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Abstract

Background: We report demographic profile and our initial experience of treating children and young adults with image guided
pencil beam scanning proton beam therapy (PBS-PBT) at our centre. Material and methods: All patients younger than
25 years, consecutively treated with PBT based on a multi-disciplinary tumor board decision were analyzed. Patients were
treated under daily on-board kilovoltage x-ray and/or cone beam CT scan guidance. The demographic profile, treatment
characteristics and the acute toxicities were reported. Patient and treatment related factors and their association with acute
toxicities were analyzed using univariate and multivariate analysis. Results: Forty-seven patients {27 with central nervous
system(CNS) and 20 with non-CNS tumors} with a median age of 9 years were evaluated. Most common diagnoses were
ependymoma, rhabdomyosarcoma and glioma. Median dose delivered was 54.8CGE(40-70.4) to a median clinical target volume
of 175cc (18.7-3083cc) with 34% requiring concurrent chemotherapy(CCT). Acute grade-2 and 3 dermatitis, mucositis, and
hematological toxicity was noted in 45% and 2%; 34% and 0%; 38% and 30%; respectively. Grade-2 fatigue was noted in
26%. On univariate analysis, CCT(p=0.009) and cranio-spinal irradiation(p<0.001) were associated with grade-2 or more
hematological toxicity in patients with CNS tumors. Among non-CNS tumors, clinical target volume more than 150cc was
associated with grade-2 or more fatigue(p=0.017). Conclusions: The demographic pattern of patients treated with PBT at this
new and only centre in the region was similar to previously published literature. Image guided PBS-PBT resulted in acceptable

acute toxicities both among children with CNS and non-CNS tumors.
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Abstract
Background:

We report demographic profile and our initial experience of treating children and young adults with image
guided pencil beam scanning proton beam therapy (PBS-PBT) at our centre.

Material and methods:

Allpatientsyounger than 25years,consecutively treated with PBTbased on a multi-disciplinary tumor board
decision were analyzed. Patients were treated under daily on-board kilovoltage x-ray and/or cone beam
CT scan guidance. The demographic profile, treatment characteristics and the acute toxicities were re-
ported. Patient and treatment related factors and their association with acute toxicities were analyzed using
univariate and multivariate analysis.

Results:

Forty-seven patients {27 with central nervous system(CNS) and 20 with non-CNS tumors} with a median
age of 9years were evaluated. Most common diagnoses were ependymoma, rhabdomyosarcoma and glioma.
Median dose delivered was 54.8CGE(40-70.4) to a median clinical target volume of 175cc (18.7-3083cc) with
34% requiring concurrent chemotherapy(CCT). Acute grade-2 and 3 dermatitis, mucositis, and hematological
toxicity was noted in 45% and 2%; 34% and 0%; 38% and 30%; respectively. Grade-2 fatigue was noted in
26%. On univariate analysis, CCT(p=0.009) and cranio-spinal irradiation(p<0.001) were associated with
grade-2 or more hematological toxicityin patients with CNS tumors. Among non-CNS tumors, clinical target
volume more than 150cc was associated with grade-2 or more fatigue(p=0.017).

Conclusions:

The demographic pattern of patients treated with PBT at this new and only centre in the region was similar
to previously published literature. Image guided PBS-PBT resulted in acceptable acute toxicities both
among children with CNS and non-CNS tumors.

Demographic profile and early clinical experience of treating children and young adults with
image guided proton beam therapy inIndia

Introduction:

De-intensification of cancer treatment in children and young adults has gathered considerable momentumas
the long-term childhood cancer survivors are at an increased risk of serious health related issuesrelatedto
treatment[1,2]. Since radiation is one of the major contributors to the late effects in children including
growth defects, neuro-cognitive defects, endocrinopathies, cardiovascular effects, lymphedema and secondary
malignant neoplasms (SMN) [3], there has been a widespread evaluation of radiation de-intensification in
the last two decades for several haematological and solid tumors [4,5,6]. Radiation therapy however cannot
be completely avoided in many clinical protocols and remain an integral component of management and the
best possible conformal techniques of radiation should be employed in such situations.



