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Key Points

•Maximum diameter had
a complex association
with all-cause mortality.

•MB was associated
with more favorable
disease characteristics
and improved OS.

Controversy exists regarding the definition and prognostic significance of bulk in advanced-

stage (stage III/IV) Hodgkin lymphoma (ASHL), and bulk location (mediastinum vs other

sites) further complicated the setting. This retrospective, multi-institutional study comprised

814 ASHL patients between 2000 and 2010 and aimed to evaluate the significance of bulk in

ASHL. End points of interest included progression-free survival (PFS) and overall survival

(OS). Covariates included maximum diameter and the site of bulky disease. SmoothHR and

Kaplan-Meier analyses were used to assess for an association of PFS and OS with covariates.

In the exploratory cohort (n 5 683), maximum diameter had no association with PFS and

a complex, U-shaped association with all-cause mortality on smoothHR analysis. Using 5 cm

as a cutoff for bulk, Kaplan-Meier analyses confirmed the smoothHR results. The site of bulk

was incorporated to divide patients into 2 groups. The mediastinal bulk (MB) type had more

favorable characteristics than the nonbulky/non-MB (NB/NMB) type on age, histology, and

bone marrow involvement (P , .001). The MB type was associated with better OS than the

NB/NMB-type on univariable analysis (5-year OS, 92% vs 86%; HR, 0.53; 95% confidence

interval, 0.34-0.84; P 5 .007). These findings persisted in the subgroup treated with

chemotherapy alone and were confirmed in an independent validation cohort (n 5 131).

Our findings indicate that mediastinal bulk was associated with more favorable disease

characteristics and improvedOS in ASHL, andmay be a surrogate of amore favorable biology.

Introduction

Bulky disease is commonly considered an adverse risk factor in lymphomas.1-5 In early-stage Hodgkin
lymphoma (HL), its presence is sufficient to classify disease as "unfavorable,"2 indicating the need for
more intensive therapy.6-8 In advanced-stage Hodgkin lymphoma (ASHL), however, the significance of
bulk remains unclear. In this setting, various definitions of bulk have been used in clinical trials and cohort
reports. Mediastinal bulk (MB) is sometimes measured and recorded separately from other bulks. In
some studies, MB was defined as a mediastinal/thoracic ratio .0.33 to 0.35 on chest radiographs. In
other studies, bulk involving the mediastinum or other sites was defined as a maximal diameter on
computed tomography (CT) scan that measured more than a given cutoff value (ranging from 5 to 10
cm).9-15 Additionally, studies have had varying conclusions regarding the prognostic significance of bulk
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in ASHL. Bulk was not associated with prognosis in the international
prognostic score (IPS) analysis,16 the H89 trial,17 or the RATHL
study.18 Conversely, bulk was associated with outcome in other
trials.9,10,14,19

The prognostic significance of bulky disease may be complicated by
confounding factors, and its presence may provide important
insights into tumor biology. MB is more common in nodular sclerosis
(NS) classical HL than in other subtypes of HL.20,21 Studies have
demonstrated a close relationship in molecular signature between
NS classical HL and primary mediastinal large B-cell lymphoma,
another entity associated with bulky mediastinal involvement.22

Thus, the presence of MB in HL may provide biological information
beyond a simple measure of tumor burden.

A preliminary cohort analysis in our institution revealed a com-
plex association of size, location, and survival outcome in ASHL
and generated the hypothesis that MB, differentiating from other
bulky and nonbulky diseases, is associated with specific disease
features and better survival. We undertook this retrospective multi-
institutional study to investigate the significance of bulky disease
in ASHL.

Methods

Study population

After institutional review board approval was obtained, data
regarding ASHL patients treated at 6 institutions were collected
retrospectively. The inclusion criteria were newly diagnosed,
histologically proven classical HL or unclassified HL; age $15
years; Ann Arbor stage III or IV; treatment between January 2000
and December 2010; and availability of a CT or positron emission
tomography (PET)/CT scan performed within 30 days prior to
initiation of upfront therapy. Patients with nodular lymphocyte
predominant HL or another concurrent malignancy were excluded.

