
UCLA
UCLA Previously Published Works

Title
Seven-year follow-up for energy/vitality outcomes in early stage Hodgkin’s disease patients 
treated with subtotal lymphoid irradiation versus chemotherapy plus radiation: SWOG 
S9133 and its QOL companion study, S9208

Permalink
https://escholarship.org/uc/item/75z6v71s

Journal
Journal of Cancer Survivorship, 11(1)

ISSN
1932-2259

Authors
Moinpour, Carol M
Unger, Joseph M
Ganz, Patricia A
et al.

Publication Date
2017-02-01

DOI
10.1007/s11764-016-0559-y
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/75z6v71s
https://escholarship.org/uc/item/75z6v71s#author
https://escholarship.org
http://www.cdlib.org/


Seven-year follow-up for energy/vitality outcomes in early stage 
Hodgkin's disease patients treated with subtotal lymphoid 
irradiation versus chemotherapy plus radiation: SWOG S9133 
and its QOL companion study, S9208

Carol M. Moinpour1,2,*, Joseph M. Unger1,2, Patricia A. Ganz3, Alice B. Kornblith4, Ellen R. 
Gaynor5, Mindy Ann Bowers6, Gretchen S. Gatti7, Mark S. Kaminski8, Harry Paul Erba9, 
Ting Wang10, Jihye Yoon11, Oliver W. Press12, and Richard I. Fisher13

1Public Health Sciences Division, SWOG Statistical Center, Fred Hutchinson Cancer Research 
Center, M3-C102/P.O. Box 19024, 1100 Fairview Avenue North, Seattle, WA 98109-1024, USA

2School of Public Health, University of Washington, Seattle, WA, USA

3UCLA Fielding School of Public Health, Jonsson Comprehensive Cancer Center, University of 
California, Los Angeles, CA, USA

4140 8th Ave, Apt4-O, Brooklyn, NY, USA

5Stritch School of Medicine, Cardinal Bernardin Cancer Center, Loyola University, Maywood, IL, 
USA

6Division of Nephrology, Nephrology Clinical Trials Unit, The Ohio State University, Columbus, 
OH, USA

7Mark H. Zangmeister Center, Columbus CCOP, Columbus, OH, USA

8Department of Internal Medicine, Division of Hematology/Oncology, University of Michigan 
Comprehensive Cancer Center, Ann Arbor, MI, USA

9Division of Hematology/Oncology, The Kirklin Clinic-Birmingham, Birmingham, AL, USA

10Educational Psychology Dept. (PhD program), College of Education, University of Washington, 
Seattle, WA, USA

11Public Health Sciences Division, Fred Hutchinson Cancer Research Center and University of 
Washington, Seattle, WA, USA

12Fred Hutchinson Cancer Research Center and University of Washington, Seattle, WA, USA

*Carol M. Moinpour, cmoinpou@fredhutch.org. 

Electronic supplementary material The online version of this article (doi:10.1007/s11764-016-0559-y) contains supplementary 
material, which is available to authorized users.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of interest.

Ethical approval All procedures performed in the studies involving human participants were in accordance with the ethical standards 
of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable 
ethical standards.

Informed consent Informed consent was obtained from all individual participants included in this study.

HHS Public Access
Author manuscript
J Cancer Surviv. Author manuscript; available in PMC 2018 February 01.

Published in final edited form as:
J Cancer Surviv. 2017 February ; 11(1): 32–40. doi:10.1007/s11764-016-0559-y.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13Fox Chase Cancer Center, Temple University School of Medicine, Philadelphia, PA, USA

Abstract

Purpose—We describe 7 years of follow-up for the energy/vitality outcome in early-stage 

Hodgkin's disease patients treated on a randomized clinical trial that compared subtotal lymphoid 

irradiation (STLI) with combined modality treatment (CMT) (SWOG 9133). Survivorship 

research questions involved the extent to which symptoms/side effects endured over a follow-up 

period of 7 years for this early-stage patient group.

