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Abstract 

Background:  A predictive model for early-stage classic Hodgkin lymphoma (cHL) does not 

exist. Leveraging patient-level data from large clinical trials and registries, we developed and 

validated the Early-stage cHL International Prognostication Index (E-HIPI) to predict 2-year 

progression-free survival (PFS). 

Methods: The model was developed using Transparent Reporting of a multivariable prediction 

model for Individual Prognosis Or Diagnosis (TRIPOD) guidelines in 3000 adults with newly-

diagnosed early-stage cHL from four international phase III clinical trials conducted from 1994-

2011. External validation was performed in two cohorts, totaling 2360 treated patients from five 

international cHL registries (1996-2019). Two-year PFS was estimated with a Cox model with 

pre-treatment variables selected using backwards elimination. Internal validation corrected for 

overfitting. External validation assessed discrimination and calibration. The final model was also 

compared against EORTC favorable/unfavorable status. 

Results: Median age in the development cohort was 31.2 years; 77.4% had stage II disease. 

The estimated 2-year PFS was 93.7%. Final variables retained in the model were sex and 

continuous values of maximum tumor diameter (MTD), hemoglobin, and albumin. The optimism-

corrected C-statistic in the development cohort was 0.63 (95%CI, 0.60-0.69). Two-year PFS 

was lower in validation cohorts 1 (90.3%) and 2 (91.6%). In validation cohort 1, the C-statistic 

was 0.63, the calibration slope was near 1, but overall calibration indicated underprediction, 

which improved by updating the intercept. Performance was similar in validation cohort 2. In 

addition, higher-risk E-HIPI scores were associated with worse outcomes within both the 

EORTC unfavorable and favorable subgroups. When included altogether in one Cox model, the 

E-HIPI was associated with PFS, while EORTC favorable/unfavorable status was not. Online 

risk calculators were developed (https://rtools.mayo.edu/holistic_ehipi/). 

https://rtools.mayo.edu/holistic_ehipi/
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Conclusions: Utilizing objective, continuous, and readily available variables, we developed and 

validated a new prediction model for early-stage cHL. Male sex, lower hemoglobin or albumin, 

and higher MTD were associated with worse PFS.   
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INTRODUCTION 

Classic Hodgkin lymphoma (cHL) predominantly occurs in younger adults, often 

presenting at early-stage, and generally associated with excellent outcomes.1 However, there 

is no global consensus regarding the optimal treatment approach beyond use of multi-agent 

chemotherapy with or without radiotherapy. Unlike in advanced-stage cHL,2,3 a unified 

prognostic index or clinical prediction model for patient outcomes does not exist in early-stage 

cHL. Given the excellent survival outcomes, an early-stage cHL prediction model could identify 

patients at different risks of progression or relapse and potentially guide treatment selection.   

Early-stage cHL has been classified into favorable and unfavorable subgroups based on 

the absence or presence of prognostic factors (e.g., large mediastinal mass, number of nodal 

groups, B symptoms, etc) for the past 40-50 years. The European Organization for Research 

and Treatment of Cancer (EORTC) prognostication data stem from historical clinical trials of 

patients treated from 1964 to 1982 when staging laparotomy and treatment with mantle field 

radiation alone were frequently used.4 Also, the factors used in this classification are 

dichotomized, subjective, or difficult to measure; and they have not been calibrated for accuracy 

of absolute risk estimates. Furthermore, classification schemes vary across the world and 

include different factors or criteria (i.e., German Hodgkin Lymphoma Study Group (GHSG), the 

EORTC, and the Canadian Cancer Trials Group (CCTG, formerly National Cancer Institute of 

Canada).5 

The HoLISTIC (Hodgkin Lymphoma International Study for Individual Care) 

consortium consists of detailed individual patient data obtained from seminal, phase III, 

international cHL clinical trials and international cHL registries that have been harmonized 

using a common data model with detailed data dictionary.6 Harnessing this rich multi-source 

data and employing modern methods, we developed and validated a clinical prediction model, 

known as the Early-stage cHL International Prognostication Index (E-HIPI), including 
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continuous forms of objective variables to predict 2-year progression-free survival (PFS).     

