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Abstract

Background: Radiation therapy (RT) confers local tumor control and survival advantages in
some patients with osteosarcoma, yet pediatric and adolescent and young adult (AYA) population
studies are limited.

Methods: Twenty-eight patients treated with curative-intent RT (median dose, 59.4 Gy; range,
40-76 Gy) at our institution from 1990 to 2017 were retrospectively identified. Cumulative
incidence (CIN) of local failure (LF) was estimated by Gray’s method and overall survival (OS) by
the Kaplan-Meier method. Competing-risk regression and Cox proportional hazards models
determined predictors of outcome. Toxicity was reported according to CTCAE v4.0.

Results.—With a median follow-up of 99.1 months in living patients, nine patients (32.1%)
developed LF. Estimated CINs of LF with competing risk of death at 5 years for the entire cohort,
patients at initial diagnosis (n=16), and recurrent/refractory patients (n=12) were 32.7% (95% ClI,
16.0%-50.5%), 25.0% (95% ClI, 7.3%—-48.0%), and 43.8% (95% Cl, 13.6%-71.0%), respectively
(P=0.31). Estimated 5-year OS was 42.6% (95% ClI, 23.2%-62.0%), 54.6% (95% CI, 29.5% —
79.6%), and 24.3% (95% CI, 0-52.2%), respectively (A= 0.15). No clinicopathologic features
were significantly associated with LF, yet lack of chemotherapy or metastasis at the time of RT
were independent significant prognostic factors of decreased OS. Eleven patients experienced RT-
related morbidity, with two grade 3 toxicities and no grade 4/5 events.
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Conclusions.—Curative-intent RT in pediatric and AYA patients was well tolerated and
achieved a local tumor control rate of 75% in primary patients. Local control rates were similar to
those in primarily adult studies, with similar or lower doses.
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1. INTRODUCTION

Osteosarcomas are tumors originating from the bony mesenchyme, which produces osteoid
and immature bone growth from the outer cortex of the bone.! Osteosarcomas are the most
common primary malignant neoplasm of bone in children, adolescents, and young adults,
and they also have a high prevalence among older patients (=65 years of age). In children
and adolescents, the incidence rate of osteosarcoma is 2.4%, making it the eighth most
prevalent pediatric cancer.2 Chemotherapy and surgical resection are the mainstays of
treatment for osteosarcomas, resulting in 5-year overall survival of 68%.2 Multi-agent
chemotherapeutic agents, including doxorubicin, high-dose methotrexate with leukovorin
rescue, cisplatin, and ifosfamide, have been used to faciliate complete resection and to
enhance postoperative local control.2 However, several factors limit the applicability of
surgical resection, including restricted anatomic primary sites (head and neck, shoulder,
pelvis, or vertebrae), which may result in resection with positive margins or gross residual
disease or in excessively morbid surgery, poor tumor response to chemotherapy, or the
patient declining surgery. Additionally, in some patients with widely metastatic disease or
recurrent/refractory disease, the disease burden may limit the indication for surgical
resection. Some cases of multiple locally recurrent or metastatic lesions do not warrant
surgery because of the overall low benefit-to-complications ratio. In these cases,
radiotherapy (RT) may be considered, often in combination with chemotherapy, for local
tumor control.

Picci et al. suggested that the risk of local recurrence of osteosarcoma was associated with
limited surgical margins after resection and poor response to chemotherapy as assessed by
tumor necrosis, suggesting that an enhanced tumor response and wide-margin resections are
ideal for patients with osteosarcoma.* The Cooperative Osteosarcoma Study Group (COSS)
has shown that definitive RT improves outcomes for unresectable tumors in the pelvis and
spine, improving 5-year overall survival from zero to 29% (= 0.003).5 This suggests that
osteosarcoma does respond moderately to RT, which has better, albeit still poor, applicability
as the primary treatment for patients with unresectable disease. Delaney et al. noted that
unresectable or positive-margin osteosarcomas treated with RT had a local control rate of
68% * 8.3% at 5 years.” A similar study by Ciernik et al. showed a local control rate after 5
years of 72%, 5-year disease-free survival of 65%, and 5-year overall survival of 67%.8 The
same study showed that late grade 3 or 4 treatment-related toxicities were observed in 30.1%
of patients. In a study by Mahajan et al., RT was shown to improve symptom palliation,
resulting in improvements in pain related to osteosarcomas in 76% of patients and
suggesting that local control is not the only indication for RT in patients with osteosarcoma.®
Collectively, these studies highlight the potential utility of RT with standard-of-care therapy
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for osteosarcoma and begin to address potential complications associated with this
intervention.