Methods—Two hundred thirty-nine patients participated in the quality of life (QOL) companion 

study (SWOG 9208) and completed the SF-36 vitality scale, SF-36 health perception item, Cancer 

Rehabilitation Evaluation System-Short Form (CARES-SF), and symptom distress scale. This 

paper reports vitality outcome results obtained from randomization, 6 months, and annually for 7 

years. To assess changes in vitality over time, we used linear mixed models with patient as a 

random effect.

Results—Patients receiving CMT had lower observed vitality at 6 months than did the STLI 

patients (p < .0001). However, beginning at year 1, vitality results did not differ significantly by 

treatment over the 5-year (p = .13) and 7-year (p = .16) follow-up periods. Vitality only slightly 

improved over baseline in either group after treatment. The results were similar after accounting 

for patterns of recurrence and missing data.

Conclusions—This study demonstrated that patients with early-stage Hodgkin's disease 

experience a short-term (at 6 months) decrease in vitality with treatment, which is more severe 

with CMT, but that after the first year, vitality scores were similar between the two treatment 

groups. Enduring fatigue results for patients receiving these therapies were not observed.

Implications for cancer survivors—These data provide comprehensive 7-year follow-up 

vitality information, an important symptom for early-stage lymphoma survivors.

Keywords

Hodgkin's disease; Combined modality treatment; Quality of life; Symptoms; Vitality

Introduction

Fatigue has been identified as one of the adverse events of those individuals diagnosed with 

cancer [1, 2] as well as specific types of cancer such as Hodgkin's lymphoma (HL) [3, 4]. 

Cancer-related fatigue is “a distressing, persistent, subjective sense of physical, emotional, 

and/or cognitive tiredness or exhaustion related to cancer and/or cancer treatment that is not 

proportional to recent activity and interferes with usual functioning” (p. 1844) [2, 5]. This 

type of fatigue occurs in 60–96 % of treated cancer patients [6]. Moreover, fatigue has a 

greater impact on quality of life (QOL) than do other cancer-/treatment-related symptoms 

(such as nausea, pain, or depression) [3]. Aside from fatigue's physical impacts, it has 

important emotional, social, psychological, social, and financial effects for both patients and 

family members [3, 6]. Therefore, to understand the effect of treatment on QOL for patients 

with HL, a fatigue outcome is essential. The American Society of Clinical Oncology 

(ASCO) recently reported guidelines for monitoring cancer patient fatigue [2].
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We previously reported SF-36 vitality scale results for the first 2 years of follow-up of 

patients registered to S9208 [7, 8], the QOL companion study to S9133 (Phase III 

Randomized Intergroup Trial of Subtotal Lymphoid irradiation Versus Doxorubicin, 

Vinblastine, and Subtotal Lymphoid Irradiation for Stage IA to IIA Hodgkin's Disease) [9]. 

We found that patients with early-stage disease had less vitality than the general population 

at baseline. Mean vitality scores were 5.8 points lower for males and 5.4 points lower for 

females than for similarly aged males and females from the general cancer population, but 

these differences were not statistically significantly different [7, 8, 10]. However, at 6 

months after randomization, patients receiving the combined radiation/chemotherapy 

regimen reported statistically significantly less vitality and worse CARES-SF, symptom 

distress scale, and SF-36 health perception scores than did patients receiving radiation alone. 

STLI vitality levels were slightly lower than baseline levels at years 1 and 2 

postrandomization; year 1 CMT vitality levels were similar to baseline levels but slightly 

higher at year 2 [8].

A literature review of HL survivors addressed associated factors, severity, and prevalence of 

prior to 2012 [11]; studies used a variety of fatigue measures including the SF-36 vitality 

scale. Comparisons with normative population data indicated a wide prevalence range for 

fatigue in patients with HL (11–76 %) versus the general population (10 %). The authors 

reported that higher levels of fatigue were reported by older patients in four of seven studies. 

Daniëls et al. [12] conducted a study of chronic fatigue in 180 HL survivors with a mean 

time of 4.6 years from diagnosis. These data indicated significant differences in fatigue level 

for HL survivors versus the normal population sample. In addition, the authors found an 

association between higher levels of fatigue and the presence of anxiety and depression. 