METHODS   

Data sources and study population 

We obtained individual patient data through formal data-sharing agreements with 

international cHL clinical trial groups and cHL registries. Once the data were harmonized, the 

model was developed on 3000 patients with newly diagnosed cHL treated on four international 

early-stage phase III clinical trials conducted from 1994-2011 (Table S1).7-11 External validation 

was initially performed on 1488 patients with early-stage cHL treated with curative intent using 

multi-agent chemotherapy (e.g., doxorubicin/Adriamycin, bleomycin, vinblastine, and 

dacarbazine [ABVD]; bleomycin, etoposide, doxorubicin/Adriamycin, cyclophosphamide, 

vincristine/Oncovin, procarbazine, prednisone [BEACOPP]; , Stanford V, etc) from four major 

cancer registries (BC Cancer, Princess Margaret Cancer Centre, Iowa/Mayo SPORE, Stanford 

Registry) from 1996-2019 (“validation cohort 1”) (Table S2).12-15 As a sensitivity analysis, a 

second external validation was performed on 872 early-stage cHL patients from the Danish 

National Lymphoma Registry from 1996-2019 (“validation cohort 2”) (Table S2).16  

Development and validation cohorts were restricted to patients aged 18-65 years with 

stages I or II supra-diaphragmatic disease as this constituted the majority of patients enrolled in 

the early-stage cHL clinical trials. To reflect contemporary treatment approaches, patients who 

received only radiotherapy without multi-agent chemotherapy were excluded. The validation 

cohorts excluded registry patients who were enrolled on trials utilized in the model development.  

Outcome  

The primary outcome was 2-year PFS. Two years was chosen because most relapses 

occur within this timeframe in early-stage cHL 7,9,10,17 Time was defined as days from registration 

(clinical trials) or pathologic diagnosis (registries) to the event; censoring occurred if patients 
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were lost to follow-up or at two years. PFS events were defined as progression, relapse, or 

death from any cause. We used the adjudication of primary outcomes from the original data 

source.  

Candidate Predictors 

We considered the following baseline predictors based on clinical relevance and 

availability from the clinical trials data: age, sex, stage (I, II), histology (lymphocyte depleted, 

lymphocyte rich, mixed cellularity, nodular sclerosis, not otherwise specified (biopsy too limited 

to define cHL subtype), maximum tumor diameter (MTD), nodal groups, white blood cell (WBC) 

count, absolute lymphocyte count (ALC), hemoglobin, albumin, and erythrocyte sedimentation 

rate (ESR). Nodal groups were defined by EORTC criteria;17 the primary analysis treated count 

of nodal groups as a continuous variable, but we also explored it as a categorical or binary 

variable.  

Laboratory values were standardized using their mean and standard deviation. B 

symptoms were not included as a candidate predictor because of concerns about reliability and 

reproducibility; however, as a sensitivity analysis, we added B symptoms and re-evaluated 

model performance. We excluded patients with missing data on >50% of the candidate 

predictors. Multiple imputation was performed to address missing data on candidate predictors18 

(Table S3). Linearity of continuous variables was assessed based on partial residual plots and 

fitting-penalized smoothing splines.   

Statistical analysis 

We followed the TRIPOD reporting guidelines19 (Table S5). The purpose of our model 

was to predict patient prognosis based on 2-year PFS using a Cox proportional hazards (PH) 

model. Discrimination and calibration were used to assess model performance in the 

development and validation cohorts. Discrimination was assessed using Harrell’s C-statistic.20,21 
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Calibration was assessed by comparing observed and predicted probabilities of 2-year PFS 

within quintiles of predicted probabilities and estimating overall calibration (predicted minus 

observed) and calibration slopes.  

First, variables were selected from the development cohort using backward elimination 

(p<0.1). Second, we performed internal validation to obtain a shrinkage factor for the final model 

coefficients to decrease the risk of overfitting and correct the development C-statistic for 

optimism. Third, as part of internal-external validation, we performed cross-validation using each 

trial in the development cohort to refit the model and assess the C-statistic within the included 

and omitted trials. Finally, the baseline hazard for the “average patient” and the final model 

coefficients (after applying the shrinkage factor) were applied to patients in the external 

validation cohorts. Discrimination and calibration were evaluated in validation cohort 1. Due to 

lower 2-year PFS in validation cohort 1 and the resulting underestimation of PFS events, we 

performed a sensitivity analysis updating the model intercept using validation cohort 1 and 

assessed performance in both validation cohorts 1 and 2. Additional methods for model 

development and validation, comparison of the E-HIPI with EORTC favorable/unfavorable 

status, and sensitivity analyses (e.g., stratified baseline hazards by key subgroups, model 

building restricted to those without bulky disease) are in the Supplemental Methods (pages 4-

6). 