Patients treated at 5 institutions (Memorial Sloan Kettering Cancer
Center, University of Texas MD Anderson Cancer Center, Dana-
Farber Cancer Institute, University of Turin, and Rambam Medical
Center/Technion Israel Technical Institute) comprised the explor-
atory cohort. Patients treated at Princess Margaret Hospital were
used as a validation cohort.

Data collection

Patient characteristics and outcomes. Data regarding
clinical characteristics, disease response to therapy, and patient
outcomes were obtained from the medical records. The following
patient and disease characteristics were recorded: age; sex;
performance status according to the Eastern Cooperative
Oncology Group (ECOG) scale; presence of B symptoms;
Ann Arbor stage; serum lactate dehydrogenase level; histologic
subtype; IPS; involvement of the bone marrow, spleen, liver, lung,
bone, or other sites; and expression of CD20. Outcomes of
interest included diagnosis with relapsed/refractory disease,
death, and cause of death.

Image review and measurement of tumor size. The
maximal diameter of the largest site of disease was measured in
the transverse plane by a local radiologist or radiation oncologist.
The site of the largest lesion was recorded. Additionally, the
maximum diameter of mediastinal disease was measured for
patients who had a mediastinal involvement.

Response criteria

Treatment responses were assessed using standard criteria.23,24

Briefly, a complete remission (CR) was defined as no evidence of
residual disease, including fluorodeoxyglucose negativity in sub-
jects who underwent PET imaging. Additionally, patients were
considered to have achieved a CR if their disease response was
equivocal on posttreatment imaging but they did not require any
additional therapy for $6 months after the completion of primary
treatment. The definition of a partial remission (PR) was $50%
reduction in sum of the product of the diameters of #6 of the
largest dominant masses. The definition of stable disease was not
meeting the criteria for a CR, PR, or progressive disease. The
definition of progressive disease was the appearance of any new
lesion or $50% increase in sum of the product of the diameters.
Responses were assessed within 3 months after completion of
upfront therapy.

Statistical evaluation

Overall survival (OS) was calculated from the date of diagnosis to
the date of death. Progression-free survival (PFS) was measured
from the date of diagnosis to the date of tumor progression/
recurrence or death from any cause. When no event occurred,
patients were censored at the time of last follow-up.

The association between maximum diameter and disease pro-
gression or death was assessed using the Cox proportional hazards
regression model with penalized spline (P-spline) smoothing
methods. For these analyses, the smoothHR package (R version
3.2.3, http://www.r-project.org/) was used to provide pointwise
estimates of hazard ratios (HRs) as a function of tumor size.25

Results were plotted as logarithm HR (ln HR) curves, using the
covariate value of 5 cm as reference.

Patient, disease, and treatment characteristics were compared
using theWilcoxon rank sum and Fisher’s exact tests for continuous
and categorical variables, respectively. PFS and OS times were
estimated using the Kaplan-Meier method and compared between
groups using the log-rank test. Univariate hazard estimates were
generated with unadjusted Cox proportional hazards models. A
stepwise Cox proportional hazards model was built for multivariable
survival analysis, with covariates that were significant on univariable
analysis entered in a hierarchical fashion using forward selection
(P , .1 for inclusion). These analyses were performed using IBM
SPSS Statistics Version 22.0.

Results

Baseline characteristics and treatment

In all, 683 cases with complete data were collected from 5
institutions, constituting the exploratory cohort. Baseline character-
istics are shown in Table 1. The median age was 34 years (range,
15-86 years). Disease was stage III in 303 patients (44%) and stage
IV in 380 (56%). Maximum diameter measured ,5 cm in 269
patients (39%), 5 to 10 cm in 278 patients (41%), 10 to 15 cm in
115 patients (17%), and .15 cm in 21 patients (3%).