Heutte et al. reported results of two studies indicating the high prevalence of fatigue and its 

impact on activities of daily living; however, the authors also noted the more general effects 

of fatigue on QOL such as emotional and social functioning [13]. Although it is not clear 

what the cause of long-term fatigue might be, and what the underlying and contributing 

factors are, it is important to continue to monitor this important symptom with prospective, 

longitudinal studies [13, 14]. In this manuscript, we report fatigue results for 7 years of 

follow-up in a prospective randomized clinical trial comparing two different treatment 

strategies for early-stage HL. Data indicating long-term fatigue effects support the 

examination of the SWOG 5-year (primary longitudinal comparison) and 6/7-year 

(exploratory comparison) analyses provided in this manuscript.

Materials and methods

Study design

SWOG 9133 randomized patients with clinically staged stage IA, IEA, IIA, and IIEA HL. 

The trial excluded patients with unfavorable status (e.g., those with “B” symptoms). Patients 

with a SWOG/Zubrod performance status of 0 to 2 were eligible [9]. The two treatment arms 

were subtotal lymphoid irradiation (STLI) and combined-modality therapy (CMT) 

(chemotherapy plus radiation). Treatment regimens are described in more detail in Press et 

al. [9]. The companion QOL study, SWOG 9208, opened 19 months after the therapeutic 

trial was activated. Eligibility criteria for the QOL companion study in addition to criteria 
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required for the therapeutic trial included that patients give informed consent, completed 

QOL forms in English, and provided the baseline QOL form at the time of trial registration. 

The human subjects' mechanism at each institution approved both SWOG 9133 and SWOG 

9208. This report addresses vitality results from baseline to the last follow-up assessment at 

7 years.

QOL assessment

Fatigue was assessed with the SF-36 vitality scale score [15–17], the dependent variable in 

this analysis; vitality was measured at baseline (prior to randomization), 6 months, and 

annually through 7 years. [7] The SF-36 vitality scale contains four items; each item has six 

response options (ranging from “all of the time” to “none of the time”). Results for all SF-36 

scales are reported on a 0–100 scale, with higher scores reflecting better status (in this case, 

more vitality). Evaluable patients were required to be trial eligible and to have had a baseline 

vitality score.

Deng et al. [18] supported the unidimensionality of a vitality construct as measured by the 

SF-36 vitality scale. Bifactor [19] along with other model approaches were used to evaluate 

unidimensionality with an item bank composed of items from a number of vitality and 

fatigue measures. Of interest was the determination of whether a measure was essentially 

unidimensional defined when a general factor explained the majority of item variance; group 

factors were allowed [19]. Although Deng et al. [18] noted the need for additional research, 

they recommended that vitality (energy/fatigue) could be treated as unidimensional.

We included baseline levels of the following variables in the current longitudinal models: the 

physical score from the Cancer Rehabilitation Evaluation System-Short Form (CARES-SF) 

[20]; the symptom distress scale total score [21, 22]; the single-item health perception 

measure from the SF-36 [23]; and SWOG/Zubrod performance status [24].

Analytic plan

Submission rates were calculated based on the number of patients alive and on study long 

enough to reach each assessment time. T tests were used to identify potential differences in 

observed vitality scores at each assessment time by treatment group and sex.

Linear mixed models were used to analyze the effect of the treatment intervention on energy/

vitality over time [25]. This approach accounts for correlation between observations with-in 

each patient. Each model included main effects for intervention assignment (CMT vs. STLI) 

and time. In addition, given that both the intercept and slope may be a function of the 

baseline vitality score, this score was included in the regression as a covariate. Including 

baseline vitality scores in the model is also supported by our prior observation that the 

baseline vitality scores for these patients were worse than levels reported by males and 

females of similar age from the general population [7, 8, 10]. This finding suggested an 

effect of disease on fatigue [7, 8]. The interaction between intervention and time was tested, 

as was a potential quadratic relationship of intervention over time. Interaction term and 

quadratic terms were assessed for model inclusion by comparing the log-likelihood 

differential between nested models, which is distributed chi-square with degrees of freedom 
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equal to the difference in the number of variables between models. The clustering variable 

was patient, treated as a random effect.

