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abstract

PURPOSE Proton beam therapy (PBT) has been a preferred modality in pediatric malignancies requiring ra-
diotherapy. We report our preliminary experience of treating consecutive patients younger than 25 years with
image-guided pencil beam scanning PBT from the first and only center on the Indian subcontinent.

METHODS Patients were selected for PBT on the basis of a multidisciplinary tumor board decision. Patient
demographic data, as well as tumor and treatment-related characteristics of the cohort, were captured. Patient
and treatment-related factors and their association with acute toxicities were analyzed using univariable and
multivariable analyses.

RESULTS Forty-seven patients (27 with CNS and 20 with non-CNS tumors) with a median age of 9 years (range,
2-25 years) were evaluated. Most common diagnoses were ependymoma, rhabdomyosarcoma, and glioma.
Seventy-seven percent of patients traveled more than 500 km, and 70% of them lived in metropolitan cities.
Forty-nine percent of patients had recurrent disease at presentation, and 15% had received a previous course of
radiation. The median dose delivered was 54.8 cobalt gray equivalents (range, 40.0-70.4 cobalt gray equiv-
alents) to a median clinical target volume of 175 mL (range, 18.7-3,083.0 mL), with 34% of patients requiring
concurrent chemotherapy (CCT). Acute grade 2 and grade 3 dermatitis, mucositis, and hematologic toxicity was
noted in 45% and 2%, 34% and 0%, and 38% and 30% of patients, respectively. Grade 2 fatigue was noted in
26% of patients. On multivariable analysis, for CNS tumors, both CCT and craniospinal irradiation were in-
dependently associated with ≥ 2 grade hematologic toxicity, whereas among non-CNS tumors, a clinical target
volume . 150 mL was associated with ≥ 2 grade fatigue, head and neck irradiation was associated with ≥ 2
grade mucositis, and CCT was associated with grade ≥ 2 hematologic toxicity.

CONCLUSION This study demonstrates safe implementation of a PBT program for children and young adults on
the Indian subcontinent. Image-guided pencil beam scanning PBT in judiciously selected patients is feasible
and can be delivered with acceptable acute toxicities.
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INTRODUCTION

De-intensification of cancer treatment in children and
young adults has gathered considerable momentum
as long-term childhood cancer survivors are at an
increased risk of serious health issues related to
treatment.1,2 Because radiation is one of the major
contributors to late effects in children (includ-
ing growth defects, neurocognitive defects, endo-
crinopathies, cardiovascular effects, lymphedema,
and secondarymalignant neoplasms),3 there has been
a widespread evaluation of radiation de-intensification
in the last two decades for several hematologic and
solid tumors.4-6 Radiation therapy, however, cannot be
completely avoided in many clinical protocols and
remains an integral component of management; the

best possible conformal techniques of radiation should
be used in such situations.7

Proton beam therapy (PBT), because of its superior
physical properties, results in significantly lower doses
of radiation to healthy normal structures. PBT thereby
has the potential to mitigate both acute and late
radiation-related effects. This is especially impactful in
children and young adults as the result of a much
larger tumor to body volume ratio (compared with
adults) and also because of a higher propensity to
develop permanent radiation sequelae. Multiple pro-
spective and retrospective studies have shown that
the dosimetric benefit achieved results in favorable
clinical outcomes.8-15 Despite the lack of randomized
controlled trials demonstrating superiority of PBT
over conformal photon-based techniques, most
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collaborative group trials conducted in North America
(Children’s Oncology Group) and Europe allow patients to
be treated with PBT.16,17 In fact, it is the treatment modality
preferred by a majority of the world’s leading pediatric
oncologists for most solid tumors requiring radiation
therapy.18 The concerns related to safety of the older-
generation passive scattering proton therapy, such as
neutron contamination and higher rates of treatment-
related necrosis, have been addressed sufficiently with
the advent of contemporary pencil beam scanning (PBS)
PBT with on-board volumetric imaging, modern planning
algorithms, and better understanding of biologic un-
certainties of PBT.