Despite the prevailing notion that osteosarcomas as a group are uniformly radioresistant, the
results of the above-mentioned studies and others suggest that RT can play an important role
in the management of osteosarcoma in some patients. However, prospective data are lacking,
and reports are particularly limited regarding the indications and outcomes in children or
adolescents and young adults (AYAs) with osteosarcoma treated with RT. With the goal of
better understanding the role of RT in the management of osteosarcoma and the treatment
consequences of this modality in this vulnerable population, we reviewed patients with
osteosarcoma treated with curative-intent RT at our institution. Here, we provide details of
the disease outcomes, patterns of disease failure, predictors of local failure and survival, and
RT-associated toxicities.

2. METHODS

2.1. Study description and patient population

This institutional review board-approved retrospective study reviewed 28 patients aged
between 7 and 19 years at initial diagnosis who had a histologically confirmed osteosarcoma
and were treated with curative-intent RT at St. Jude Children’s Research Hospital between
1990 and 2017 (Figure 1). Curative-intent RT was defined as the use of RT in patients with
primary disease and patients with recurrent/refractory disease who may, upon
multidisciplinary review, achieve enhanced survival outcomes from definitive RT (=40 Gy)
as a component of therapy. Patients with newly diagnosed osteosarcoma (with or without
metastasis) and those with refractory/recurrent tumors (with or without metastasis) were
included. Indications for curative-intent RT included close/positive tumor margins after
surgical resection, unresectable tumors, poor response to neoadjuvant chemotherapy
(determined via the percentage of tumor necrosis in excised specimens), and/or
consolidation of metastatic site disease. All patients received chemotherapy as part of their
primary therapy. Tumor staging was performed according to the AJCC Cancer Staging
Manual (7th edition).10 The definitions of the extent of surgical resection were based on
descriptions by Enneking,1! with margin status being identified via pathologic assessment.
The histologic response to neoadjuvant chemotherapy was recorded as tumor necrosis less
than or greater than or equal to 90% upon pathologic examination of the excised tumor.12
The location of the primary tumor and the irradiated site were also recorded. Departmental
and hospital charts and records were reviewed to assess local control, overall survival, and
treatment-related morbidity.

2.2. Study therapy and follow-up

Radiotherapy was delivered to all patients after they received chemotherapy with or without
surgical resection. With the exception of doxorubicin, chemotherapy was delivered
concurrently with RT in patients with newly diagnosed disease. External beam radiation
therapy (EBRT) was delivered to patients as 3D conformal radiotherapy (3D CRT),
intensity-modulated radiation therapy (IMRT), or intensity-modulated proton therapy
(IMPT). The EBRT doses ranged from 40 to 76 Gy and were delivered in daily fractions of
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between 1.5 and 8.0 Gy. The duration of EBRT ranged from 6 to 64 days. Interstitial high
dose-rate brachytherapy was used in three patients, with doses ranging from 34 to 40.5 Gy
delivered in 3.4 to 4.5 Gy fractions twice daily.

Radiotherapy target volumes were delineated based on co-registration of computed
tomography (CT) with magnetic resonance imaging (MRI) treatment planning data sets
obtained with the patient in the treatment position. Generally, the gross tumor volume
(GTV) encompassed the postoperative surgical bed or gross tumor. An anatomically
constrained, 2.0-cm clinical target volume (CTV) margin was added to the GTV and/or
resection cavity without specific targeting of incisions, drain sites, or adjacent nodal sites. A
patient-specific planning target volume (PTV) margin that ranged from 0.4 to 1.0 cm was
added to the CTV for photon irradiation, whereas robust optimization with 5-mm/3% setup/
range uncertainty was employed for proton irradiation.

Treatment-related toxicities were assessed weekly during RT and at each follow-up visit.
Toxicities were defined as acute (occurring within 3 months of starting RT) or late
(occurring more than 3 months after starting RT). The Common Terminology Criteria for
Adverse Events, version 4.0 (CTCAE v4), was used to classify and grade RT-related
toxicities. Local failure (LF) and distant failure were defined relative to the high-dose RT
field employed at the treatment site. Biopsy or, alternatively, CT and/or MRI demonstrating
tumor growth or new sites of disease that resulted in a change in therapeutic management
was used to assess the date of local and/or distant progression of disease. The development
of any subsequent malignant neoplasm after the initiation of RT was noted.