RESULTS 

Patient characteristics 

See Table 1 for detailed patient and disease characteristics for the development and 

validation cohorts, including comment on the representativeness of the patient sample and the 

generalizability findings. Consort flow diagrams for the development and validation cohort 

eligibility are detailed in Figure S1.  The median follow-up in the development cohort was 60 
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months (Q1=45, Q3=75), and by 2 years, 38 patients had died from any cause and 185 had 

experienced progression, relapse, or death. 

E-HIPI development  

The Kaplan-Meier (KM) estimator for 2-year PFS was 93.7% (95% CI: 92.9, 94.6). 

Univariable associations between candidate predictors and 2-year PFS are reported in Table 

S4, Figure 1, and Figures S2-S5. No continuous variables violated the linearity assumption 

(Figure 1, Figures S6-S10). The following predictors were eliminated from the model: stage, 

histology, count of nodal groups (continuous, categorical, or binary), and continuous values of 

age, WBC count, lymphocyte count, and ESR. The inclusion of B symptoms did not improve 

model performance in sensitivity analysis (Supplemental Results, page 7).  

Sex, MTD, albumin, and hemoglobin were retained in the model (Table 2). Female sex 

and both higher hemoglobin and albumin were predictive of better PFS, while higher MTD was 

predictive of worse PFS. Continuous, categorical and binary versions of count of nodal groups 

were not retained in the model (Table S4, Figure S7). See Figure S11 for the distribution of 

predicted risk in the development cohort. The C-statistic in the development cohort was 0.650 

(95% CI: 0.607, 0.690), with an optimism-corrected value of 0.629 (95% CI: 0.602, 0.689).  

Based on internal-external validation, C-statistics in the included trials ranged from 0.618 to 

0.657 and C-statistics in the omitted trial ranged from 0.484 to 0.703 (Table S6).  

Stratified baseline hazards for the trials in the development cohort were similar (0.932 to 

0.953); as were those stratified by presence of bulky disease (no bulk=0.942, bulk=0.955) 

(Table S7). When model building was repeated in the development cohort restricted to those 

without bulky disease, sex, MTD and hemoglobin were retained (Table S8).  

External validation  
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Baseline characteristics and outcomes of validation cohort 1 were similar to the 

development cohort except for more stage II disease, more NOS histology, longer follow-up 

(median 108 months, Q1=64, Q3=165), and lower 2-year PFS (90.3%, 95% CI: 88.8%, 91.8%) 

(Table 1). The C-statistic for the E-HIPI model was 0.626 (95% CI: 0.583, 0.669) in validation 

cohort 1. The predicted PFS event distribution and the observed outcomes stratified by tertile of 

predicted risk in validation cohort 1 are shown in Figure 2. The calibration plot in the validation 

cohort 1 is shown in Figure 3A. Overall calibration was -3.6% and the calibration slope was 

0.96 (95% CI: 0.59, 1.33). After updating the E-HIPI intercept in validation cohort 1 to account 

for underprediction of events, the overall calibration improved to -0.1% and the plots showed 

better calibration (Figure 3B).  

Baseline characteristics and outcomes of validation cohort 2 were similar to the 

development cohort except for fewer females, more mixed cellularity histology and less NOS 

pathology, smaller MTD, longer follow-up (median 150 months, Q1=95, Q3=215), and slightly 

lower 2-year PFS (91.6%, 95% CI: 89.9%, 93.5%) (Table 1). When applying the E-HIPI with the 

updated intercept to validation cohort 2, the C-statistic was 0.593 (95% CI: 0.526, 0.659). 

Overall calibration was 0.6% and the calibration slope was 0.75 (95% CI: 0.19, 1.30) in 

validation cohort 2 (Figure S12). 

Comparison of E-HIPI with EORTC favorable/unfavorable status in development cohort 

Higher risk E-HIPI scores were associated with worse outcomes when considered within 

either the EORTC favorable (HR=1.34, 95% CI: 1.14, 1.57) or unfavorable (HR=1.13, 95% CI: 

1.08, 1.19) subgroups.  Additionally, the inclusion of favorable/unfavorable status did not 

improve the performance of the E-HIPI in the development cohort; when the E-HIPI and EORTC 

status were included together in a Cox PH model, the E-HIPI was associated with 2-year PFS 

(HR=1.15, 95% CI: 1.10-1.20), while EORTC favorable/unfavorable status was not (HR=1.18, 

95% CI: 0.83, 1.96) (Table S8).   
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Online Risk Calculator 

An interactive online tool for the E-HIPI that generates 2-year PFS in an individualized 

“risk calculator” as well as dynamic applications for “risk comparison” and “risk stratification” 

across user-defined cut-points can be found at https://rtools.mayo.edu/holistic_ehipi/. 