Our three-room PBT facility (Proteus Plus, with two fully
rotating gantries and one fixed beam [manufactured by Ion
Beam Applications, Louvain-La-Neuve, Belgium]), capable
of delivering contemporary image-guided PBS PBT, is the
first proton therapy center on the Indian subcontinent. The
proton facility is attached to a 150-bed comprehensive
cancer facility, which is funded by a private sector enter-
prise. The patient treatments began in January 201919,20

and, since then, our center has been the only referral center
for PBT in this region. The patients and physicians of this
region, which is home to nearly one-quarter of the world’s
population, have diverse socioeconomic, cultural, and
educational backgrounds. Little is known regarding their
preference and adoption of this relatively new and cost-
intensive technology. We hereby report our preliminary
experience with respect to the demographic profile and
acute toxicities in children and young adults with image-
guided PBS PBT.

METHODS

Patients were identified from a prospectively maintained
database at our center. The present work is a retrospective
audit of baseline characteristics, diagnosis, treatment de-
livery parameters, treatment-related acute toxicity, and

follow-up information of all children and young adults
(, 25 years of age) who were consecutively treated at our
center between January 2019 and March 2020. This study
was approved by the institutional ethics committee.

Initial Work-Up and Selection

The decision to offer PBT for each of the patients was made
after a thorough evaluation and discussion by the multi-
disciplinary tumor board. Patients were referred from all
over the country, as well as from adjoining regions. Our
criteria included patients eligible for only radical intent
treatment requiring relatively high doses of radiation or with
tumors located adjacent to radiosensitive structures
(making them prone to late radiation sequelae) or who had
required large field irradiation and were recommended for
PBT. Patients requiring whole organ irradiation were not
chosen for PBT except in those receiving craniospinal ir-
radiation (CSI). In certain cases, a dosimetric plan was
generated before a decision to treat with PBT was made.

A few days before the day of simulation, children (, 10
years of age) were encouraged to visit the treatment
facility to view treatments of other children to familiarize
themselves with the procedure and reduce anxiety. All
patients underwent a simulation procedure (with or without
sedation) consisting of immobilization and multimodality
imaging (computed tomography [CT] and magnetic reso-
nance imaging of the site to be treated) nearly 1 week
before the decided day of starting treatment.

PBT Planning

The planning process consisted of target identification,
organ at risk delineation, treatment prescription with re-
quired dose volume constraints, and treatment optimiza-
tion to achieve desired dose constraints. Suitable plans
were generated either with single-field or multifield opti-
mization techniques or a combination of both (referred to as
hybrid plans), which were robust to range and setup un-
certainties up to acceptable thresholds. A pretreatment

CONTEXT

Key Objective
Can proton beam therapy, which is emerging as a preferred radiotherapy modality, be safely implemented for pediatric

patients with cancer with acceptable acute toxicities on the Indian subcontinent?
Knowledge Generated
Image-guided pencil beam scanning proton beam therapy was found to be safe in a variety of pediatric intracranial and

extracranial malignancies in the Indian context.
Relevance
This study demonstrated that proton beam therapy was associated with acceptable acute toxicities in this cohort of carefully

selected patients treated with a multidisciplinary approach. Proton beam therapy seems to be a promising radiation therapy
modality for pediatric and young adult malignancies on the Indian subcontinent. We hope that this study will lead to
increased acceptability and encourage the public and the private health care sector to adopt advanced radiation therapy
technologies in this region, which is home to one-fifth of the world’s population.