Linear mixed models will give unbiased estimates if missing data are missing at random 

(MAR). Sensitivity to the MAR assumption was examined by using pattern mixture models 

as an alternative analytic approach. Pattern mixture models condition on the type of 

missingness pattern through covariate adjustment in the regression model and thereby allows 

modeling under not missing at random (NMAR) [26]. Fixed and random effects were 

included as noted above for the mixed model approach, along with a binary indicator 

variable as a covariate representing differential dropout patterns for patients with dropout at 

≤3 years after registration vs. dropout >3 years after registration. The 3-year cut point was 

based on observed patterns. Both the main effect of the dropout pattern and its interaction 

with each of the fixed effects was included in the model.

Interpretation of model results

In the analysis of vitality, CMT treatment was coded as a 1, and STLI treatment was coded 

as a 0; time was coded as a continuous variable in years. The nature of the best fitting 

models is described as follows.

& Linear model with no interaction: Where there is no interaction and a simple 

linear model represents the best model fit, the fitted models will be represented 

by parallel straight lines for the treatment arms, indicating a relationship 

between treatment and vitality that is constant over time. A positive coefficient 

would indicate that STLI treatment generated higher vitality scores than CMT 

did and a negative coefficient would indicate that CMT treatment generated 

higher vitality scores than STLI did. In addition, a positive coefficient for time 

would indicate increasing vitality scores for both arms as time increases, and a 

negative coefficient for time would indicate decreasing vitality scores as time 

increases.

& Linear interaction model: Models with a statistically significant linear 

interaction term would indicate that the treatment effect for STLI vs. CMT was 

linear but varied over time, and the fitted regression lines would be nonparallel.

& Quadratic model with no interaction: If the relationship between vitality scores 

and time follows a quadratic relationship, then the fitted model will be 

represented by curved lines. If there is no interaction of treatment and 

(quadratic) time, the curved lines will be parallel to each other.

& Quadratic interaction model: If the relationship between vitality scores and time 

is quadratic and there is an interaction with treatment, then the curved fitted 

model regression lines representing the change in vitality scores over time would 

differ (i.e., be non-parallel) by STLI vs. CMT treatment.

Of note, in instances where there are significant interactions, the coefficients for treatment 

and time cannot be interpreted independently but must be considered in combination with 

the coefficients for the interaction terms. The prespecified primary assessment time point 

was at 5 years after randomization; however, models were also included using the entire 7 
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years of available follow-up data. Although the model-based analysis represents the 

definitive analysis, observed values are provided in the figures for illustration and 

comparison.

QOL follow-up assessment data were collected through May, 2010. All analyses were 

conducted in SAS®. The SAS® procedure “proc mixed” was used to conduct linear mixed 

models and pattern mixture models [27].

Results

Evaluable patients, response rates, and baseline characteristics

There were a total of N = 120 evaluable patients with QOL forms randomized to the CMT 

arm and N = 119 evaluable patients randomized to the STLI arm. Response rates for 

submission of the form containing the vitality scale items across both arms combined was 

100 % at randomization (as required for study enrollment) and 82 % at 6 months; annual 

submission rates were 80 % (year 1), 69 % (year 2), 66 % (year 3), 61 % (year 4), 59 % 

(year 5), 51 % (year 6), and 46 % (year 7) (Online Resource 1). Sample sizes and response 

rates by arm are shown in Figure 1. Overall, the most common reasons for non-submission 

of forms at follow-up were patient refusal (45 %) and institution error (25 %) (Online 

Resource 1).

Baseline characteristics are shown by intervention in Table 1. The proportion with 

performance status equal to one was higher on the CMT arm (9 vs. 4 %, p = .0001). There 

were no statistically significant differences by arm in the female proportion or in the mean 

baseline vitality, CARES-physical, or SDS scores. Other factors were well-balanced as 

shown in Table 1.

