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Abstract

Purpose: The presented protocol for pediatric intermediate-risk Hodgkin lymphoma evaluated 

the use of a dose-intensive chemotherapy regimen (ABVE-PC [doxorubicin, bleomycin, 

vincristine, etoposide, cyclophosphamide, prednisone]) with response-based therapy augmentation 

(addition of DECA [dexamethasone, etoposide, cisplatin, cytarabine]) or therapy reduction 

(elimination of radiation).

Methods and Materials: A central review of the radiation therapy data for quality assurance 

was performed, and the association between radiation protocol deviation (RPD) and relapse was 

assessed in the pediatric group (age <15 years) and adolescent and young adult (AYA) group (age 

≥15-21 years). Involved-field radiation therapy (IFRT) planning was reviewed before the start of 

Reprint requests to: Stephanie A. Terezakis, MD, Department of Radiation and Molecular Radiation Sciences, Johns Hopkins Sidney 
Kimmel Comprehensive Cancer Center, 401 North Broadway, Suite 1440, Baltimore, MD 21231-2410. Tel: (410) 287-7889; 
stereza1@jhmi.edu. 

Conflict of interest: none.

HHS Public Access
Author manuscript
Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 June 07.

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2018 April 01; 100(5): 1119–1125. doi:10.1016/j.ijrobp.2018.01.002.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



treatment and at treatment completion. The records were reviewed through the Quality Assurance 

Review Center’s central review to identify RPD, classified according to dose deviation (DD), 

volume deviation (VD), undertreatment (UT), and overtreatment (OT). DDs and VDs were further 

classified as major or minor.

Results: Of the 1712 patients enrolled, 1155 received IFRT, of whom, 216 (18.7%) had RPDs. 

The DD and VD patterns were similar between the pediatric and AYA groups. Minor VDs were 

most common. UT RPDs accounted for 69% in the pediatric group and 75% in the AYA group. Of 

the 35 patients with relapse and a RPD, 29 had an undertreatment RPD. Among the patients who 

received IFRT, a significant difference was found in the cumulative incidence rates of relapse 

between the pediatric and AYA groups (P = .03); however, no significant difference was found 

between patients with and without RPD (P = .2).

Conclusions: Most RPDs were minor and consisted of UT in the AYA and pediatric populations 

both. No difference was observed in RPDs between the pediatric and AYA patients. Thus, in a 

well-defined and standardized protocol, the RPD distributions for AYA patients will be similar to 

those for pediatric population. However, the increased cumulative incidence of relapse in the AYA 

patients who had received IFRT compared with the pediatric population requires further 

exploration, given the potential differences in clinical outcomes in the AYA population.

Summary

Because the Children’s Oncology Group AHOD0031 study is the largest phase III study to date on 

intermediate-risk Hodgkin lymphoma in pediatric patients, we investigated the patterns of 

radiation protocol deviation and relapse between the pediatric and adolescent and young adult 

patient cohorts. We found no statistically significant differences in deviation patterns between the 

2 cohorts, although of those who had received involved-field radiation therapy, a significant 

difference was found in the cumulative incidence rates of relapse between the 2 groups.

Introduction

Hodgkin lymphoma (HL) comprises 15% of pediatric and adolescent cancers and is the most 

commonly diagnosed cancer among adolescents aged 15 to 19 years (1). The observed 15-

year survival has been close to 91% (1). These excellent outcomes have led to a shift in the 

focus to balance efficacy with toxicity, using risk-adapted therapy centered on response-

based therapy to attenuate the late effects and maintaining the excellent outcomes (2–17).

Thus, the presented protocol was designed to evaluate the role of early chemotherapy 

response in tailoring subsequent therapy, including radiation therapy (RT), to avoid 

treatment-associated risks that jeopardize overall survival and quality of life (18–20). The 

present trial used central review to ensure the standardization of RT to minimize treatment 

deviations and improve patient outcomes, because deviations can be independent predictors 

of poor outcomes (21–24). The study was also unique because of the use of real-time review 

of anatomic and metabolic images for a central review evaluation of the response (25).