Proton beam therapy (PBT) owing to its superior physical property results in significantly lower doses of
radiation to the healthy normal structures thereby has a potential tomitigate both acute and late radiation
related effects. This is especially impactful in children and young adults due to much larger tumor to body
volumes (compared to adults) and also due to higher propensity to develop permanent radiation sequelae.
Multiple prospective and retrospective studies have shown that the dosimetric benefit achieved results in
favourable clinical outcomes[7-11].Despite the lack of randomized controlled trials demonstrating superiority
of PBT over conformal photon-based techniques most collaborative group trials conducted in North America
(Children’s Oncology group) and Europe allow patients to be treated with PBT [12, 13]. In fact, it is the
preferred treatment modality for a majority of leading pediatric oncologists of the worldfor most solid tumors
requiring radiation therapy[14]. The concerns related to safety of the older generation passive scattering
proton therapy (PSPT) such as neutron contamination, 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 biological uncertainties of
PBT.

Our multi-room PBT facility with fully rotating gantries capable of delivering contemporary image guided
PBS PBT is the first proton therapy centre in the Indian subcontinent. The patient treatments began in Jan
2019 [15,16] and since then our centre has been the only referral centre 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
socio-economic, cultural and educational back grounds and very little is known regarding their preference
and adoption of this relatively new and cost-intensive technology. We hereby report the demographic profile
and our initial experience of treating children and young adults with image guided PBS PBT.

Materials and Method

For allpatients treated with PBTat our centre, the baseline characteristics, imaging features, pathology in-
cluding molecular information, multimodality treatment, proton therapy technique, plan parameters, quality
assurance metrics, set-up and delivery parameters, treatment response and their subsequent follow-up infor-
mation are being routinely captured in a prospectively maintained registry. The present work focusses on
reporting baseline characteristics, diagnosis, treatment delivery parameters, treatment related acute toxicity
and follow-up information of all children and young adults <25 years of age consecutively treatedpatients
treated at our centre.

Initial work-up and selection

Decision to offer PBTin each of the patients was taken after a thorough evaluation and discussion in the
multidisciplinary 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 treatmentrequiring relatively high doses
of radiation orwithtumors located adjacent toradiosensitive structures making them prone to late radiation
sequelae or had required magna-field irradiation were recommended PBT. Patients requiring whole organ
irradiation were not chosen for PBT except in patients receiving craniospinal irradiation (CSI). In certain
cases, a dosimetric plan was generated before a decision to treat with PBT was taken.

A few days prior to the day of simulation, younger children (<10 years old), were encouraged to visit the
treatment facility to view treatments of other children to familiarize the procedure and reduce anxiety.All
patients underwent a simulation procedure (with or without sedation) consisting of immobilization and
multimodality imaging (CT and MRI of the site to be treated) nearly a week before the decided day of
starting treatment.

PBT planning

Planning process consisted of target, organ at risk delineation, treatment prescription with required dose
volume constraints and treatment optimization to achieve desired dose constraints. Suitable plans were
generated either with single-field or multi-field optimization technique (SFO or MFO) or a combination
of both (referred to as Hybrid plans) which were robust to range and setup uncertainties up to acceptable



thresholds. A pre-treatment patient specific quality assurance (PSQA) was carried out to verify the approved
plan before the treatment was implemented. Each day pre-treatment imaging with KV-X rays and/or CBCT
was carried out to verify the patient position and to ensure the precision of treatment on a daily basis.
Patients were followed up atleast weekly to assess the treatment toxicities (NCI CTC version 4.0). Repeat
check scans(CT or MRI) weredone periodically (once in 1-2 weeks as decided by the treating team) orif
required during the treatment (on the basis of clinical or CBCT information). Patients received concurrent
chemotherapy as per the treatment plan. All patients underwent response assessment imaging 4-12 weeks
following treatment and were followed up regularly.Data was analysed using SPSS version 22. Relevant
treatment and tumor related factors and their association with acute toxicities wereanalysed using Chi-square
test and multivariate analysis of variance. When multiple clinical target volumes (CTV) were irradiated to
different doses, CTV that was prescribed a lower dose was considered for analysis.