2.3 Statistical analysis

The cumulative incidence (CIN) of LF was estimated using the competing-risks method and
was compared using Gray’s test. Competing risk included death of any cause, and the
duration of the CIN was defined as the time from the start of RT to progression at the
irradiated site, or death if occurring prior to LF, or last follow-up for patients without LF or
death. Overall survival was defined as the time from the start of RT to death of any cause or
date of last follow-up for survivors. Probability estimates of overall survival with 95%
confidence intervals (Cls) were calculated using the Kaplan-Meier method and were
compared using the log-rank test. A regression model for competing risks proposed by Fine
and Gray was used to identify independent predictors of LF, and a Cox proportional hazards
model was used to identify predictors of overall survival. Risk estimates, expressed as
hazards ratios (HRs) and 95% Cls, were reported. Patients who had recurrent disease or who
died within 3 months of the end of RT were not included in the analysis of late toxicity.
Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). A
two-sided significance level of £< 0.05 was considered to indicate statistical significance.

3. RESULTS

3.1.

Patient and treatment characteristics

Table 1 summarizes the overall clinicopathologic and treatment characteristics of the study
cohort at primary diagnosis. The median age of the 28 patients was 13.4 years, with a range
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from 7 to 19 years. The male-to-female ratio was 1.5:1. Most patients (42.9%) presented
with primary tumors of the extremities. Head and neck sites and pelvic sites each made up
approximately 20% of the cases. Only one patient presented with stage | disease, whereas 10
patients (35.7%) had metastatic disease at diagnosis. Twenty-two patients (78.6%)
underwent surgical resection at the primary tumor site, and positive margins were found in
two patients at the time of primary disease management and two at the time of local tumor
recurrence. At diagnosis, fifteen patients (53.6%) were treated with individualized systemic
therapy treatment plans with standard cisplatin, high-dose methotrexate, and doxorubicin
(MAP) chemotherapy. The other 13 patients (46.4%) were enrolled on prospective clinical
trials investigating carboplatin in lieu of cisplatin (n=6),12 omission of methotrexate (n=3),14
addition of bevacizumab to MAP chemotherapy (n=3),1° and neoadjuvant vincristine,
ifosfamide, and doxorubicin (n=1 with extraosseous osteosarcoma).18 A histologic response
of at least 90% necrosis after neoadjuvant chemotherapy was observed in half of the patients
who underwent tumor resection.

Regarding the timing of RT, 16 patients (57.1%) were treated during the primary disease
course (i.e. RT was employed as a component of upfront therapy), whereas 12 (42.9%)
received RT at the time of recurrent or refractory disease. Of the 12 patients with recurrent/
refractory disease, the median number of treatment regimens prior to definitive management
with RT was 1 (1 regimen: seven patients, 2 regimens: three patients, 5 regimens: two
patients). Fourteen of the 16 patients with newly diagnosed disease received RT to the
primary tumor site, while two patients underwent metastatic disease site RT. Treatment was
delivered to the primary tumor site in 5 of 12 patients with recurrent/refractory disease and
to sites of metastatic lesions in the other 7 patients. The pelvis was the most commonly
irradiated site, and although seven patients underwent irradiation of the extremities, only one
of these patients underwent RT during the primary disease course. All but three patients
were treated with EBRT, with 3D CRT being the most commonly employed technique. The
median EBRT dose was 59.4 Gy (range, 40-76 Gy) for the total cohort, with a median dose
of 61.9 Gy, 54.1 Gy, and 49.0 Gy for patients treated with definitive, adjuvant, and
metastatic site consolidative RT, respectively.

Local tumor failure and associated prognostic factors

With a median follow-up time of 17.8 months for the entire cohort and 99.1 months for
living patients, nine patients (32.1%) developed local failure at the irradiated site. Eight of
these nine patients also presented with stage I'\VA disease. Four of the nine patients received
RT as a component of primary therapy, and five patients were treated at the time of
recurrent/refractory disease. Eight of the nine patients ultimately developed distant failure
after RT, and all eight eventually died of disease. The estimated CIN of LF with the
competing risk of death for the entire cohort at 5 years was 32.7% (95% CI, 16.0%-50.5%)
(Figure 2). The CIN at 5 years was 25.0% (95% Cl, 7.3%-48.0%) for patients with primary
disease and 43.8% (95% ClI, 13.6%-71.0%) for patients with recurrent/refractory disease
(P=10.31). Local tumor progression was observed in 3/13 patients (23.1%) treated with
adjuvant RT after resection, while 3/6 patients (50%) treated with definitive RT experienced
local progression. On regression analysis with competing risk, none of the following
clinicopathologic variables were significantly associated with LF: age at primary diagnosis,
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patient sex or race, irradiated tumor size, site, or stage, receipt of chemotherapy or surgery at
the time of RT, or cumulative RT dose or modality.