The adolescent and young adult (AYA) population has emerged in recent years as a distinct 

age group with unique medical and psychosocial needs. AYA patients have not been treated 

consistently, and the therapy for AYA patients provider (eg, whether treated by an adult or 
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pediatric oncologist). Data exist to suggest that AYA patients have improved clinical 

outcomes when treated at Children’s Oncology Group (COG) institutions (26). Cancer 

deaths have declined more dramatically in all age groups, except for the 15- to 29-year age 

group (27, 28). This population has demonstrated unique challenges and clinical 

characteristics that have prevented them from benefitting equally in outcomes compared 

with their pediatric and adult counterparts; hence, the AYA survival gap (26–36).

The purpose of the present investigation was to examine the patterns of radiation protocol 

deviation (RPD) and relapse between the pediatric (age <15 years) and AYA (age ≥15-21 

years) patient cohorts in the Children’s Oncology Group AHOD0031 study to determine 

whether the clinical approaches and outcomes between these 2 age groups differed in the 

context of standardized therapy.

Methods and Materials

Patients

A total of 1712 eligible patients aged <22 years from 256 institutions in 7 countries were 

entered in the Children’s Oncology Group Study AHOD0031 protocol, which included 

newly diagnosed, biopsy proven HL, Ann Arbor stage IAE/IIAE (1.6%), IB (0.9%), IIB 

(21.3%), IIIA (20.6%), IVA (14.8%) without bulk disease, and IA (4.8%) or IIA (35.9%) 

with bulk disease. Overall, 1257 patients (73.4%) presented with bulk disease and 435 

(25.4%) did not; the status of the remaining 20 patients was not reported. The histologic 

pathologic type included nodular sclerosis (80.8%), mixed cellularity (9.1%), lymphocyte 

predominant (5.7%), lymphocyte depleted (0.2%), and not specified (4.2%). The study 

participant characteristics are detailed further in Table 1. The trial opened to accrual on 

September 23, 2002 and closed permanently on October 9, 2009. Of the 1712 eligible 

patients, 1155 received involved-field RT (IFRT), of whom 216 had a RPD.

Treatment

The patients received 2 cycles of ABVE-PC (doxorubicin, bleomycin, vincristine, etoposide, 

cyclophosphamide, prednisone). The early response was assessed by computed tomography 

and classified as a rapid early response (RER) or a slow early response (SER). Patients with 

a RER received 2 additional cycles of ABVE-PC and were again assessed for a complete 

response (CR) (18). If a CR was achieved, they were randomly assigned to IFRT or 

observation. Patients with a RER without a CR were assigned to IFRT. Patients with a SER 

were randomly assigned to therapy augmentation with 2 cycles of DECA (dexamethasone, 

etoposide, cisplatin, cytarabine), followed by 2 additional cycles of ABVE-PC or 2 cycles of 

ABVE-PC without DECA. Both SER arms were assigned to IFRT.

IFRT was delivered in 14 fractions of 1.5 Gy for a total dose of 21 Gy that began within 4 

weeks of completing chemotherapy. RT was limited to the involved areas of disease at 

presentation. Any lymph node measuring >1.5 cm in a single axis on computed tomography 

was included in the gross tumor volume and clinical target volume included the anatomic 

compartment containing the involved lymph nodes. To account for patient motion and setup 

variability, planning target volume included a 1.0-cm margin around the clinical target 
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volume, although modification was left to the discretion of the treating radiation oncologist 

to allow for concern of extended treatment of normal tissue.

Protocol compliance and quality assurance

To ensure validity and generalizability in this large multinational trial involving a multiarm 

protocol schema, high-quality protocol methods were used, which has been the practice for 

cooperative group trials, including the COG. The Quality Assurance Review Center (QARC) 

was established to facilitate quality assurance (QA) for RT and superior outcomes, 

promoting confidence in study results.

Thus, treating centers were required to submit IFRT plans to the QARC for central review 

before the start of treatment, at which time suggestions were made to ensure compliance 

with protocol-specified fields. On therapy completion, plans were again required to be 

submitted to evaluate any revised documentation or modifications that occurred after the 

initial, rapid, pretreatment review.

