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ABSTRACT

Background: The role of consolidation mediastinal radiotherapy (RT) for mediastinal bulky disease in advanced-stage clas-
sical Hodgkin lymphoma (cHL) is controversial in the positron emission tomography/computed tomography (PET-CT) era.
Materials and methods: We reviewed the medical charts of patients with advanced-stage (clinical stage IIX-IVX) cHL
and mediastinal bulky that achieved a complete response after first line chemotherapy treatment between August 2010
and December 2020 and compared the results of those who received with those who did not receive consolidation medias-
tinal RT. Inclusion criteria required PET-CT imaging for staging and response assessment.

Results: We included 115 patients; 91 received mediastinal RT and 24 did not. Patient’s characteristics were balanced be-
tween the two groups. The median age in patients that received and did not receive mediastinal RT was 28 years and 24.5
years, respectively. Median International Prognostic Score among patients that received and did not receive mediastinal
RT was 2 and 2.5, respectively. Disease free survival (DFS) was statistically better in patients that received mediastinal RT
(p = 0.013). Two-year DFS for patients that received and did not receive mediastinal RT was 95.2% [95% confidence interval
(95% Cl): 87.6-98.2%] and 76.4% (95% Cl: 52.2-89.4%), respectively. Overall survival (OS) was not different between the two
groups (p = 0.617). In multivariate analysis, not receiving mediastinal radiotherapy and only achieving partial response (vs.
complete response) after 2 cycles of chemotherapy were factors predictive of lower DFS.

Conclusion: DFS, but not OS, was superior in patients that received mediastinal RT.
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Introduction phy/computed tomography (PET-CT), consolida-

tion radiotherapy (RT) to advanced-stage cHL was

The role of consolidation radiotherapy for me- recommended for patients with bulky disease [1]

diastinal bulky disease in advanced-stage classical — including mediastinal Bulky [2] — and in those

Hodgkin lymphoma (cHL) is controversial. Pri- who did not achieve complete remission after che-
or to the advent of positron emission tomogra- motherapy [3].
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Functional imaging with PET-CT has proven to
be superior to computed tomography in staging
and assessing the response to treatment in cHL
[4], and has become standard of care in cHL. For
post-therapy evaluations its sensitivity and spec-
ificity ranged from 0.50 to 1.00 and 0.67 to 1.00,
respectively [5]. With a more sensitive method
for detecting active disease, the role of consoli-
dation radiotherapy in complete remission must
be revisited.

Two recent prospective trials evaluated consoli-
dation RT in advanced-stage cHL with large masses
in the PET era. Both found no benefit to patients
randomized to RT [6, 7]. However, these studies
did not exclusively evaluate patients with medias-
tinal bulky disease.

Mediastinal bulky disease poses specific chal-
lenges in cHL. Some authors have reported that me-
diastinal bulky may be associated with a different
biology [8]. Besides, long term side effects of ra-
diotherapy may be more harmful to the mediasti-
num than it is to other sites due to a toxic effect on
the heart, lungs and breast tissue [9].

Therefore, in order to better understand the im-
pact of mediastinal RT on survival we analyzed
the outcomes of patients with advanced-stage cHL
and mediastinal bulky who achieved complete re-
sponse after first-line chemotherapy and compared
the results of those who received and those who did
not receive consolidation mediastinal RT.

Materials and methods

Study design

This is a retrospective single-center study, con-
ducted at the Institute of Cancer of Sdo Paulo
(ICESP), University of Sao Paulo, a public tertiary
referral hospital specialized in cancer treatment in
Brazil. With almost 500 beds, it is the largest can-
cer hospital in this country.

The study was approved by the local Research
Ethics Committee and, as it was retrospective, in-
formed consent was not sought.

Study population and definitions
This study enrolled patients diagnosed with
stage II, III or IV cHL and mediastinal bulky that
achieved a complete response after first line che-
motherapy treatment, confirmed by PET, between
August 2010 and December 2020.

Inclusion criteria required histopathological
confirmation of cHL according to the World Health
Organization classification and PET imaging for
lymphoma staging and response assessment.

We excluded patients who were not treated with
BEACOPP or ABVD regimen, who were HIV pos-
itive, who did not achieve a complete response to
chemotherapy and who received mediastinal RT
for reason other than treatment consolidation (eg.
radiotherapy for oncological emergencies). Those
with nodular lymphocyte predominant Hodgkin
lymphoma were not enrolled.

Patients were staged according to the Ann Ar-
bor system [10]. Mediastinal bulky was defined as
a mass of > 35% of the transthoracic diameter [11].