3.3.  Survival outcomes and associated prognostic factors

The Kaplan-Meier estimates for overall survival at 5 years were 42.6% (95% Cl, 23.2%—
62.0%) for the total cohort, 54.6% (95% Cl, 29.5% —79.6%) for the patients with primary
disease, and 24.3% (95% CI, 0-52.2%) for the patients with recurrent/refractory disease (P=
0.15) (Figure 3). Fifteen patients have died, 14 as a result of progression of osteosarcoma
and one of a subsequent glioblastoma that developed outside the RT field. Of these fourteen
patients who died of progressive disease, seven patients were treated with RT for primary
osteosarcoma and seven for recurrent/refractory disease. All 14 of these patients developed
metastatic disease or experienced progression of existing metastatic disease. Cox regression
analysis found the lack of receipt of chemotherapy at the time of RT and metastasis at the
time of RT to be significant independent predictors of inferior OS, whereas irradiated tumor
size (in cm) was marginally associated with overall survival (Table 2).

3.4. Treatment-related toxicities

Eleven different patients experienced complications potentially attributable to RT (Table 3;
described in detail in Supplemental Table S1). There were 16 RT-associated toxicities in
total (with three patients having two different events each and one patient having three
events). Thirteen of the events occurred in the acute setting (during RT treatment or within 3
months of starting RT), and three events occurred in the late setting (=3 months after starting
RT). Only two significant, grade 3 toxicities occurred, both in the late setting. One patient, a
9-year old female, experienced growth arrest of the right breast that required reconstruction
after irradiation to a cumulative dose of 59.4 Gy of the T12 vertebral body region of the
spine. The other patient, a 20-year old male, experienced confirmed bilateral sensorineural
hearing loss after irradiation to 59.4 Gy of the right maxilla. The same patient also received
neoadjuvant and adjuvant cisplatin. No patients had grade 4 toxicity. The remaining 14 cases
of toxicity were assessed as grade 1 or 2 toxicities. As expected, most of the events were
related to radiation dermatitis, mucositis, and/or pain, accounting for 10 (62.5%) of the 16
cases. The single case of late grade 1 radiation necrosis in the central nervous system (brain)
was observed radiographically and was without associated symptoms. RT-related toxicity
was observed in only those patients who received EBRT. Five of the 11 individual patients
underwent irradiation for unresectable tumors, and their disease was managed with
chemotherapy and RT alone. No patient developed a subsequent malignant neoplasm within
the initial RT field.

4. DISCUSSION

This study documents the local control outcomes of pediatric patients with osteosarcoma in
both the upfront and recurrent settings and at sites of both primary and metastatic disease
when combined with chemotherapy and/or surgery, with comparable results to limited
studies in this population.8® This study also recapitulates data from several prior studies
demonstrating that surgery is a critical component of local control of osteosarcoma, with
local tumor progression observed in one-half of the patients treated with definitive RT. The
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LF rate for our cohorts was comparable to that in the study by Delaney et al., which
demonstrated an actuarial LF rate of 32% at 5 years after treatment in patients with
marginally resected or unresected osteosarcomas treated with RT.” Importantly, the patients
in that seminal study were primarily adults, with a median age of 29 years (compared to the
median age of 13 years in our study), and that study included fewer patients with metastatic
or recurrent/refractory disease. Additionally, the doses employed in that study were
generally higher (median, 66 Gy) than those used in our study (median, 59.4 Gy). Thus, our
findings suggest that curative-intent RT results in local tumor-control benefits for some
pediatric and AYA patients and that these benefits are of a similar extent to those seen in
older patients. Although perhaps clinically intuitive, this finding stands in distinction to
some reports of RT treatment for related sarcomas, including pediatric desmoid tumors and
adult Ewing sarcoma.17:18