Results

47 patients with a median age of 9 years (2-25 years)were treated at our institution with image guided
PBS PBT till the cut-off period. During this period this patient population constituted 28% of the total
patients treated with PBT at our centre. Table-1 describes the baseline characteristics of the patients. 27
patients were diagnosed with a CNS tumor, and the rest with a non-CNS tumor [Fig-1a and 1b].The most
common diagnosis was ependymoma followed by rhabdomyosarcoma (RMS) and glioma. 23 patients who
had recurrent disease were referred for PBT of which 7 patientswere for re-irradiation.13 children (80% of
children younger than 6 years and 2 children between 6-8 years) required atleast one procedure of sedation
during either simulation and/or treatment[Fig 2a and 2b]. Of these, only 7 required sedation during the
entire treatment (all of them were <4 years except one autistic child who was 8 years old).

Treatment related characteristics have been described in Table-2. Among patients who received CSI, 3
patients were younger than 6 years, 7 were between 7-15 years and 3 were >15 years. One 15-year-old girl
with an intracranial germinoma received whole ventricular irradiation (WVI).On analysis of the technique
of PBT planning, MFO was used in 21 patients (of which 17 were non-CNS tumors), SFO was used in
11 patients (all of them being CNS tumors) and hybrid planswere used in 15 patients (including all 13
patients of CSI). Median number of fractions received was 30 (23-33) for CNS patients to a median dose
of 54CGE(40-55.8Gy) and 32 (17-35) for non-CNS patients to a median dose of 59.4CGE (30.6-70.4). One
patient of recurrent para-meningeal RMS received hyperfractionation with 52.8CGE in 40 fractions with a
twice daily fractionation.

Median number of CBCT’s per patient for CNS tumors was 16 (4-29), whereas for patients with non-CNS
tumors it was 20 (7-33). 6 patients underwent an adaptive re-planning based on the check CT scans and/or
CBCT imaging. 16 patients (34%) also received concurrent chemotherapy as 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 0.95Kg
(0.1-10.5kg corresponding to 0.15-10.9% of body weight). 17 patients gained weight during the treatment
with a median of 0.9kg (0.1-5.3Kg or 0.5-21.7%). Table 3 depicts acute toxicities noted in CNS and non-CNS
tumors. Most common acute toxicity noted irrespective of the site of irradiation was radiation dermatitis.
21 patients (45%) had grade 2 dermatitis and only 1 patient (2%) had grade 3 dermatitis (13-year child with
nasopharyngeal carcinoma who received 70Gyto bilateral neck). 18 patients (38%) had grade> 2 and 14
patients (30%) had grade> 3 hematological toxicities of which 12 patients (26%) had grade > 3 neutropenia.
None of the patients developed grade 3 mucositis or dysphagia which mandated a need for feeding tube
during treatment.

On univariate analysis (Chi-square test) of patients with CNS tumors, concurrent chemotherapy (p=0.009),
CSI (p<0.001)and volume of CTVwere associated with > 2 grade hematological toxicity[Table 4]. On
multivariate analysis both concurrent chemotherapy (p=) and CSI (p) were independently associated with>
2 grade hematological toxicity.



Among non-CNS tumors, on univariate analysis CTV>150cc was significantly associated with > 2grade
fatigue (p=0.017), head neck irradiation (p=0.01) was associated with> 2 grade mucositis and concurrent
chemotherapy(p=0.02) was associated with grade > 2 hematological toxicity. The same were found significant
on multivariate analysis. (p=0.05, p=0.03 and p=0.01 respectively)

Follow-up and earlyoutcomes

With a median follow up of 6 months (2-14 months), 4 patients had progressed (after a median time of 3
months) of which 3 patients progressed in the irradiated volume whereas 1 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 on
follow-up and have no clinical or radiological signs of progression.