These records were reviewed by study-affiliated or QARC-affiliated radiation oncologists to 

identify dose deviations (DDs) and volume deviations (VDs). A DD was classified as minor 

if a 6% to 10% deviation had occurred from the protocol specification and major if the 

deviation were >10%. A VD was considered “minor” if the volume margins were less than 

the protocol specification and major if the fields had transected disease-bearing areas. Our 

specific review, separate from the previous central review, further categorized any DD and 

VD as undertreatment (UT) or overtreatment (OT). UT was defined as less than the specified 

dose or volume and OT as more than the specified dose or volume.

Dharmarajan et al (20) recently reported on the use of the centralized review in the COG 

AHOD0031 trial titled, “Radiotherapy Quality Assurance Report from Children’s Oncology 

Group AHOD0031.” They found that 88% of patient plans underwent an interventional 

review and 98% of plans, a final review (20). A protocol guideline compliance rate of 100% 

was obtained when the recommended modifications made by the review center were 

incorporated by the treating institution. Patients were considered to have a RPD in the case 

of failure to submit plans for pretreatment review or if the plans were submitted but were not 

compliant with the recommended modifications.

Statistical analysis

Our primary research aim was to evaluate the differences in the prevalence of RPDs between 

pediatric (age <15 years) and AYA (age ≥15-21 years) patients in the COG AHOD0031 trial. 

The prevalence of all forms of RPDs in aggregate was compared across the pediatric and 

AYA groups using the χ2 test. Subanalyses were used to assess the prevalence of each form 

of RPD individually (ie, minor VDs, major VDs, minor DDs, major DDs) between the 2 age 

groups using χ2 and Fischer’s exact tests, as appropriate. Further subset analyses used the 

χ2 test to compare the prevalence of UT and OT between the 2 age groups. A secondary 

analysis assessed the association between RPDs and relapse among the pediatric and AYA 

populations using χ2 and Fisher’s exact tests, as appropriate. All data analysis was 

performed using SAS, version 9.4 (SAS Institute Inc, Cary, NC).
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Results

Overall characteristics

Of the 1712 eligible patients, 1155 (476 pediatric, 679 AYA) received IFRT. A total of 220 

RPDs (80 pediatric patients, 140 AYA patients) were recorded by the QARC, representing 

216 patients (18.7%; 78 pediatric patients, 138 AYA patients).

DDs versus VDs

The patterns of deviation were examined between the pediatric and AYA groups. The 

deviations were categorized as minor VDs, major VDs, minor DDs, and major DDs using 

the specific criteria explained in the Methods and Materials section. When comparing the 2 

groups, the DD and VD patterns were similar. Of the pediatric and AYA patients, 16% (78 of 

476) and 20% (138 of 679) had a deviation recorded during the study (P = .09). Of the 220 

RPD cases, representing 216 individual patients, 90% were categorized as VDs. A minor 

VD was the most common deviation type, with no statistically significant difference 

between the pediatric and AYA patients (56% [45 of 80] vs 60% [84 of 140; P = .59). A 

difference was not observed between the number of patients with a RPD in the pediatric and 

AYA cohorts (16% [78 of 476] vs 19% [138 of 679]; P = .09) nor among the patterns of 

deviation. The categorization of deviation patterns between the 2 age groups are summarized 

in Table 2.

UT versus OT

Further analysis included categorizing the type of deviation as either UT, defined as less than 

the specified dose or volume, and OT, defined as more than the specified dose or volume. 

UT RPDs accounted for 69% (54 of 78) of the deviations in the pediatric group and 75% 

(103 of 138) in the AYA group. OT RPD accounted for 26% (20 of 78) of the deviations in 

the pediatric group and 22% (30 of 138) in the AYA group, with 5% (4 of 78) of the 

pediatric patients and 4% (5 of 138) of the AYA patients having both UT and OT deviations. 

No difference was observed regarding UT or OT between the 2 groups. The categorization 

of the UT and OT patterns between the 2 age groups has been further summarized in Table 

3.