Although local tumor control of osteosarcoma after surgical resection without supplemental
RT is excellent, generally exceeding 90%,48 factors that limit the applicability of this
approach are known to negatively influence tumor control. These factors include anatomic
sites that prevent complete resection and disease extent that precludes limb/organ-salvage
surgery.8:19 In such cases, RT is often variably employed, frequently with reservations
arising from perceived radioresistance and/or associated morbidity. Thus, several reports
have attempted to identify prognostic factors that influence the response of osteosarcoma to
RT. In the report by Schwarz et al., in which 100 patients with osteosarcoma who received
RT were identified within the COSS registry, RT modality (RT + surgery vs. RT alone) and
RT indication (primary, locally recurrent, or metastatic disease) were significantly associated
with local tumor control.14 The impact of surgical resection on local control outcomes in
patients who received RT was also observed in the study by DeLaney et al.,” as well as in the
recent large study of patients with extremity osteosarcoma managed with neoadjuvant
chemotherapy, resection, and adjuvant RT.20 In our study of 28 patients, which was
restricted to the pediatric and AYA population, we observed no significant prognostic factors
associated with local tumor control on regression analysis for competing risk. However,
some numerical differences in LF by disease course were clearly noted, with a 1-year LF
rate of 19.6% for patients with primary disease, compared to 33.5% for those with recurrent/
refractory disease. Clearly, the small sample size was a limitation of our study, as was the
case with several other reports exploring the role of RT in the management of osteosarcoma,
and this precluded an analysis of LF with respect to the extent of resection. An additional
acknowledged limitation of this descriptive cohort study includes selection bias, particularly
related to the selection of a potentially curative patient population.

The concept that osteosarcoma is a uniformly radioresistant tumor has been challenged by in
vitro studies. For example, Larsen et al. demonstrated that the a and p values, derived from
clonogenic cell survival curves of three osteosarcoma cell lines, were similar to values
obtained for cell lines derived from human tumors that are frequently cured with RT.2
Similarly, a separate study showed that the dose necessary to achieve 50% survival (D50%)
in osteosarcoma cell lines was, in fact, much lower than the D50% of cell lines derived from
human melanomas, which are also frequently viewed as radioresistant.22 Furthermore, a
clear dose-response relation with local tumor control was not established in our study or in
the studies by DeLaney et al.” and Schwarz et al.19, yet this relationship may be more
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apparent with proton therapy.8 Although the clinical outcomes in patients with
osteosarcomas managed with definitive chemoradiation are poor and the LF rates of tumors
managed with surgery and RT are inferior to those for tumors managed with surgical
resection alone, it is likely that this result is, at least in part, influenced by the more
aggressive tumor biology manifested in tumors for which RT is ultimately employed. Thus,
it is conceivable that potential heterogeneity of the RT response may be predicated by the
heterogeneous genomic landscape of osteosarcoma.23:24 Moving forward, it may be
important to take into account not only clinical factors but also the evolving molecular
subgroups of osteosarcoma when assessing the utility of RT in this population.

With the addition of multi-agent, dose-intensive chemotherapy to surgical resection,
improvements in 5-year survival of up to 70% have been achieved for localized disease, but
patients with metastatic or recurrent disease fair much more poorly.25 Beyond the disease
burden and treatment course, additional prognostic factors consistently associated with
survival in patients with localized osteosarcoma include the histologic response to
chemotherapy and the extent of primary site surgical resection. Similar to these findings
and those of related studies, the disease burden and treatment course of our patient
population influenced their survival outcomes. Eighteen (64.2%) of the 28 patients presented
with metastasis to the lungs, other bone sites, or both at the time of RT, whereas 12 patients
(42.9%) presented with recurrent/refractory disease. Although not reaching statistical
significance, patients with primary disease were found to have a 5-year overall survival
estimate of 55.6%, compared to 24.3% for those with recurrent/refractory disease (P= 0.15).
Furthermore, Cox proportional hazards modeling revealed a significant association between
metastatic disease at the time of RT and overall survival, with a hazard ratio of 3.6 (P
=0.051). Additionally, the receipt of chemotherapy at the time of RT was significantly
associated with survival (HR, 0.31; P=0.03), and irradiated tumor size (cm) was marginally
associated with survival (P= 0.07). Although the 5-year overall survival rate of our cohort is
inferior to that reported by DeLaney et al.” (43.7% vs 65.5%, respectively), this probably
reflects the patient selection for the two studies; as discussed above, our study included a
higher proportion of high-risk patients.