Proton Beam Therapy for Children: Preliminary Indian Experience

Journal of Global Oncology 1737



patient-specific quality assurance was performed to verify
the approved plan before the treatment was implemented.
Each day, pretreatment imaging with kV x-rays and/or cone
beam CT (CBCT) was done to verify the patient position and
to ensure the precision of treatment on a daily basis. The
decision of imaging modality for verification and its fre-
quency was individualized on the basis of the patient, tumor
site, and treatment plan characteristics. Patients were
followed up with at least weekly to assess the treatment
toxicities (National Cancer Institute Common Toxicity Cri-
teria version 4.0). Repeat check scans (CT or magnetic
resonance imaging) were done periodically (once every 1 to
2 weeks, as decided by the treating team) or if required
during the treatment (on the basis of clinical or CBCT in-
formation). Patients received concurrent chemotherapy
(CCT) per the treatment plan. All patients underwent re-
sponse assessment imaging 4 to 12 weeks after treatment
and were followed up with regularly. Data were analyzed
using SPSS version 22. Relevant treatment and tumor-
related factors and their association with acute toxicities
were analyzed using the χ2 test andmultivariable analysis of
variance. When multiple clinical target volumes (CTV) were
irradiated to different doses, the CTV that was prescribed
a lower dose was considered for analysis.

RESULTS

Forty-seven patients with a median age of 9 years (range, 2-
25 years) were treated at our institution with image-guided
PBS PBT until the cutoff point. During this period, this
cohort constituted 28% of the total number of patients
treated with PBT at our center. Table 1 describes the
baseline characteristics of the patients. Twenty-seven pa-
tients were diagnosed with a CNS tumor and the rest with
a non-CNS tumor (Figs 1A and 1B). The most common
diagnosis was ependymoma, followed by rhabdomyosar-
coma (RMS) and glioma. Twenty-three patients had re-
current disease, of whom seven patients were presented for
reirradiation. Thirteen children (80% were children . 6
years of age and two children were between the ages of 6
and 8 years) required at least one procedure of sedation
during either simulation and/or treatment (Figs 2A and 2B).
Of these, only seven children required sedation during the
entire treatment (all of them were , 4 years, except one
autistic child who was 8 years old).

Treatment-related characteristics are listed in Table 2.
Among patients who received CSI, 10 patients were , 15
years and the remainder were . 15 years. Indications
for CSI were ependymoma ( for recurrent [n = 3] and
upfront [n = 1]), medulloblastoma (n = 4), germ cell tumors
(n = 2), pinealoblastoma (n = 2), and neuroblastoma (n=
1). A 15-year-old girl with an intracranial germinoma re-
ceived whole ventricular irradiation. On analysis of the
technique of PBT planning, multifield optimization was
used in 21 patients (of whom 17 had non-CNS tumors),
single-field optimization was used in 11 patients (all of
whom had CNS tumors), and hybrid plans were used in 15

patients (including all 13 patients who had CSI). The
median number of fractions received was 30 (range, 23-33
fractions) for patients with CNS tumors to a median dose of
54 cobalt gray equivalents (CGE; range, 40.0-55.8 Gy) and
32 fractions (range, 17-35 fractions) for patients with non-
CNS tumors to a median dose of 59.4 CGE (range, 30.6-
70.4 Gy). One patient with recurrent parameningeal RMS
received hyperfractionation with 52.8 CGE in 40 fractions
with a twice-daily fractionation.

The median number of CBCT scans per patient for CNS
tumors was 16 (range, 4-29 scans), whereas for patients
with non-CNS tumors it was 20 (range, 7-33 scans). Six
patients underwent an adaptive replanning based on the
check CT scans and/or CBCT imaging. Sixteen patients
(34%) also received CCT per the original treatment plan.

Tolerance and Acute Toxicity

Overall, weight loss was noted in 30 patients during the
treatment, with a median weight loss of 0.95 kg (range, 0.1-
10.5 kg, corresponding to 0.15%-10.9% of body weight).
Seventeen patients gained weight during the treatment,
with a median of 0.9 kg gained (range, 0.1-5.3 kg or 0.5%-
21.7% of body weight). Table 3 depicts acute toxicities
noted in CNS and non-CNS tumors. The most common
acute toxicity noted, irrespective of the site of irradiation,
was radiation dermatitis. Twenty-one patients (45%) had
grade 2 dermatitis, and only one patient (2%) had grade 3
dermatitis (a 13-year-old child with nasopharyngeal car-
cinoma who received 70 Gy to bilateral neck). Eighteen
patients (38%) had grade ≥ 2 and 14 patients (30%) had
grade ≥ 3 hematologic toxicities, of whom 12 patients
(26%) had grade ≥ 3 neutropenia. None of the patients
developed grade 3 mucositis or dysphagia that would have
mandated a need for a feeding tube during treatment. None
of the patients had treatment interruption beyond 2 con-
secutive days. Three patients (6%) had cumulative treat-
ment interruption for 4 days either because of toxicity or
logistics.