Observed vitality scale scores

Table 2 shows observed vitality scale scores by intervention assignment and by sex over 7 

years. By arm, observed mean vitality scale scores generally ranged between 50 and 60 

across the entire range of follow-up with the exception of the 6-month assessment for CMT 

patients, where the mean vitality scale score was 33.4 and was much lower than the score for 

STLI patients (50.5; p < .0001).

Observed mean vitality scale scores by sex are also shown in Table 2 with results combined 

over treatment. Mean baseline vitality scale scores were somewhat higher for males and 

remained higher than scores for females through year 1. However, beyond year 1, no 

consistent pattern in vitality scores by sex was evident.

Linear mixed model results

Table 3 shows fitted model results according to four different models, distinguished by final 

assessment times (5 vs. 7 years) and the initial assessment time point included in the model 

(6 months vs. 1 year). The fitted results are plotted by treatment and time in Fig. 1 for 

models 1–4, along with the observed mean scale scores for vitality.
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Model 1 includes follow-up from 6 months thru 5 years, emphasizing follow-up assessment 

times with response rates ranging from 100 % at baseline (both arms) to 62 % (CMT) and 

56 % (STLI) at 5 years. Figure 1 shows how, at 6 months after registration, the observed 

mean scaled score for vitality on the CMT arm is much lower than that on the STLI arm. 

Model 1, in attempting to fit the 6-month assessment along with the other follow-up 

assessments, generates a statistically significant quadratic interaction term. The model fit 

suggests that estimates of vitality for CMT patients start out low but eventually plateau at a 

mean scaled vitality score of approximately 62, then drop off slightly by year 5. On the other 

hand, according to this model, estimates for vitality on the STLI arm start out higher than for 

patients on the CMT arm, increase only gradually over time, but by year 2 and beyond are 

somewhat lower than the modeled estimates on the CMT arm.

To assess the extent to which the inclusion of 6-month scores influenced the results, a 

secondary sensitivity analysis (Model 2) excluded the 6-month vitality scores and thus 

assessed the relative behavior of vitality scores over time beginning 1 year after study 

registration. The exclusion of the observed 6 month vitality scores resulted in a model fit 

with no statistically significant quadratic effects. Also, there was no evidence of a linear 

interaction of intervention and time. Therefore, the model fit is indicated by two parallel 

lines. As noted in Table 3, there was no evidence of a treatment effect (p = .13). Observed 

estimates of vitality scores for years 1 through 5 ranged from 55 to approximately 61.

Additionally, we analyzed data through the full 7 years of follow-up. Results are shown as 

models 3 and 4 in Table 3 and Fig. 1. Modeled patterns of vitality over time were generally 

similar: for the 6-month through 7-year data (Model 3), the strength of the quadratic 

interaction of treatment and time was similarly strong (p < .0001); for 1-year through 7-year 

data (Model 4), there was no evidence of a treatment by time interaction, and the strength of 

the treatment effect was very similar to data through 5 years (p = .16). The 7-year data also 

indicate a statistically significant increase in the vitality total score for both arms over time 

(p = .03).

Pattern mixture model results

We used cohort plots to assess whether patterns of vitality differed according to dropout 

time. Results indicated that patients with dropout at year 3 or earlier tended to report 

declining vitality scale scores prior to dropout, whereas patients with dropout at 4 years or 

later did not show this pattern prior to dropout. We constructed an indicator variable 

indicating time of dropout and included it as a covariate in the model. Results were 

consistent with results from the linear mixed models, with strong evidence of a treatment by 

quadratic time interaction for data from 6 months through 5 years (p < .0001). There was no 

evidence of an interaction or main effect of treatment for data from 1 year through 5 years (p 

= .18). There was repeated strong evidence of a treatment by quadratic time interaction for 

data from 6 months through 7 y ears (p < .0001), and there was no evidence of an interaction 

or main effect of treatment for data from 1 year through 7 years (p = .19) (Data not shown.)
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Recurrence as time-dependent covariate