Finally, any assessment of the role of RT in the management of osteosarcoma in the pediatric
and AYA population must include treatment-related toxicities. Although the inherent
limitations of retrospective chart review regarding toxicity assessment are acknowledged,
most (87.5%) of the toxicities attributed to RT in our study were of grade 1 or 2. There were
only two cases of grade 3 toxicity, one of which included bilateral hearing loss, which was
probably influenced by concurrent cisplatin administration. Importantly, there were no cases
of grade 4 toxicity. Overall, although our patient cohort tolerated RT relatively well,
requiring little or no medical intervention for treatment complications, the morbidity of RT
in this study and others was not insignificant.”20:26 With the advances in RT techniques2?
and the incorporation of charged-particle therapy,827 it is hoped that continued progress in
enhancing the therapeutic ratio through the reduction in treatment morbidity will improve
outcomes for those patients with osteosarcoma who may benefit from RT.
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Abbreviations

3D CRT Three-dimensional conformal radiation therapy

AYA Adolescent and young adult

Brachy Brachytherapy

Cl Confidence interval

CIN Cumulative incidence

CT Computed tomography

CTVv Clinical target volume

EBRT External beam radiation therapy

GTV Gross tumor volume

HR Hazard ratio

IMPT Intensity-modulated proton therapy

IMRT Intensity-modulated radiation therapy

LF Local failure

LF Local failure

MRI Magnetic resonance imaging

oS Overall survival

PTV Planning target volume

RT Radiation therapy
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therapy; M, metastasis; EBRT, external beam radiation therapy; Brachy, brachytherapy.
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Cumulative incidence of local failure
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Figure 2.

Cumulative incidence of local tumor failure for the overall cohort (blue), for patients with
primary disease (red), and for patients with recurrent/refractory disease (green). Cl,

confidence interval.
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Figure 3.

Overall survival estimates for the overall cohort (blue), for patients with primary disease
(red), and for patients with recurrent/refractory disease (green). Cl, confidence interval; +,
censored patients.
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TABLE 1.

Clinicopathologic features at diagnosis and radiotherapy characteristics.

Characteristic N % or Median (Range)
Age 28 13.4 (7-19) years
Gender Male 17 61%
Female 11 39%
Site of primary tumor Head/neck 6 21%
Spine/trunk 4 14%
Extremity 12 43%
Pelvis 6 22%
Primary tumor size 28 5.2 (1.1-24.0) cm
AJCC stage 1A 1 4%
1A 10 36%
11B 7 25%
IVA 10 35%
Surgery for primary tumor  Yes 22 79%
No 6 21%
Primary surgical margins Positive 2 9%
Negative 20 91%
Histologic response <90% 8 36%
>90% 11 50%
N/A 3 14%
Disease course @ RT Primary 16 57%
Recurrent 12 43%
Indications for RT * Unresectable primary 6 21%
Positive/close margins 12 43%
Poor histologic response 5 14%
Metastatic consolidation 9 32%
Irradiated site Head/neck 5 18%
Spine/trunk 6 21%
Extremity 7 25%
Pelvis 8 29%
Lung 2 7%
Radiotherapy Dose/fraction 28 2.7 (1.1-8.0) Gy
Total EBRT dose 25 59.4 (40.0-76.0) Gy
Total brachy dose 3 34.0 (32.0-40.5) Gy
RT technique 3D CRT 14 50%
IMRT (SBRT) 10 (4) 36% (14%)
Brachy 3 11%
IMPT 1 3%
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RT, radiation therapy; EBRT, external beam radiation therapy; 3D CRT, 3D conformal radiotherapy; Brachy, brachytherapy; IMRT, intensity-
modulated radiotherapy; IMPT, intensity-modulated proton therapy; N/A, not available;
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*
Indications for RT for 5 patients included both poor histologic response and positive/close margins.

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 August 01.

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Tinkle et al.

TABLE 2.

Cox proportional hazards regression model of overall survival

Variable Parameter estimate ~ Standard error  P-value Hazard ratio
Chemotherapy at time of RT -1.19 0.53 0.03 0.31
Irradiated tumor size (cm) 0.07 0.04 0.07 1.07
Metastasis at time of RT 1.28 0.65 0.05 3.59
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TABLE 3.

Page 18

Adverse events associated with radiation therapy by grade according to Common Terminology Criteria for
Adverse Events, version 4.0 (CTCAE, v4.0)

Acute (<3 months)

Gradel Gradell Gradelll

Dermatitis 1 3 0
Mucositis 0 2 0
Pain 1 3 0
Diarrhea 1 0 0
Dysphagia 1 0 0
Procitis 0 1 0
Acute total 4 9 0

Late (=3 months)

Gradel Gradell Gradelll

Radiation necrosis 1 0 0
Breast hypoplasia 0 0 1
Hearing loss 0 0 1
Late total 1 0 2
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