On univariable analysis (χ2 test) of patients with CNS tumors
showed that CCT (P = .009), CSI (P, .001), and volume of
CTV were associated with ≥ 2 grade hematologic toxicity
(Table 4). Onmultivariable analysis, both CCT (P = .03) and
CSI (P , .001) were independently associated with ≥ 2
grade hematologic toxicity.

Among non-CNS tumors, on univariable analysis, CTV
. 150 mL was significantly associated with ≥ 2 grade
fatigue (P = .017), head and neck irradiation (P = .01) was
associated with≥ 2 grademucositis, and CCT (P = .02) was
associated with grade ≥ 2 hematologic toxicity. The same
variables were found to be significant on multivariable
analysis. (P = .05, P = .03, and P = .01, respectively).

Follow-Up and Early Outcomes

With a median follow-up of 6 months (range, 2-14 months),
four patients had progressed (after a median time of
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3 months), of whom three patients (one each with pelvic
RMS, metastatic neuroblastoma, and recurrent ependy-
moma) progressed in the irradiated volume whereas one
child with refractory yolk sac tumor progressed with lung
metastases. Three of these patients are undergoing salvage
treatment, whereas one patient remains controlled after
salvage surgery and chemotherapy. All other patients
continue to be followed up and have no clinical or radiologic
signs of progression.

DISCUSSION

We have demonstrated that image-guided PBS PBT in our
setting was safely implemented. Treatments were delivered
with acceptable acute toxicities in patient cohorts that were
carefully selected based on a multidisciplinary tumor board
decision.

Challenges in implementing a PBT program in a country
such as India are multipronged. They include:

1. Technical challenges in safe implementation of PBT by
ensuring the availability of trained physicians, physicists,
therapists, nurses, support staff, administrative staff, and
engineers and by ensuring the availability of engineering
parts, adequate maintenance/upkeep of the machines,
and prompt redressal of technical issues.

2. Creating awareness about the optimal use, benefits, and
harms of a relatively new cost- and labor-intensive tech-
nology among the general public and physicians in the
region.

3. Financial challenges with respect to ensuring that most
of the deserving patients receive the optimal treatment.

To a large extent, we overcame some of these challenges to
safely implement a PBT program in the country. Because
PBT is most established in the pediatric population, it was
relatively easy to implement the program for this group of
patients, which constituted 28% of the total number of
patients treated so far. Most of the staff were recruited
several months to a few years before treatments began at
the center. This allowed for adequate training of the per-
sonnel in all aspects of PBT implementation at established
proton centers across the United States and Europe and by
means of frequent onsite training for the therapists by the
vendor. Continuous engagement with the machine vendor,
regulatory authorities, and local and central government

TABLE 1. Baseline Characteristics
Parameter CNS Non-CNS Total

Age, years

. 1-3 3 2 5

. 3-6 3 6 9

. 6-12 13 6 19

. 12-18 3 2 5

. 18-25 5 4 9

Sex

Male 22 12 34

Female 5 8 13

Origin

India 26 13 39

Middle East 0 5 5

South East Asian 1 1 2

Others 0 1 1

Distance from residence
to proton center, km

≤ 500 5 6 11

. 500 22 14 36

Area of residence

Metropolitan cities 14 19 33

Nonmetropolitan cities 13 1 14

Prearrival diagnosis

Present 26 20 46

Not present 1 0 1

Pretreatment surgical procedure

Radical excision with negative margins 9 2 11

Radical excision with positive margins 6 8 14

Partial excision 11 4 15

Biopsy only 1 6 7

Pretreatment chemotherapy

Yes 6 14 20

No 21 6 27

Concurrent chemotherapy

Yes 8 8 16

No 19 12 31

Presentation

Upfront 14 10 24

Recurrent/salvage 13 10 23

Sedation during treatment

For complete proton therapy 5 2 7

For simulation only 2 0 2

For simulation and initial fractions 2 2 4

No sedation 18 16 34

Reirradiation 4 3 7

(Continued in next column)