Relapse patterns

Of the 216 patients with RPD, 35 experienced disease relapse. The cumulative incidence 

rates of relapse were compared between the 2 groups. Among the patients who had received 

IFRT, a statistically significant difference was found in the cumulative incidence rates of 

relapse between the pediatric and AYA groups (P = .03). However, no statistically significant 

difference was found between patients with and without RPD (P = .2). The comparisons of 

the cumulative incidence rates of relapse are shown in Figures 1 and 2.

Of the 35 relapses, 29 (83%) occurred in patients with an UT RPD, which was not 

significantly different statistically from the 71% (128 of 181) of the nonrelapse group 

categorized as having an UT RPD (P = .38). The comparison of the UT RPD proportions are 

presented in Table 4. Further subcategorization comparing the relapse and UT/OT between 

the 2 age groups resulted in diminishing categorical values. The same analysis was 
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conducted for the RER subpopulation and non-RER subpopulation to compare the UT RPD 

proportions between the relapse and nonrelapse groups. Among the RPD and non-RER 

patients, 6 of the 8 relapses (75%) occurred among the UT group. In contrast, 28 of the 39 

nonrelapse patients (72%) had an UT RPD (P = .33). A similar nonsignificant association 

was found among the RER patients comparing the UT proportions among the relapse and 

nonrelapse patients: 23 of the 27 patients with relapse (85%) versus 100 of the 142 patients 

(70%) without relapse (P = .3). In addition, no significant differences in the cumulative 

incidence rates of relapse between the AYA and pediatric groups were found for either the 

RER subpopulation (P = .23) or the non-RER subpopulation (P = .54). Owing to the 

decreasing group numbers with further classification of the 27 patients with relapse, 

statistical analysis could not be performed.

Discussion

The COG AHOD0031 study evaluated the outcomes of early response-based therapy in 

intermediate-risk pediatric HL patients. Central quality control in real time was critically 

performed to ensure therapy standardization. As such, the present collection of data is of 

great quality for analysis. The association of poor outcomes with the occurrence RPDs has 

been reported in several studies, underlining the importance of QA, not only in clinical 

trials, but also in everyday practice.

Of particular interest is that deviation patterns between the pediatric and AYA cohorts did 

not demonstrate any differences. The wide majority of deviations were minor, which could 

have resulted from several inherent characteristics of clinical practice and QA review. As 

such, a central review further reduced the small probability that the treating clinician created 

a plan with a major deviation. The observation that 93% of all deviations resulted from 

volume discrepancies reflects a cognizance to avoid the toxic late effects of therapy. In 

general, a similar percentage of pediatric and AYA patients had deviations from the RT 

protocol, and those deviations, whether volume or dose and major or minor, were similar 

between the 2 groups.

When the type of deviations were further categorized into UT and OT to assess for 

differences in the approach to treatment for pediatric and AYA patients, one would presume 

that the younger patients might be predisposed to UT, because the concern for late effects is 

increased. However, this was not the case; a similar percentage of the AYA population was 

also undertreated. Several confounding issues could have influenced this observation, 

including, but not limited to, the referral patterns of these patients, the familiarity with 

treating this specific population, and the definition of such age categories at different 

institutions.

These results suggest that the QA process was consistent regardless of age and that the 

treating clinicians did not approach RT plans differently according to the patient’s age. 

Successful adherence to the RT protocol was achieved, which, in turn, could improve the 

outcomes for the patients in the study, especially those in the AYA improvement gap.
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A recent report by Dharmarajan et al (19) evaluated the relapse patterns in the COG 

AHOD0031 study. They evaluated 198 of the total 244 patient relapses—46 were not fully 

evaluable for review because the patients had developed progression during treatment or 

lacked imaging studies of the relapse. The median time to relapse was 12.8 months. They 

found that 94% of the recurrences developed within the irradiated sites, consistent with other 

data, implying that little rationale exists for expanding fields even in the higher risk patients. 

This suggests that treating involved fields is sufficient and that potential dose escalation can 

be re-evaluated in specific patients with less favorable disease (8, 37–39). Ongoing studies 

using involved-site radiation therapy will further identify the optimal dose and volume 

targets for these patients.