Response to treatment was evaluated with
PET-CT after 24 cycles of treatment and complete
remission (CR) was defined as complete metabol-
ic response, according to the five-point Deauville
score criteria (scores 1-3) [12].

Disease free survival (DFS) was defined as
the time interval from chemotherapy completion
to disease relapse or death, whichever came first.
Overall survival (OS) was stipulated as the time in-
terval from diagnosis to death from any cause.

Data collection
Data was collected retrospectively from elec-
tronic and physical records. The information col-
lected consisted of baseline, first-line treatment
characteristics and follow-up data.
Clinical data were entered into Research Eletron-
ic Data Capture (REDCap) electronic data capture
tools hosted at the University of Sdo Paulo [13].

Treatment of the study population

Patients were either diagnosed at our center
or had their biopsy specimen reassessed by our
pathologists. All patients received 2-deoxy-2-[(18)
F]fluoro-d-glucose PET-CT for initial staging,
bone marrow biopsy was not done routinely.

Patients were treated with either 6-8 cycles
of ABVD (doxorubicin, bleomycin, vinblastine,
and dacarbazine) or BEACOPP (bleomycin,
etoposide, doxorubicin, cyclophosphamide, vin-
cristine, procarbazine, and prednisone). After
2 treatment cycles, an interin PET-CT study was
performed. Patients with partial remission (Deau-
ville score 4 or 5) underwent another PET-CT af-
ter 4 treatment cycles.
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Refractory disease was defined as one of the fol-
lowing: positive PET (Deauville score 4 or 5) after
4 treatment cycles, progressive disease (Deauville
score 5) after 2 or 4 treatment cycles or relapsing
within 3 months of treatment completion. Node or
organ biopsy were required to confirm refractori-
ness. Patients with refractory disease were exclud-
ed from this study.

In our center standard care for patients with me-
diastinal bulky and complete remission (Deauville
score 1-3 PET after 2 or 4 treatment cycles) is un-
dergoing mediastinal RT. Reasons for not receiv-
ing mediastinal RT were: bleomycin pulmonary
toxicity, ongoing infection or concerns about ra-
diotherapy side effects.

After treatment completion patients were
followed with medical evaluation, hemogram
and erythrocyte sedimentation rate assays every
3 to 6 months for 5 years and annually after that.
PET-CT and biopsy were done if relapse disease
was suspected.

Second line chemotherapy was done with ifos-
famide, gemcitabine and vinorelbine. Chemosensi-
tive patients underwent autologous stem cell trans-
plant. Maintenance was not used.

Statistical analysis

Differences between patients that received
and did not receive mediastinal RT were examined
by the Mann-Whitney test for continuous variables
and the Chi-square test for categorical ones.

DES and OS was calculated using the Ka-
plan-Meier method and the log-rank test was used
in the comparison. Associations between covari-
ates with DFS were assessed using Cox’s propor-
tional hazards model. Univariate analyzes were
initially performed. All variables significant at
a p < 0.20 in univariate analyses were considered
as possible predictor variables for the multivari-
able analyses with application of the stepwise for-
ward method. The criterion for entry into the mod-
el was significance at a p < 0.20 and the criterion
for remaining in the model was significance at
a p < 0.05. In these analyzes, originally quanti-
tative variables were dichotomized according to
cutoff points based on the literature. Model fit
was assessed using the Hosmer-Lemeshow good-
ness-of-fit statistic. Listwise exclusion was used for
Cox regression models. All test assumptions were
checked as required.

Statistical significance was defined as p < 0.05
and all statistical analyses and graphs were per-
formed using SAS version 9.4 (SAS Institute,
Cary, NC).

Results

Between August 2010 and December 2020, 173
patients with cHL, clinical stage II-IV and medi-
astinal bulky were diagnosed and treated at our
center. Data from the 129 (89.1%) patients that
achieved a complete remission were collected
with 115 remaining after exclusion. The reasons
for exclusions were: one patient was HIV-positive,
12 were not staged with PET-CT, one patient was
treated with other chemotherapy protocol and one
patient underwent radiotherapy prior to chemo-
therapy due to superior vena cava syndrome.

Baseline patient characteristics

Patient characteristics are summarized in Table 1.
Baseline patient characteristics were balanced be-
tween the two treatment groups. The median age of
patients that received and did not receive mediasti-
nal RT were 28 years (range 16-76 years) and 24.5
years (range 16-58 years), respectively. The most
common histopathologic subtypes were nodular
sclerosing followed by mixed cellularity. Clinical
stage was II, III and IV was found in 46 (40.0%),
30 (26.1%) and 39 (33.9%) patients, respectively.
Median International Prognostic Score among pa-
tients that received and did not receive mediastinal
RT was 2 and 2.5, respectively.