TABLE 1. Baseline Characteristics (Continued)
Parameter CNS Non-CNS Total

Fundinga

Private insurance 3 3 6

Partial institutional support 13 15 28

Crowdfunding (full/partial) 3 6 9

Self-paid (with or without support from
other sources)

22 15 37

aData presented may not add up to 100%.
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ensured the availability of machine-related equipment and
personnel to minimize machine downtime and maximize
patient safety. Extensive educational initiatives for the
general public and physicians were undertaken by the
clinical team much before the initiation of treatments to
ensure appropriate patient referral by means of dedicated
seminars and lecture series across the region. These ed-
ucational initiatives continue to date. Our center also
successfully underwent accreditation and certification for
quality and patient safety by the Joint Commission
International.

Because of the potential benefits of PBT in children, its use
in this patient population has increased significantly. In the
United States, there was nearly a 10-fold increase in the last
15 years.21 A study done on the basis of a US national
cancer database showed that patients treated with PBT are
more likely to be from higher socioeconomic strata, have
a residence located more than 200 miles from the treating
center, be younger than 10 years of age, and have a di-
agnosis of bone or soft-tissue sarcoma, ependymoma, or
medulloblastoma.21 Despite a wide variation in sociopolit-
ical and cultural backgrounds of patients and a significant
variation in knowledge and perception regarding PBT
among oncologists,22 the demographic profile of patients
treated at our center was comparable to other established
PBT centers and that of the Pediatric Proton Consortium
Registry.23 The common sites for use of PBT at our center
were CNS, head and neck, and skull base, as was noted in
the Pediatric Proton Consortium Registry. The most com-
mon histologies treated at our center were pediatric sar-
coma (including RMS, Ewing sarcoma, and non-RMS
sarcomas), ependymoma, glioma, and medulloblastoma.
Seventy-seven percent of our patients traveled . 500 km,
and 70% of them lived in metropolitan cities.

Our study demonstrated a low incidence of grade 3 acute
toxicities despite a median dose of 54 CGE for CNS tumors
and 59.4 CGE for non-CNS tumors. Twenty-eight percent of
our patients received CSI, and nearly 70% of patients had
non-CNS tumors that were in the head and neck region.
Acute toxicities noted in our study were comparable to
those in other reported studies.24-27 Our study showed that
overall, 62%, 26%, and 0% of patients had grade 1, grade

2, and grade 3 fatigue, respectively. Among patients with non-
CNS tumors, a CTV. 150 mL was associated with grade ≥ 2
fatigue. Treatment-related fatigue, which is multifactorial, has
been under-reported across several studies, especially in
children. In a study of 57 patients with RMS treated with PBT,
although grade 1 fatigue was not reported, 14% of children
had grade 2 fatigue,24 whereas in another study wherein 48
children were treated with PBT for CNS tumors, 77% of
children had grade 1 to 2 fatigue.25 Expectedly, our study also
showed that CSI and CCT were associated with grade ≥ 2
hematologic toxicity. Although PBT can potentially spare the
vertebral bone marrow, 77% of our patients who underwent
CSI were, 15 years and hence the entire vertebral body was
irradiated to the prescription dose to avoid spinal deformities.
Among the three adolescents who received CSI where major
portions of vertebral bodies were spared, two of them did not
have any significant hematologic toxicity.