To each of the four linear mixed models, a time-dependent covariate representing recurrence 

was included. Recurrence was a highly significant predictor of vitality in each model and 

indicated a reduction in the vitality total score of ~8 points (Model 1, 8.7-point reduction, p 

= .006; Model 2, 8.4-point reduction, p = .01; Model 3, 7.5-point reduction, p = .006; Model 

4, 7.5-point reduction, p = .009). However, the addition of recurrence did not substantially 

impact the results of the models with respect to treatment, time, or their interactions, perhaps 

due to its infrequent occurrence in this dataset (Data not shown). Indeed only 7 % of the 

observed vitality assessments across 7 years of follow-up occurred after a recurrence. 

Consistent with our main study results showing greater recurrence for STLI patients [9], 

more observed vitality assessments occurred after a recurrence on the STLI arm than on the 

CMT arm (10 vs. 4 %, p < .0001).

Discussion

S9208 study results suggest lower levels of vitality at baseline for both study arms compared 

to population normative data for the SF-36 vitality scale. At 6 months, we observed a 

substantial negative treatment impact on vitality for patients randomized to the 

chemotherapy plus radiation (CMT) arm; patients assigned to this treatment had a mean 

vitality score at 6 months that was 17 points lower than the mean score for patients receiving 

radiation alone. However, consistent with our data reported earlier [7, 8] for treatment arm 

comparisons at 1 and 2 years postrandomization, there was no treatment arm effect on 

vitality over 5 or 7 years of follow-up. Also, although recurrence was a statistically 

significant predictor of energy/vitality in both the 5- and 7-year models, adjustment for 

recurrence did not substantively change the results by treatment arm. Our longitudinal 

findings are strengthened by the similar results obtained with pattern mixture models; we 

added these analyses to examine the sensitivity of the results to missing data over this long 

follow-up period of 7 years.

A limitation of this report is the length of time from the start of the study in 1992 to the 

publication of these fatigue results. The treatment of early-stage HL has evolved 

considerably during this period [28–31], but there is still disagreement about the nature of 

these changes. For example, Radford et al. [31] favor a PET/CT-guided approach that 

eliminates radiotherapy from the regimen for the majority of patients with early-stage HL, 

whereas Raemaekers et al. [30] favor a combined modality approach including radiotherapy 

for this patient group. None of the four recent studies included QOL measures. Our data, 

given the 7 years of follow-up, are useful for gaining a better sense of the chronicity of 

disease- and treatment-related symptoms such as fatigue. As noted in the “Materials and 

methods” section, these data were not fully collected until 2010. This is the challenge of 

doing survivorship research, particularly when trying to provide patients with information 

about long-term effects of their disease and its various treatments.

Given the good performance status of the study population, we designed the study to 

evaluate the persistence of treatment effects on patients who were expected to become long-

term survivors and therefore chose to follow patients for 7 years. Although baseline mean 

vitality scores for patients in both treatment arms were lower than those of the general 

Moinpour et al. Page 8

J Cancer Surviv. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



population [], we found continued recovery of patient vitality across the 7 years of 

observation. Also, although there was a substantial effect of CMT on fatigue at 6 months, 

beginning at year 1, there was no evidence of a treatment effect on fatigue. Our 7-year data 

suggest that for good performance level, in patients treated with these two regimens, fatigue 

is not the long-term problem, and we speculated it might be after examining the first 2 years 

of follow-up in an earlier publication. [7, 8]

Conclusion

The important survivorship question in this study pertained to whether the short-term 

worsening of QOL associated with CMT would be offset by a lower recurrence rate and 

longer disease-free survival in that group, without sacrificing long-term functioning as 

represented here by vitality. The earlier published treatment outcomes from S9133 supported 

improved survival for the CMT arm, and the QOL companion study (S9208) results indicate 

that this occurred without sustained impairment in vitality over 7 years of observation. 

