Oncology
Group (RTOG) now allow the use of HDR-ICBT as well as LDR-ICBT in
recent clinical trials of CCRT for cervical cancer [14-18]. In these