Image guidance has been shown to improve outcomes for
several28 tumor sites and is practiced widely across all age
groups, including the pediatric population.29 Incorporation
of on-board CBCT imaging on PBT equipment has sig-
nificantly improved the treatment precision. Because PBS
is extremely depth-sensitive, small deformations of tissues
in the beam path could lead to significant dose pertur-
bations; therefore, frequent volumetric imaging is crucial.
At our center, the on-treatment imaging protocol included
one to two weekly check CT scans to quantify the dose
perturbations apart from the routine use of on-board CBCT.
In our study, six patients required adaptive replanning
during the treatment. Three patients had significant weight
loss leading to loss of tissue in the beam path. An increase
in postoperative collection, significant deformation of the
bowel as the result of gaseous distension, and frequent
setup errors because of nonreproducibility of spinal cur-
vature led to adaptive replanning in the others (one patient
each). All these deformations, which triggered a replan,
were detected during the on-board CBCT. Based on these
results, our on-treatment imaging protocol was amended
for most tumor sites to include check CT scans only if the
CBCT image showed significant deformations. A detailed
imaging audit of the first 150 patients will be published
elsewhere.
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FIG 1. Pie diagram of site-wise diagnosis. (A) CNS and (B) non-CNS. RMS, rhabdomyosarcoma.
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Despite the increased adoption of PBT in Europe and North
America, the cost and access to PBT are the biggest
hurdles to its widespread dissemination. In India, where up
to 4.4% of all cancers are seen in children younger than
15 years,30 there would be a significant demand for this

modality. Unfortunately, because approximately 70% of
health care is delivered by the private sector in India and
the penetration of health insurance is limited, most patients
must pay for health care services out of pocket. Only 13% of
children in this study had the treatment funded through

TABLE 2. Treatment Characteristics
Variable CNS Tumors Non-CNS Tumors All Patients

Site of treatment

CSI 12 1 13

Whole ventricular 1 0 1

Focal supratentorial 8 0 8

Focal infratentorial 6 0 6

Skull base 0 3 3

Cervical spine 0 1 1

Face and ipsilateral neck 0 2 2

Face and bilateral neck 0 3 3

Thorax 0 2 2

Abdomen 0 0 0

Pelvis 0 4 4

Median CTV, mL (range) 253.0 (18.7-3,083.0) 148.5 (30.0-2,155.0) 175.0 (18.7-3,083.0)

Median dose prescribed, CGE (range) 54.0 (40.0-55.8) 59.4 (30.6-70.4) 54.8 (40.0-70.4)

Median no. of fractions (range) 30 (23-33) 32 (17-35) 31 (17-35)

Proton technique

SFO 11 0 11

MFO 4 17 21

Hybrid 12 3 15

Median no. of fields (range) 3 (2-4) 3 (2-4) 3 (2-4)

Median no. of QA CT/MRI sessions per patient (range) 2 (1-4) 2 (1-5) 2 (1-5)

Median no. of CBCT sessions per patient (range) 16 (4-29) 20 (7-34) 19 (4-34)

Treatment with proton plus photon combination 8 1 9

Replanning (adaptive) 2 4 6

NOTE. Data presented as No. unless otherwise indicated.
Abbreviations: CBCT, cone beam computed tomography; CGE, cobalt gray equivalent; CSI, craniospinal irradiation; CT, computed

tomography; CTV, clinical target volume; MFO, multifield optimization; MRI, magnetic resonance imaging; QA, quality assurance; SFO, single-
field optimization.

A B

FIG 2. (A) Child being
treated under sedation
and (B) console with
image guidance picture.
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private insurance either paid by the families or employer.
Sixty percent received partial financial support from our
institution, and 20% received additional crowdfunding
support toward the treatment.

Although the upfront cost of PBT is higher, studies have
shown that it is more cost-effective than other conventional
radiation techniques for certain pediatric tumors.31-35 A
study evaluating the cost-effectiveness of PBT in medul-
loblastoma revealed a 52% reduction in risk of secondary
malignant neoplasms, 33% reduction in cardiovascular
and noncardiovascular mortality, 88% reduction in risk
of hearing loss, endocrinopathies, osteoporosis, and
intelligence quotient decline with a gain of 0.68 quality-
adjusted life-year per child.31 Most of these cost-
effectiveness studies were performed in North America
and Europe and hencemay not be relevant in the context of
low- and middle-income countries. There is a need to
generate relevant evidence based on local factors. Un-
fortunately, there are several challenges in evidence gen-
eration for PBT across the world. Active engagement by
professional organizations, innovative clinical trial designs,
and a collaborative approach between various stakeholders
have been proposed as possible solutions.36