Upfront therapy consisted of chemotherapy alone in 533 patients
(78%) and chemotherapy followed by radiotherapy (RT) (CMT) in
150 (22%). The most commonly used chemotherapy regimen was
ABVD, which was administered to 530 patients (78%). 639
patients (94%) received at least 6 cycles of chemotherapy.
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Table 1. Patient characteristics and treatment in the whole cohort and according to disease size and location

Whole cohort

(N 5 683)

Group 1 (n 5 269),

Dmax <5 cm

Group 2 (n 5 274),

MB

Group 3 (n 5 118),

non-MB

Group 4 (n 5 22),

MB and non-MB P

Diameter, cm

,5 269 (39.4) 269 (100) 0 0 0 .000

5-10 278 (40.7) 0 165 (60.2) 96 (81.4) 17 (77.3)

10-15 115 (16.8) 0 92 (33.6) 21 (17.8) 2 (9.1)

$15 21 (3.1) 0 17 (6.2) 1 (0.8) 3 (13.6)

Sex

Male 370 (54.2) 145 (53.9) 137 (50.0) 74 (62.7) 14 (63.6) .103

Female 313 (45.8) 124 (46.1) 137 (50.0) 44 (37.3) 8 (36.4)

Age, y

Median (range) 34 (15-86) 41 (15-86) 28 (15-85) 42.5 (15-81) 23.5 (16-58) .000

Histologic type

NS 462 (67.6) 151 (56.1) 227 (82.8) 69 (58.5) 15 (68.2) .000

MC 111 (16.3) 59 (21.9) 21 (7.7) 27 (22.9) 4 (18.2)

LR 10 (1.5) 8 (3.0) 2 (0.7) 0 0

LD 8 (1.2) 2 (0.7) 4 (1.5) 2 (1.7) 0

Unclassified 92 (13.5) 49 (18.2) 20 (7.3) 20 (16.9) 3 (13.6)

CD20

Positive 93 (13.6) 41 (15.2) 32 (11.7) 16 (13.6) 4 (18.2) .565

Negative 507 (74.2) 194 (72.1) 207 (75.5) 88 (74.6) 18 (81.8)

UK 83 (12.2) 34 (12.6) 35 (12.8) 14 (11.9) 0

BM

Positive 82 (12.0) 45 (16.7) 10 (3.6) 26 (22.0) 1 (4.5) .000

Negative 567 (83.0) 211 (78.4) 252 (92.0) 85 (72.0) 19 (86.4)

UK 34 (5.0) 13 (4.8) 12 (4.4) 7 (5.9) 2 (9.1)

ECOG PS*

0 361 (55.4) 143 (57.0) 151 (57.6) 58 (49.2) 9 (42.9) .058

1 250 (38.3) 86 (34.3) 101 (38.5) 51 (43.2) 12 (57.1)

$2 41 (6.3) 22 (8.8) 10 (3.8) 9 (7.6) 0

UK 31 18 12 0 1

B symptoms*

No 311 (45.6) 133 (49.6) 126 (46.0) 45 (38.1) 7 (31.8) .132

Yes 362 (53.1) 129 (48.1) 146 (53.3) 72 (61.0) 15 (68.2)

UK 10 (1.3) 7 (2.3) 2 (0.7) 1 (0.8) 0

Spleen*

Positive 236 (35.2) 85 (32.9) 89 (32.7) 52 (44.1) 10 (45.5) .094

Negative 434 (64.8) 173 (67.1) 183 (67.3) 66 (55.9) 12 (54.5)

UK 13 11 2 0 0

Liver*

Positive 73 (10.9) 32 (12.4) 26 (9.6) 15 (12.7) 0 .241

Negative 597 (89.1) 226 (87.6) 246 (90.4) 103 (87.3) 22 (100)

UK 13 11 2 0 0

Lung*

Positive 167 (24.9) 49 (19.0) 88 (32.4) 24 (20.3) 6 (27.3) .003

Negative 503 (75.1) 209 (81.0) 184 (67.6) 94 (79.7) 16 (72.7)