Discussion

Given the paucity of data from this part of the world, we demonstrated that image guided PBS PBT in
our setting can be safely delivered with acceptable acute toxicities in children and young adults. 28% of
the patients treated at our centre with PBT belonged to this age group. Despite a wide variation in socio-
political and cultural backgrounds of patients and physicians, the demographic profile of patients treated at
our centre was comparable to other established PBT centres. A survey among 253 radiation oncologists in
India, there was a significant variation in perception and knowledge regarding PBT [17]. According to this
survey, although 90% of the respondents believed PBT has a definite role in pediatric tumors, 69% believed
that there is a need for randomized trials in pediatric population.

Due to potential benefits of PBT, increasing number of children are being treated with this modality. The
use of PBT for children in the United States has increased nearly 10-fold in the last 15 years [18]. A study
based on US national cancer database showed that the patients treated with PBT are more likely to be from
higher socioeconomic strata, have a residence >200 miles from the treating centre, younger (<10 years), and
have a diagnosis of bone or soft-tissue sarcoma, ependymoma, or medulloblastoma[l8]. The demographic
pattern of patients treated at our centre was very similar to the patient profile across several established
proton therapy centres of North America and Europe and that of the pediatric proton photon cancer registry
(PPCR) [19]. The common sites for use of proton therapy at our centre were CNS, head neck and skull
base as was noted in the PPCR. The most common histologies treated at our centre were pediatric sarcoma
(including RMS, Ewing’s and Non-RMS sarcomas), ependymoma, glioma and medulloblastoma. 77% of our
patients travelled more than 500km and 70% of them belonged to metropolitan cities.

Therapeutic ratio in radiation therapy is the relationship between the tumor control probability and nor-
mal tissue complications. Advances inconventional radiation therapysuch as IMRT, image guided radiation
therapy (IGRT) and stereotactic radiation therapy (SRT) have significantly improved this ratio in the last
two decades.Several dosimetric studies have consistently shown that PBT can improve the therapeutic ratio
even further due to significant reductions in the total radiation dose received by the normal tissues despite
the fact that most literature is based onthe previous generation passive scattering proton therapy (PSPT)
without image guidance. This dosimetric benefit can potentially mitigate the risk of major late toxicities
such as hearing loss, neuro-cognitive impairment, endocrinopathies, vision impairment, cardiovascular toxic-
ities, gonadal dysfunction, growth defects/deformities, pneumonitis, nephropathy, late bowel complications,
xerostomia, lymphedema and SMN [20, 21, 22].In a phase 3 setting, reduction in the dose to pituitary hy-
pothalamic axis and hippocampus has shown to limit neuro-cognitive decline and endocrine dysfunction [23]
and these results can be extrapolated to several other contexts.

Apart from the potential to minimize toxicities due to sharp dose gradients, protons atleast theoretically
areradiobiologically more effective than photons (10-70% higher radiobiological effectiveness) [24]. However,
in reality there is no conclusive clinical evidence to prove that the increased radiobiological effectiveness leads
to improvement in local control, but there is evidence to show thatmodern PBT plans are dosimetrically
superior for most indications.



Our study demonstrated very low incidence of grade 3 acute toxicities despite a median dose of 54CGE
for CNS, 59.4CGE for non-CNS tumors, 28% of our patients received CSI, and nearly 70% of patients of
non-CNS tumors were in the head neck region. Acute toxicities noted in our study were comparable to other
reported studies [25-28].0ur 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, CTV>150cc was associated with
grade > 2 fatigue. Treatment related fatigue, which is multi-factorial, has been under-reported across several
studies especially in children. In a study of 57 RMS patients treated with PBT, although grade 1 fatigue was
not reported, 14% children had grade 2 fatigue [25] whereas in another study where 48 children were treated
with PBT for CNS tumors, 77% of children had grade 1-2 fatigue[26]. Expectedly our study also showed that
CSI and concurrent chemotherapy was associated with grade> 2 hematological toxicity. Although PBT can
potentially spare the vertebral bone marrow, 77% of our patients who underwent CSI were of <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 hematological toxicity.