DISCUSSION 

The E-HIPI, as developed and validated on nearly 5,400 patients, provides a novel 

clinical prediction model for early-stage cHL. Following rigorous TRIPOD recommendations,19 

we identified four objective prognostic factors determined at the time of diagnosis, i.e., sex 

(male/female), with MTD, albumin, and hemoglobin considered as continuous variables. This 

resulted in a clinically meaningful prediction model across a diverse cohort of patients with 

early-stage cHL treated with modern multiagent chemotherapy regimens with or without 

radiation. Notably, the E-HIPI included patients from multiple countries and continents, further 

supporting its worldwide utility for clinical prognosis and the design of prospective clinical trials. 

The original EORTC early-stage prognostication analyses were done in the early 1970s 

when staging laparotomy was still commonly performed for patient staging,22,23 and the majority 

of patients from the original multivariable prognostic classification were treated with mantle field 

radiation alone without chemotherapy.4  Additionally, there are varying early-stage classification 

schemes (e.g., GHSG, EORTC, CCTG) that characterize “favorable” or “unfavorable” disease 

that use different clinical factors and criteria that can cause confusion amongst clinicians and 

patients.5  In 2013, the GHSG analyzed the different early-stage cHL classification schemes and 

found that age was not a significant factor, extranodal disease and ESR had borderline 

significance, while bulk mediastinal mass and number of node sites were prominent factors.24 

Furthermore, there was low specificity with high rates of false-positive results in all classification 

schemes (1-specificity of 53-55%). 

https://rtools.mayo.edu/holistic_ehipi/
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In addition, the clinical factors used in current classification schemes are either 

subjective, e.g., B symptoms, or inconsistently measured, e.g., count of nodal groups, and all 

factors are dichotomized in these models. Dichotomization of variables is discouraged in 

prognostic models as it diminishes statistical power and may conceal clinically meaningful non-

linear associations.25 Indeed, we found that EORTC favorable/unfavorable status was not 

prognostic once the E-HIPI was known, and that the E-HIPI was prognostic within both 

favorable and unfavorable subgroups. Given concerns about reliability and reproducibility of B 

symptoms, we chose not to include it as a candidate predictor in the E-HIPI; sensitivity analysis 

found its inclusion did not improve model performance. Although the count of nodal groups was 

considered as an E-HIPI candidate predictor, it was not associated with PFS whether analyzed 

as a continuous, categorical, or binary variable.   

 Sex, MTD, albumin, and hemoglobin emerged as important pre-treatment factors for 

predicting 2-year PFS in the E-HIPI. While sex has not emerged on previous analyses for early-

stage cHL, male sex is a prominent adverse factor in advanced-stage cHL, as reported from the 

International Prognostic Score and the more recent and robust Advanced-Stage Hodgkin 

Lymphoma International Prognostic Index (A-HIPI).2,3 The causality of this association is 

unclear. In a prior GHSG analysis, female patients with cHL had more prominent leukopenia 

during treatment versus males, which was associated with improved freedom from treatment 

failure.26 Other sex-dependent genomic or single nucleotide polymorphisms may be contributing 

factors.   

Presence of bulky disease has been considered a poor prognostic factor in early-stage 

cHL for decades.27-29 The importance of bulky disease has been maintained when including 

either computerized tomography or positron emission tomography (PET) imaging, using 

varying cut-points (e.g., 7-10cm). Unlike prior dichotomization of bulky disease as a risk factor, 

the E-HIPI includes continuous MTD, which revealed a striking linear association of worsening 
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prognosis with each 1-centimeter increase. The prognostic impact of MTD in early-stage cHL 

was described in the UK RAPID trial30 and subsequently validated in data from the RAPID and 

the EORTC/LYSA H10 trials.31 These analyses, as well as the E-HIPI development, 

demonstrate that each centimeter of bulk is critical. In a sensitivity analysis, we found that 

continuous MTD was still highly predictive even among those without bulky disease, i.e., 

patients with a maximum lesion diameter of less than 10cm. There is considerable interest in 

the prognostic power of PET-derived metabolic tumor volume (MTV).31 Studies comparing the 

predictive performance of MTV and MTD are needed. The latter has the advantage of simplicity 

and applicability to geographic regions where PET facilities are less accessible.   