UK 13 11 2 0 0

Data are expressed as n or n (%), unless otherwise noted.
ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; BM, bone marrow;

Chemo, chemotherapy; CMT, combined modality treatment; Dmax, maximal diameter; LD, lymphocyte depleted; LR, lymphocyte predominant; MC, mixed cellularity; NA, not available; PS,
performance status; UK, unknown.
*Missing values account for ,5% and were thus not analyzed.
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Information about RT fields was available for 138 out of 150
patients treated with CMT. Of these, 89 patients (64%) were
treated with total or subtotal lymphoid irradiation and 49 (35%) with
localized irradiation. The median RT dose was 36.0 Gy (interquartile
range, 30.6 to 40.0 Gy). Patients with large tumors (maximum
diameter$5 cm) were more likely to receive RT (29% vs 12%, P,
.001). Patients with PR to chemotherapy evaluated either by CT or
PET were more likely to receive RT (supplemental Table 1).

Relationship between tumor bulk and survival

The median follow-up time was 59 months for all patients and
65 months for surviving patients. A total of 89 deaths and 146
diagnoses with relapsed/refractory disease were observed. The
5-year OS rate was 89% (95% confidence interval [CI], 86%-96%)
and 5-year PFS was 84% (95% CI, 77%-89%).

In a smoothHR analysis assessing the relationship between tumor
bulk and PFS, the ln HR curve remained constant, indicating that
there was no association between maximum diameter and PFS
(Figure 1A). The significance of the slight rise at the distal end of the
curve is unclear, because only 21 patients in the cohort (3%) had
bulky disease measuring$15 cm. In agreement with these findings,
Kaplan-Meier analyses showed no significant difference in PFS
between patients with small vs large tumors based on multiple

cutoff values (eg, cutoff value 5 5 cm; 5-year PFS, 75% for,5 cm
vs 73% for $5 cm, P 5 .9; Figure 1C).

Conversely, a smoothHR analysis of maximum diameter and all-
cause mortality revealed a U-shaped ln HR curve (Figure 1B),
reflecting a complex relationship between tumor bulk and OS. The
risk of death decreased with increasing tumor diameter until a value
of ;10 cm and then increased with tumor diameter. Based on
Kaplan-Meier methods, a series of cutoff values for maximum
diameter from 5 to 10 were used to validate the prognostic effect
in OS. The larger maximum diameter group consistently showed
better OS than the smaller maximum diameter group (cutoff value
of 5 cm best distinguished 2 prognostic groups; Figure 1D,
smallest P value). OS was significantly worse in patients with
smaller tumor diameter (5-year OS, 85% for ,5 cm vs 91% for
$5 cm; P 5 .04).

Subgroups based on presence and site of bulk

Taking into consideration tumor size and location, 4 subgroups of
patients were defined as follows: group 1, no bulky disease
(maximum tumor diameter,5 cm); group 2, bulky disease ($5 cm)
involving the mediastinum; group 3, bulky disease ($5 cm) outside
of the mediastinum; and group 4, bulky disease ($5 cm) both within
and outside of the mediastinum

Table 1 (continued)

Whole cohort

(N 5 683)

Group 1 (n 5 269),

Dmax <5 cm

Group 2 (n 5 274),

MB

Group 3 (n 5 118),

non-MB

Group 4 (n 5 22),

MB and non-MB P

Bone*

Positive 213 (31.8) 84 (32.6) 76 (27.9) 45 (38.1) 8 (36.4) .228

Negative 457 (68.2) 174 (67.4) 196 (72.1) 73 (61.9) 14 (63.6)

UK 13 11 2 0 0

Stage

III 303 (44.4) 123 (45.7) 119 (43.4) 52 (44.1) 9 (40.9) .938

IV 380 (55.6) 146 (54.3) 155 (56.6) 66 (55.9) 13 (59.1)