Regarding laboratory findings at cHL diagno-
sis, hemoglobin concentration was lower than
10.5 g/dL in 30 (33.0%) and 8 (33.3%) patients
that received and did not receive mediastinal RT,
respectively. Albumin concentration was lower
than 4.0 g/dL in 69 (78.4%) and 17 (70.8%) pa-
tients that received and did not receive mediasti-
nal RT, respectively.

Treatment characteristics

Chemotherapy protocol was escalated BEA-
COPPin 11 (9.5%), baseline BEACOPP in 1 (0.9%)
and ABVD in 103 (89.6%) patients. Ninety-one
(79.1%) received mediastinal RT as consolidation
therapy. Median time between last chemotherapy
competition and radiotherapy initiation was 37.5
days. Mean and median radiotherapy doses were
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Table 1. Patients characteristics (n = 115) 30.3 Gy and 30.6 Gys (range 20.0-36.6 Gy), respec-
No mediastinal  Mediastinal tively. All patients received involved-field Radia-
Characteristics radiotherapy  radiotherapy = p-value tion therapy.
(n=24) (n=91)

Gender Progression free and overall survival
Sl e S 020 The median follow-up was 52.0 months (range
Age at diagnosis [years] 4-120 months). Median DFS and OS were not
<45 22(91.7) 81(89.0) 000 reached.
45 2(83) 10(11.0) Two-year and 5-year DFS for the whole cohort
B symptoms were 92.1% [95% confidence interval (95% CI):
No 7 252) 22042) 84.8-95.9%] and 83.1% (95% CI: 73.2-89.6%),
Yes 17 (70.8) 69 (75.8) 0606 respectively. DFS was statistically better in pa-

tients that received mediastinal RT (p = 0.013).
Two-year DFS for patients that received and did
0.225 not receive mediastinal RT was 95.2% (95% CI:
87.6-98.2%) and 76.4% (95% CI: 52.2-89.4%), re-
spectively. Five-year DFS for patients that received

Clinical stage

Stagellorlll 13 (54.2) 63 (69.2)

Stage IV 11 (45.8) 28(30.8)

International Prognostic Score

02 12500 46 (506) 1.000 and did not receive mediastinal RT was 88.3% (95%
37 e Sl CI: 77.6-94.1%) and 65.8% (95% CI: 41.1-82.1%),
Chemotherapy protocol respectively (Fig. 1)'
ABVD 22(917) 81(89.0) 1,000 During follow-up, 3 patients that received me-
BEACOPP 2(83) 10(11.0) diastinal RT died. The causes of death were re-
Hemoglobin concentration [g/dL] spiratory insufficiency due to progressive disease,
N 24 91 COVID-19 infection during rescue chemotherapy
Mean/Median 10.9/10.8 11.4/11.40 0.191 and metastatic breast cancer. One patient that did
T 76-133 55_154 not receive mediastinal RT died, the cause of death
Leukocytes [10°/mm’] could not be ascertained. He was in remission from
N i o cHL for 31 months. OS was not different between
Mean/Median 13.3/11.2 12.0/11.5 0.912 the two groups (p = 0j617.) (Fig. 2). L
Tables 2 shows univariate and multivariate cox
e >57412 417346 regression analysis for DFS. In multivariate anal-
Lymphocytes (10°/mm’) ysis, not receiving mediastinal RT [hazard ratio
N 24 91
Mean/Median 1.6/1.4 1.4/1.2 0.888
Range 0.5-4.1 0.2-5.0 1.0

Platelets [10°/mm?]

09 -

N 24 91
Mean/Median 422/400 419/399 0.853 08 -
Range 222-854 181-911

0' -
Erythrocyte sedimentation rate [mm/h] 7

N 17 82 06 -
Mean/Median 76.6/84 54.0/46.5 0.016
05 - LogRank P =0.013

Range 7-139 4-125 o | 24 2 » 5 1 :
Albumin [g/dL] e " # * ? 7

0 20 40 60 80 100
N 24 88 Disease free survival [months]
Mean/Median 3.6/3.7 3.5/3.6 0493 Mediastinal radiotherapy Ne ves

Range 2.0-4.5 2.0-4.6

Figure 1. Progression free survival rates stratified b
ABVD — doxorubicin, bleomycin, vinblastine, and dacarbazine; 9 9 Y

BEACOPP — bleomycin, etoposide, doxorubicin, cyclophosphamide, receiving or not receiving mediastinal radiotherapy. Y axis
vincristine, procarbazine, and prednisone has been modified so that tick marks start at 0.5

https://journals.viamedica.pl/rpor 859



Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 5

1.0 W
| PR—

09 -
0.8 -
07 -
0.6 -
05 - LogRank P =0.617
No 24 21 15 6 1 1
Yes 9|1 7|7 SFS 4‘4 2‘4 1‘2

0 20 40 60 80 100

Overall survival [months]
Mediastinal radiotherapy No Yes

Figure 2. Overall survival rates stratified by receiving
or not receiving mediastinal radiotherapy. Y axis has been
modified so that tick marks start at 0.5

(HR): 6.07; 95% CI: 1.83-20.21] and achieving par-
tial response after 2 cycles of chemotherapy (HR:
6.53; 95% CI: 1.90-22.48) were factors predictive
of lower DFS.