The other two factors in the E-HIPI were albumin and hemoglobin. These also were 

associated with outcomes in advanced-stage cHL models.2,3 However, they have not been 

studied in patients with early-stage disease. Despite having radiographic evidence of early-

stage cHL, the presence of anemia or hypoalbuminemia may reflect underlying cytokine-

mediated inflammation, which also induces changes in the tumor microenvironment.32,33 

Additionally, these laboratory changes may be a marker of coexistent patient comorbidities 

affecting tolerance to therapy. 

Limitations of these analyses are the E-HIPI’s modest performance represented by 

discrimination and calibration. However, the E-HIPI outperformed existing favorable/unfavorable 

classification. Given the low event rate in early-stage cHL, it may be difficult to identify patients 

at risk for worse outcomes. In addition, as evidenced by low discrimination in internal-external 

validation in the HD6 trial (despite similar baseline hazards across trials), small studies with few 

events are more susceptible to random variation. Our goal was to develop the model in an 

idealized setting (i.e., clinical trial patients) and then to subsequently assess model performance 

in an external “real-world” validation dataset as part of one analysis (i.e., group/country 

registries), which could be efficiently accomplished as part of the global HoLISTIC Consortium.  
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The higher event rates among patients from the real-world registries compared to those 

in clinical trials used in model development required updating the model intercept (not the 

coefficients) to improve calibration. The purpose of updating the intercept was to show that the 

model could be updated for a given setting, not to provide a new intercept for use in all other 

settings. For applications in settings with different event rates than our development cohort, the 

model may require updating to improve calibration. We excluded patients aged >65 years 

because of the paucity of older adults treated in the clinical trials utilized for development. For 

the previously published A-HIPI model, it was compared with advanced machine learning-based 

prognostic models.34 However, both models were shown to have similar statistical strength. 

Nonetheless, we speculate that future analyses that incorporate machine learning methodology 

with the E-HIPI model could enhance its predictive ability. 

As should be standard practice in predictive modeling, we did not consider post-baseline 

factors such as treatments received or imaging results. However, the HoLISTIC consortium 

dataset and associated models have been built to allow for the incorporation of new studies and 

baseline data as they emerge, which will allow for re-calibration of models over time.  

In conclusion, harnessing a large, multi-source, international database of recent clinical 

trials and cancer registries, we developed and validated a clinical prediction model using data 

from 1994-2019, the E-HIPI, for adult patients under age ages 65 years with early-stage cHL. 

We identified novel linear relationships of lower hemoglobin and albumin and higher MTD with 

worse PFS and established male sex as an adverse risk factor. Crucially, each of these 

variables is objective and easily measurable, meaning the E-HIPI is reproducible and applicable 

in most healthcare settings. To enhance the use of the E-HIPI, we also developed an interactive 

online calculator to assist clinicians and patients in estimating individualized prognosis and risk 

comparisons.  
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Table 1.  Baseline characteristics for development and validation cohorts.a, b 

 
Development 
Cohort, n=3000 

Validation 
Cohort 1, 
n=1488 

Validation 
Cohort 2, 
n=872 

Study/Registry c    

HD6 266 (8.9%) -- -- 

H9U 676 (22.5%) -- -- 

RAPID 341 (11.4%) -- -- 

H10 1717 (57.2%) -- -- 

BC Cancer -- 596 (40.1%) -- 

Iowa/Mayo -- 227 (15.3%) -- 

PMR -- 325 (21.8%) -- 

Stanford Registry -- 340 (22.8%) -- 

LYFO -- -- 872 (100.0%) 

Age (years), mean (SD) 34.4 (12.2) 34.0 (11.8) 37.5 (13.6) 

Age (years), median (Q1, Q3) 31.2 (24.2, 43.0) 31.0 (25.0, 42.0) 
35.0 (26.0, 
49.0) 

Female sex, n (%) 1526 (50.9%) 795 (53.4%) 401 (46.0%) 

Stage, n (%)    

I 678 (22.6%) 215 (14.4%) 214 (24.5%) 