IPS*

0-1 176 (26.1) 75 (28.3) 65 (24.0) 28 (23.9) 8 (36.4) .159

2-3 343 (50.8) 125 (47.2) 154 (56.8) 55 (47.0) 9 (40.9)

4-6 156 (23.1) 65 (24.5) 52 (19.2) 34 (29.1) 5 (22.7)

UK 8 4 3 1 0

Treatment

Chemo 533 (78.0) 238 (88.5) 182 (66.4) 98 (83.1) 15 (68.2) .000

CMT 150 (22.0) 31 (11.5) 92 (33.6) 20 (16.9) 7 (31.8)

Chemo regimen

ABVD 530 (77.6) 203 (74.4) 202 (73.7) 108 (91.5) 17 (77.3) .022

Stanford V 21 (3.1) 6 (2.2) 14 (5.1) 0 1 (4.5)

BEACOPP 67 (9.8) 28 (10.4) 32 (11.7) 4 (3.4) 3 (13.6)

BEACOPP 1 ABVD 35 (5.1) 17 (6.3) 15 (5.5) 2 (1.7) 1 (4.5)

Other 30 (4.4) 15 (5.6) 11 (4.0) 4 (3.4) 0

Data are expressed as n or n (%), unless otherwise noted.
ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; BM, bone

marrow; Chemo, chemotherapy; CMT, combined modality treatment; Dmax, maximal diameter; LD, lymphocyte depleted; LR, lymphocyte predominant; MC, mixed cellularity; NA, not available;
PS, performance status; UK, unknown.
*Missing values account for ,5% and were thus not analyzed.
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As shown in Table 1 and Figure 2, group 1 (no bulk) and group
3 (non-MB) had similar disease characteristics; however, these
groups differed from groups 2 and 4 (MB) with respect to median
age, histologic subtype, and bone marrow involvement.

Given the similarities between groups 1 and 3 and groups 2 and 4,
2 different types of ASHL were identified based on the presence of
bulky ($5 cm) mediastinal disease (with or without bulk at another
site). Patients with MB-type ASHL (MB type, groups 2 and 4) had
more favorable disease characteristics than those with nonbulky/
non-MB type (NB/NMB type, groups 1 and 3), including younger
age, more NS subtype, and less frequent bone marrow involvement
(P , .001).

Outcomes of MB- vs NB/NMB-type ASHL

Disease response to chemotherapy and survival outcomes were
compared between the MB- and NB/NMB-types (supplemental
Table 2). The CR rate based on CT evaluation after initial
chemotherapy was lower in MB-type patients than NB/NMB-type

patients; however, CR rates based on PET evaluation were similar
between the groups.

Relapse rates were similar for the 2 types. There was no
statistically significant difference in PFS (5-year PFS, 74% for
MB vs 74% for NB/NMB; P 5 .6). However, patients with MB
type experienced significantly better OS (5-year OS, 92% for
MB vs 86% for NB/NMB; P 5 .006) (Figure 3A). The cause of
death analysis showed a higher, but not significant, proportion of
disease-specific death (including HL and acute treatment
toxicities) among MB-type compared to NB/NMB-type patients
(19/27 [70%] vs 34/60 [57%]). There were 8 cases who died of
a secondary malignancy (1 in MB and 7 in NB/NMB group)
during follow-up.

To address the potential confounding effect of treatment differ-
ences on survival outcomes, the subgroup of patients treated with
chemotherapy alone (78% of the cohort) was analyzed separately.
In this group, as in the complete cohort, the MB type experienced
better OS than the NB/NMB type (Figure 3B).
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Figure 1. Relationship between tumor bulk and survival. Association of the estimated PFS (A) and OS (B) HR (with 95% CI, dashed line) with the maximum diameter.