Image guidance has shown to improve radiation therapy outcomes for several [29]tumor sites and is prac-
ticed widely across all age groups including the pediatric population [30].Incorporation of on-board CBCT
imaging on PBT equipment, has significantly improved the treatment precision and efficiency. Since PBS
is extremely depth sensitive,small deformations of the tissues in the beam path could lead to significant
dose perturbations and therefore frequent volumetric imaging is crucial.At our centre, our on-treatment
imaging protocol included 1-2 weekly check CT scans to quantify the dose perturbations apart from the
routine use of on-board CBCT. In our study, 6 patients required adaptive re-planning during the treatment.
Threepatientshada significant weight-loss leading to loss of tissue in the proton beam path. Increase in post-
operative collection, significant deformation of bowel due to gaseous distension and frequent setup errors
due to non-reproducibility of spinal curvature led to adaptive re-planning in 3 patients (one each). All these
deformations which triggered a re-plan were picked upduring the on-board CBCT.None of the fivepatients
with craniopharyngioma requiredadaptive re-planning. Based on these results, our on-treatment imaging
protocol was amended for most tumor sites to include check CT’s only if the CBCT showed significant
deformations. A detailed imaging audit of the first 150 patients will be published elsewhere.

Despite the increased adoption of PBT in Europe and North America, the cost and access to PBTare the
biggest hurdles to its widespread dissemination.In India where nearly up to 4.4% of all cancers are seen in
children younger than 15 years[31] there would be a significant demand for this modality. Unfortunately,since
approximately 70% of healthcare is delivered by the private sector in India and the penetration of health
insurance is limited, most patients have to pay for healthcare services out of pocket. Only 13% of children
in this studyhad the treatment funded through insurance. 60% received partial financial support from our
institution and 20% received additional crowdfunding support towards the treatment.

Although the upfront cost of proton therapy is higher, studies have shown that it is more cost effective
than other conventional radiation techniques for certain pediatric tumors.[32-36]A study evaluating cost
effectiveness of PBT in medulloblastoma revealed a 52% reduction in risk of SMN, a 33% reduction in
cardiovascular and non-cardiovascular mortality, an 88% reduction in risk of hearing loss, endocrinopathies,
osteoporosis and IQ decline with gain of 0.68 QALY /child with an estimated incremental cost-effectiveness
ratio of -23,600 Euros [32]. Most of these cost-effectiveness studies were performed in North America and
Europe and hence may not be relevant in the context of low and middle income countries and there is a need
for generating relevant evidence based on local factors.Unfortunately there are several challenges inevidence
generation for PBT across the world. Active engagement by professional organizations, innovative clinical
trial designs and a collaborative approach between various stake-holders have been proposed as possible
solutions to overcome some of these challenges [37]

This study was aimed to report the demographic features and our initial experience with treating children
and young adults with PBT at our centre. Although the data was prospectively collected in consecutive
patients, there were a few limitations to this study. The median follow-up period was only 6 months and



hence we wereonly able to report acute toxicities. We intend to report detailed dosimetric and clinical
outcomes of relatively homogenous groups of patients after a sufficiently longer follow-up period. Also, so
far we were unable to collect quality of life or detailed neuro-cognitive assessments, however we would be
prospectively collecting the same in the future.

Conclusion

This study reports demographic features of the consecutive 47 patients treated at a new proton therapy
centre in the initial 14 months. This study also showed that PBT can bedelivered safely with acceptable
acute toxicitiesfor judiciously selected children and young adults with CNS and non-CNS tumors. A longer
follow-up is needed to evaluate its efficacy with respect to disease outcomes and late toxicities.
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TABLES

TABLE 1 Baseline characteristics

TABLE 2 Treatment characteristics

CSI-craniospinal irradiation, CTV-clinical target volume, CGE-cobalt grey equivalent, SFO-single field op-
timisation, MFO-multifield optimisation, QA-quality assurance, CBCT-cone beam computed tomography

TABLE 3 Acute Toxicities CNS vs Non-CNS
TABLE 4 Univariate analyses (Chi square test)

CTV-Clinical Target Volume, PBT-Proton Beam therapy, CCT-Concurrent chemotherapy, CSI-Craniospinal
irradiation,

* Any mucositis, bowel or esophageal toxicity

FIGURE

FIGURE 1 Pie diagram of site-wise diagnosis (A) CNS (B)Non-CNS

FIGURE 2 A Child being treated (A) under sedation and (B) console with image guidance picture
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