II 2322 (77.4%) 1273 (85.6%) 658 (75.5%) 

B symptoms, n (%) 795 (26.5%) 404 (27.2%) 302 (34.7%) 

Stage, n (%)    

I 678 (22.6%) 215 (14.4%) 214 (24.5%) 

IIA 1651 (55.0%) 894 (60.1%) 397 (45.6%) 

IIB 671 (22.4%) 379 (25.5%) 261 (29.9%) 

Histology, n (%)    

Lymph Depleted 18 (0.6%) 1 (0.1%) 5 (0.6%) 

Lymph Rich 90 (3.0%) 50 (3.4%) 50 (5.7%) 

Mixed Cellularity 398 (13.3%) 103 (6.9%) 170 (19.5%) 

Nodular Sclerosis 2435 (81.2%) 1166 (78.4%) 549 (63.0%) 

NOS 59 (2.0%) 168 (11.3%) 98 (11.2%) 

MTD (cm), mean (SD) 6.5 (3.5) 6.5 (3.3) 5.3 (2.8) 

MTD (cm), median (Q1, Q3) 5.7 (3.5, 9.0) 6.0 (4.0, 9.0) 4.8 (3.3, 6.0) 
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Bulky disease (≥10 cm) 584 (19.5%) 325 (21.9%) 79 (9.1%) 

Count of nodal groups, median 
(Q1, Q3) 

2.0 (1.0, 3.0) 2.0 (2.0, 3.0) Not collected 

WBC count (10^3/uL), mean 
(SD) 

10.0 (4.0) 9.2 (3.8) 9.5 (3.6) 

Lymphocyte count (10^3/uL), 
mean (SD) 

1.6 (0.7) 1.5 (0.7) 1.7 (0.7) 

Hemoglobin (g/dL), mean (SD) 13.0 (1.6) 13.1 (1.6) 13.4 (1.8) 

Albumin (g/dL), mean (SD) 4.2 (0.5) 4.0 (0.5) 4.1 (0.5) 

ESR (mm/hr), mean (SD) 37.5 (29.8) 32.9 (28.8) 33.3 (31.2) 

Abbreviations: BC, British Columbia; ESR, erythrocyte sedimentation rate; LYFO, Danish National 
Lymphoma Registry; MTD, maximum tumor diameter; NOS, not otherwise specified; PMR, Princess Margaret 
cancer center Registry; Q1, quartile 1; Q3, quartile 3; SD, standard deviation; WBC, white blood cell. 

a Summary statistics after multiple imputation. See Table S3 for missingness prior to multiple 
imputation.  

b This is a heterogeneous global database and there are not full comparable population-
level data available internationally; however, the age and sex-based data herein are 
representative of the broader population affected in the United States 
(https://seer.cancer.gov/statfacts/html/hodg.html); there were not data based on race 
collected on the majority of data herein. 

c Number of patients by trial and registry refer to the subset of patients who met the eligibility 
criteria (Figure S1). 
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Table 2. Model parameters for 2-year PFS prediction model.a 

 Beta 

Coefficient b 

HR b Optimism-

Corrected Beta 

Coefficient b 

Female sex -0.529 0.59 -0.437 

MTD per 1 centimeter 0.090 1.09 0.074 

Hemoglobin per 1 SD -0.191 0.83 -0.158 

Albumin per 1 SD  -0.181 0.83 -0.149 

Abbreviations: HR, hazard ratio; MTD, maximum tumor diameter; PFS, progression-free survival; 
SD, standard deviation.  

a Variables dropped from the model are not included (i.e., age, stage (I vs. II), histology 
(lymphocyte depleted, lymphocyte rich, mixed cellularity, not otherwise specified, and nodular 
sclerosis), extranodal site, number of nodal sites/groups, white blood cell count, absolute lymphocyte 
count, and erythrocyte sedimentation rate); every variable was analyzed as a continuous, categorical 

or binary variable. For hemoglobin and albumin, the interpretation is standardized for a 1-SD 
increase.  

b Beta coefficients and HRs are from the multivariable model after backwards elimination that 
was fit in the development cohort. Optimism-corrected beta coefficients were derived using 
internal validation to obtain shrinkage factors for the beta coefficients to decrease the risk of 
overfitting. We do not provide 95% confidence intervals (CIs) for hazard ratios (HRs) because 
we used variable selection, and our goal was prediction rather than statistical inference. 

 