The nonlinear effect of maximum diameter on risk of relapse/death (A) and death (B) was modeled with a penalized spline expansion. Corresponding Kaplan-Meier survival

curves show that larger tumor diameter ($5 vs ,5cm) had no effect on PFS (C) but was associated with better OS (D).
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Univariable Cox regression analyses revealed that MB type was
associated with better OS than NB/NMB type (HR, 0.53; 95% CI,
0.34-0.84; P5 .007), but not with PFS (HR, 0.91; 95%CI, 0.67-1.23;
P 5 .547) (supplemental Table 3). The significant association of
subtype with OS was not observed based in a multivariable analysis
accounting for age, ECOG performance status, and B symptoms.
Factors associated with OS in the multivariate Cox regression analysis
were age and ECOG performance, and IPS was associated with PFS.

Validation of findings in an independent cohort

One hundred thirty one patients treated at Princess Margaret
Hospital were analyzed as an independent validation cohort. Of
these, 44 patients (34%) were classified as MB type. MB type was
associated with younger patient age than NB/NMB type, with
a median age of 26 years (range, 16-78 years) vs 53 years (range,
17-82 years; P , .001). In MB-type patients, bone marrow
involvement was significantly less frequent (9% vs 26%, P 5 .03),
whereas NS histologic subtype was more common (82% vs 52%,
P 5 .01). Patients with MB type had similar PFS but significantly
better OS than NB/NMB-type patients (5-year OS, 87% for MB vs
68% for NB/NMB, P 5 .002; PFS 78% for MB vs 63% for NM/
NMB, P 5 .4; Figure 3C).

Bulk effect within MB and NB/NMB subgroups

The relationship between maximum diameter and OS in each
subtype was evaluated by Kaplan-Meier survival analysis. Within
either MB or NB/NMB type, survival seemed similar independent of
disease size, with a series of cutoff values (supplemental Figure 1A-
B, cutoff value 10 cm).

Discussion

This multicenter retrospective study aimed to investigate the effect
of disease bulk on prognosis in ASHL in the CT era. Using Cox
proportional hazards models with P-spline smoothing methods, we
found that tumor size had no association with PFS and a nonlinear,
U-shaped relationship with OS. Likewise, based on Kaplan-Meier
methods, bulk was not associated with PFS, while smaller tumor
size (,5 cm) was associated with worse OS. We hypothesize that
improved OS was observed in patients with larger tumors, because
bulky mediastinal disease was associated with favorable disease
characteristics, such as younger age, NS histology, and less

frequent bone marrow involvement. Based on these observations,
a specific MB type of ASHL was proposed, defined by the presence
of bulky mediastinal disease (with or without bulk elsewhere). In
further analysis, no association between tumor size and OS was
observed within either MB or NB/NMB type. These findings were
validated in an independent cohort.

The prognostic role of bulk in ASHL has been a subject of
controversy, and inconsistent definitions of bulk have been used
across studies.9-15 Tumor size has rarely been analyzed as
a continuous variable. In the current study, a flexible approach was
used to assess the association of survival outcomes with tumor size
as a continuous measure. Smooth ln HR curves enable visual
exploration of an outcome’s association with a continuous variable,
without prior assumption of a specific functional form, and therefore
providemore information than binary splitting with certain cutoffs.25,26

To our knowledge, the current study represents the first study to
evaluate the bulk’s continuous effect on treatment outcome. It is
worth noting that the results of these analyses do not depend on the
value used as reference point.27 Kaplan-Meier survival analyses were
used to validate the association between bulk and survival outcomes.

Contrary to previous recognition, survival curves showed a better OS
for the bulk group than the nonbulk group. The nonlinear, U-shaped
curve depicting tumor size and OS suggests a complex association.
These may be explained, at least in part, by confounding factors. In
this cohort, the site of the bulky disease was important prognostically.
Specifically, the presence of MB, with or without bulk at another
site, characterized a specific type of ASHL with unique disease
characteristics and better OS. With bulk location information, the
U-shaped hazard spline of OS for the complete cohort could be
divided into 2 straight lines, reflecting 2 different types of effect with
disease size on survival: MB type and NB/NMB type.