Fatigue is one of the most enduring and bothersome posttreatment sequelae in cancer 

survivors and was a major anticipated concern in Hodgkin's disease survivors [6, 13]. Based 

on the findings from this study, in early-stage, low-risk HL, patients who received CMT did 

not sacrifice QOL for improved survival outcomes. However, patients with recurrent disease 

(only 7 % of the vitality sample) were observed to have decrements in vitality most likely as 

a result of later treatment for recurrence; these decrements occurred significantly less 

frequently in the CMT treatment arm.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Fitted and observed mean energy/vitality scale scores by treatment over time. The upper left 

panel (Model 1) shows the results for vitality data from 6 months through 5 years, indicating 

a statistically significant quadratic treatment by time interaction (p = .0007). The upper right 

panel (Model 2) shows the results for vitality data from 1 year through 5 years. With the 6-

month scores excluded, there was no evidence of a quadratic or linear treatment by time 

interaction, and there was no treatment effect over time (p = .13). The lower left panel 

(Model 3) shows the results for vitality data from 6 months through all 7 years of follow-up. 

Similar to the 6-month through 5-year data (Model 1), Model 3 showed a statistically 

significant quadratic treatment by time interaction (p < .0001). The lower right panel (Model 

4) shows the results for vitality data from 1 year through 7 years. Similar to the 1-year 

through 5-year data (Model 2), with the 6-months scores excluded, there was no evidence of 

a quadratic or linear treatment by time interaction, and there was no treatment effect over 

time (p = .16)
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Table 1

Baseline characteristics by treatment arm

CMT (n = 120) STLI (n = 119) P value

Sex .94

 Female 43 % 42 %

 Male 57 % 58 %

Mean age (range) 35.1 (17–71) 35.5 (18–85) .78

Performance status .34

 0 91 % 94 %

 1 9 % 6 %

 2 0 % 0 %

Involved lymph node sites .85

 0–1 33 % 34 %

 ≥2 66 % 66 %

Histology .97

 NS/LP 81 % 81 %

 Other 19 % 19 %

High neck presentation .62

 Yes 77 % 74 %

 No 23 % 26 %

Type of disease .62

 NED 9 % 8 %

 Bidimensionally measurable 83 % 82 %

 Assessable 8 % 11 %

Lymphangiogram performed .31

 Yes 17 % 22 %

 No 83 % 78 %

Mean vitality total score 55.0 59.5 .13

Mean CARES physical score 0.54 0.52 .74

Mean SDS total score 20.5 19.8 .27

CMT combined-modality treatment, STLI subtotal lymphoid irradiation, NS nodular sclerosis, LP lymphocyte predominant, NED no evidence of 
disease, CARES Cancer Rehabilitation Evaluation System-Short Form, SDS symptom distress scale
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Table 2

Mean energy/vitality scale scores over time

Mean energy/vitality scale score by intervention

CMT (N = 120) STLI (N = 119)

Assessment time N Mean Observed (SD) Fitted
a N Mean Observed (SD) Fitted

a
p value

b

Baseline 120 55.0 (22.5) 119 59.5 (22.8) .13

6 months 97 33.4 (20.2) 42.4 98 50.5 (22.3) 51.6 <.0001

1 year 96 54.9 (21.2) 47.2 95 55.2 (24.8) 62.5 .94

2 years 80 57.2 (21.8) 54.8 86 56.4 (23.3) 54.0 .82

3 years 77 57.9 (23.8) 60.0 80 55.9 (25.2) 55.3 .61

4 years 67 59.6 (22.6) 62.8 78 59.7 (23.5) 56.2 .99

5 years 74 61.3 (21.3) 63.2 67 57.2 (25.0) 56.8 .30

6 years 59 58.2 (23.0) 61.2 62 60.6 (20.1) 57.2 .55

7 years 57 59.2 (20.3) 56.8 52 59.0 (23.6) 57.2 .97

CMT combined modality treatment, STLI subtotal lymphoid irradiation

a
Fitted scores from model including a quadratic interaction term (Model 3) through year 7 are shown in columns 4 and 7

b
Reflects comparison of observed scores
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