Our study did not show a clear association among the occurrence of relapse, deviation, and 

UT or OT. One confounding factor could be that the AHOD0031 study analysis found that 

RT did not demonstrate a benefit for patients with RER with a CR in the overall study 

population. Further analysis excluding patients with a RER with a CR still did not 

demonstrate any significance when comparing the 2 groups. However, among the patients 

who received RT, we identified a significant difference in the cumulative incidence rates of 

relapse between the pediatric and AYA groups, although no significant difference was found 

between patients with and without RPD. This finding likely reflects the potential biological 

differences in the AYA population compared with their younger counterparts with similar 

diagnoses (40).

Ultimately, higher doses might be required to achieve local control in the setting in which 

only unfavorable patients, such as those with bulky disease or a slow response, are referred 

for RT. The challenge of present studies will be to identify the optimal balance between 

maintaining the efficacy of therapy, especially for those patients who continue to have 

suboptimal event-free survival such as patients with a SER, and minimizing long-term 

iatrogenic morbidity.

Conclusions

A RPD occurred in the few patients with intermediate-risk HL undergoing IFRT in the COG 

AHOD0031 study. Most RPDs were VDs and were minor and related to UT. No difference 

was observed in the RPD patterns between the pediatric and AYA cohorts, demonstrating 

that the QA process was consistent, regardless of patient age. The AYA patients experienced 

a greater cumulative incidence rate of relapse compared with the pediatric patients, 

warranting further exploration, given that no difference was found between those with and 

without RPDs.
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Fig. 1. 
Comparison of cumulative incidence of relapse rates between patients with and without 

radiation protocol deviation (RPD). Abbreviations: CIF = cumulative incidence frequency; 

IFRT = involved-field radiation therapy.

Parzuchowski et al. Page 11

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Comparison of cumulative incidence of relapse rates between pediatric (PED; Ped) and 

adolescent and young adult (AYA) patients. Abbreviations: CIF = cumulative incidence 

frequency; IFRT = involved-field radiation therapy.
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Table 1

Characteristics of study participants

Characteristic n (%)

Age (y)

 0-4 29 (1.7)

 5-9 147 (8.6)

 10-14 641 (37.4)

 15-21 895 (52.3)

Sex

 Male 908 (53.0)

 Female 804 (47.0)

Stage

 I 98 (5.7)

 II 1006 (58.8)

 III 354 (20.7)

 IV 254 (14.8)

Histologic type

 Nodular sclerosis 1383 (80.8)

 Mixed cellularity 156 (9.1)

 Lymphocyte predominant 97 (5.7)

 Lymphocyte depleted 4 (0.2)

 Unknown/unreported 72 (4.2)

B symptoms

 Yes 381 (22.2)

 No 1327 (77.5)

 Not reported 4 (0.2)

Bulk disease

 Yes 1257 (73.4)

 No 435 (25.4)

 Not reported 20 (1.2)
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Table 2

Categorization of deviations between pediatric and AYA patients*

Variable Pediatric group (n = 80) AYA group (n = 140)

Minor VD 45 (56) 84 (60)

Minor DD 6 (8) 10 (7)

Major VD 27 (34) 43 (31)

Major DD 2 (3) 3 (2)

Abbreviations: AYA = adolescent and young adult; DD = dose deviation; VD = volume deviation.

Data presented as n (%).

*
P > .05.
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Table 3

Categorization of undertreatment and overtreatment between pediatric and AYA patients among RPD patients*

Variable Pediatric group (n = 78) AYA group (n = 138)

Less than specified dose or volume 54 (69) 103 (75)

More than specified dose or volume 20 (26) 30 (22)

Both 4 (5) 5 (4)

Abbreviation: AYA = adolescent and young adult.

Data presented as n (%).

*
P > .67.
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Table 4

OT and UT association to relapse*

Variable Relapse group (n = 35) Nonrelapse group (n = 181)

Less than specified dose or volume (UT) 83 (29/35) 71 (128/181)

More than specified dose or volume (OT) 17 (5/35) 25 (45/181)

Both 3 (1/35) 4 (8/181)

Abbreviations: OT = overtreatment; UT = undertreatment.

Data presented as n (%).

*
P > .34.
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