An MB type in classical ASHL has never been defined previously;
however, results of other studies support the close association of
bulk mediastinal disease and certain disease features. For example,
in the EORTC 2088410 and UK LY0914 trials, patients who
experienced a PR to chemotherapy defined by CT were more likely
to have bulky mediastinal disease, young age, and NS subtype and
were less likely to have bone marrow involvement. Work from the
German Hodgkin Study Group and Memorial Sloan Kettering
Cancer Center found that elderly patients were more likely to have
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Figure 2. Distributions of clinical characteristics across the 4 subgroups defined by the presence and site of bulky disease. (A) Age. (B) Pathology subtype. (C)

Bone marrow involvement. Group 1, no bulky disease (maximum tumor diameter ,5 cm). Group 2, bulky disease ($5 cm) involving the mediastinum. Group 3, bulky disease

($5 cm) outside of the mediastinum. Group 4, bulky disease ($5 cm) both within and outside of the mediastinum. LD, lymphocyte deleted; LR, lymphocyte rich.
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mixed cellularity subtype and less likely to have mediastinal masses
or NS subtype.21,28 In a review of the biology and classification of
HL, NS classical HL was shown to affect more young adults than
other subtypes of classical HL, accounting for the early peak in HL
diagnoses in Western populations.20 These data are consistent
with our results. The causes of death were further analyzed and
showed a higher percentage of non–disease-specific deaths in the

NB/NMB group. The non–disease-specific deaths may be at least
partially attributed to the poorer crude OS in the NB/NMB group.
Because of the distinct features of both disease and patient
characteristics in MB, results of this subgroup should be reported
separately in clinical studies whenever possible. In other lymphoma
types, anatomic location of disease may reflect the tumor’s biology
and molecular features.29,30 The bulky mediastinal disease that
characterizes the MB type of ASHL suggests a possible link with
primary mediastinal B-cell lymphoma.31,32 The molecular similarities
between primary mediastinal B-cell lymphoma and NS classical HL
support the potential relationship between these 2 entities.22,33

A major strength of the current study is the large cohort size. The
robustness of better disease features and survival in MB type
was confirmed by an independent cohort and subgroup analysis.
However, this study does have limitations. First, given its retrospective
nature and the heterogeneous treatments administered, it is possible
that differences in the therapy influenced the conclusions; for
example, patients with bulky disease were more likely to receive RT.
To address the potential confounding effect of therapy, we analyzed
separately the patients who received ABVD chemotherapy only. In
this subgroup, we made the same observations as in the complete
cohort, including the improved OS associated with MB type on
univariate analysis. As a second limitation, bulk was defined by
a single measurement of tumor diameter on axial CT slices. This
measure may not reflect total disease burden as accurately as
3-dimensional features, such as metabolic tumor volume.34 On the
other hand, a single measurement of tumor diameter, as used in this
study, is easier to apply in daily clinical practice.

In conclusion, in this multicenter retrospective study of ASHL,
a complex relationship between tumor diameter and survival was
identified. Bulky mediastinal involvement was characterized by
younger patient age, higher rates of NS subtype, less frequent bone
marrow involvement, and better OS than NB/NMB disease. Our
findings highlight the complexity of prognostic effect based on
tumor size. Attention must be paid not only to the tumor diameter
but also to the location of bulky disease and other clinical features.
Future studies are warranted to explore the genomic and molecular
features that define MB-type ASHL.
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25. Meira-Machado L, Cadarso-Suárez C, Gude F, Araújo A. smoothHR: an R package for pointwise nonparametric estimation of hazard ratio curves of
continuous predictors. Comput Math Methods Med. 2013;2013:745742.

12 MAY 2020 x VOLUME 4, NUMBER 9 SIGNIFICANCE OF BULK AND SITE IN ASHL 2071

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/4/9/2064/1811211/advancesadv2019001265.pdf by guest on 02 June 2024
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