Although data were collected in consecutive patients, there
were a few limitations to this study. The median follow-up
was only 6 months and hence we were only able to report
acute toxicities. We intend to report detailed dosimetric and
clinical outcomes of relatively homogenous groups of pa-
tients after a sufficiently long follow-up period. Also, so far,

TABLE 3. Acute Toxicities: CNS Versus Non-CNS
Toxicity CNS (%) Non-CNS (%)

Fatigue (grade)

0 1 5

1 18 11

2 8 4

Alopecia (grade)

0 0 10

1 0 6

2 27 4

Dermatitis (grade)

0 1 1

1 17 3

2 9 15

3 0 1

Nausea (grade)

0 6 6

1 16 9

2 5 5

Vomiting (grade)

0 8 8

1 9 8

2 10 4

3 0 0

Mucositis (grade)

0 20 7

1 2 1

2 5 11

3 0 0

Dysphagia (grade)

0 20 9

1 2 1

2 5 10

3 0 0

Bowel (grade)

0 26 18

1 1 1

2 0 1

Anemia (grade)

0 13 11

1 11 5

2 3 2

3 0 2

4 0 0

Leucopenia (grade)

(Continued in next column)

TABLE 3. Acute Toxicities: CNS Versus Non-CNS (Continued)
Toxicity CNS (%) Non-CNS (%)

0 14 7

1 3 2

2 2 5

3 7 3

4 1 3

Neutropenia (grade)

0 15 11

1 2 2

2 2 3

3 7 3

4 1 1

Thrombocytopenia (grade)

0 20 12

1 7 8

2 0 0

3 0 0

4 0 0
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we have been unable to collect quality of life data or perform
detailed neurocognitive assessments; however, we will be
doing so prospectively for the next cohort of patients.
In conclusion, this study demonstrated the safe imple-
mentation of PBT for children and young adults on the
Indian subcontinent. It also reported demographic features

of the consecutive 47 patients treated at a new PBT facility
and demonstrated that PBT leads to acceptable acute
toxicities in judiciously selected children and young adults
with CNS and non-CNS tumors. Longer follow-up is needed
to evaluate its efficacy with respect to disease outcomes
and late toxicities.
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TABLE 4. Univariable Analyses (χ2 test)

Variable
Hematologic

Toxicity < Grade 2
Hematologic

Toxicity ‡ Grade 2 P
Fatigue

< Grade 2
Fatigue
‡ Grade 2 P

Mucositisa

< Grade 2
Mucositisa

‡ Grade 2 P

Non-CNS tumors (n = 20)

CTV, mL

, 150 6 2 .264 8 0 .03 4 4 .456

. 150 6 6 6 6 4 8

Location

Head and neck 9 5 .55 10 4 .831 3 11 .01

Non-head and neck 3 3 4 2 5 1

PBT dose, CGE

, 59.4 3 5 .094 6 2 .69 3 5 .852

. 59.4 9 3 8 4 5 7

CCT

No 11 2 .02 9 4 .919 5 8 .848

Yes 1 6 5 2 3 4

CNS tumors (n = 27)

CCT

No 15 3 .009 13 5 .386

Yes 3 6 5 4

CSI

No 15 0 .001 11 4 .411

Yes 3 9 7 5

PBT dose, CGE

, 54 11 4 .21 11 4 .71

. 54 6 6 8 4

Volume of least risk CTV, mL

, 150 9 0 .05 6 3 .76

. 150 8 10 13 5

NOTE. Data presented as No. unless otherwise indicated.
Abbreviations: CCT, concurrent chemotherapy; CGE, cobalt gray equivalent; CSI, craniospinal irradiation; CTV, clinical target volume; PBT,

proton beam therapy.
aAny mucositis, bowel, or esophageal toxicity.
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