Discussion

This retrospective study aimed to investigate
the impact of mediastinal RT on survival of ad-
vanced-stage cHL with mediastinal Bulky disease
that achieved complete remission after chemother-
apy in the PET era. We found that DFS, but not OS,
was superior in patients that received mediastinal
RT. To analyze the impact of RT in advanced-stage
cHL with large nodal masses is not an easy task.
Differences in definitions of advanced-stage lym-
phoma and bulky size make it difficult to compare
results between studies. Thereby, the role of RT in
advanced-stage cHL is yet to be determined.

Studies, prior to the PET era, comparing RT to
no further treatment showed mixed results. Aleman
et al. randomized 421 patients that achieved com-
plete remission to chemotherapy (MOPP-ABV) to
RT or no further treatment. No overall benefit from
RT was observed; in patients with bulky, nodular
sclerosing cHL, however, the relapse-free survival
rate was significantly higher after RT [13]. An Indian
study evaluated patients diagnosed with early-stage
and advanced-stage cHL that achieved complete re-
sponse after 6 cycles of ABVD. Those randomized
to RT had an eight-year event-free survival of 88%
vs. 76% (p = 0.01) in the no-further-treatment arm.
Eight-year OS was 100% in the RT group vs. 89%
(p =0.002) in the no-further-treatment arm. Subset
analysis showed that addition of RT improved out-
comes in patients with age < 15 years, B symptoms,
advanced stage, and bulky disease [2].

Two recent studies in the PET era that evalu-
ated RT in advanced-stage cHL with large masses
are worth mentioning. The phase 3 GITIL HD0607
study randomized 296 patients who had nod-
al masses larger than 5 cm at baseline and achieved
PET negativity with ABVD, to RT or no further
treatment. The authors found no differences be-
tween RT and no further treatment [6]. The FIL
HDO0801 trial published recently also investigated
that role or RT in patients who achieved complete
response to ABVD and a nodal mass larger than
5 cm. This study also found no benefit to patients
randomized to RT. At 2 years, Intention-to-treat
analysis showed DFS was 91.3% vs. 85.8% (p = 0.7)
in patients randomized to RT and no further treat-
ment, respectively [7].

The two aforementioned studies have an import-
ant difference from our study; they are not restrict-
ed to patients with mediastinal bulky. In our opin-

Table 2. Univariate and multivariate analysis of factors associated with progression free survival

Univariate analysis

Multivariate analysis

Variables Category Reference

HR (95% Cl) p-value HR (95% Cl) p-value
International Prognostic 0-2 3_7 138 (0.51-3.76) 0524 B B
Score
Mediastinal radiotherapy No Yes 3.21(1.19-8.65) 0.015 6.07 (1.83-20.21) 0.018
GE PRS2 || e Gelinfpliais 3.19(1.15-8.81) 0018 6.53(1.90-2248) | <0.001
cycles response
B symptoms Yes No 2.71(0.62-11.93) 0.170 - -
Chemotherapy protocol ABVD BEACOPP 4.20(0.43-40.72) 0.201 - -

HR — hazard ratio; Cl — confidence interval; ABVD — doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPP — bleomycin, etoposide, doxorubicin,

cyclophosphamide, vincristine, procarbazine, and prednisone
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ion, mediastinal bulky disease cannot be analyzed
in conjunction with bulky disease at other sites for
three main reasons.

The first reason is that mediastinal bulky dis-
ease may be associated with a different biology than
non-mediastinal bulky cHL. In diffuse large B-cell
lymphoma disease site reflects its biology and prog-
nosis [15]. Primary mediastinal B-cell lymphoma,
which shows a better prognosis if compared to oth-
er aggressive B-cell lymphomas, has unique clini-
cal and biological features [16]. Large mediastinal
disease in cHL may suggest a link between Prima-
ry Mediastinal B-cell Lymphoma and mediastinal
bulky cHL. Many molecular similarities between
these two lymphomas have been described [17].

The second reason is that mediastinal bulky dis-
ease may be associated with a different prognosis
and, therefore, RT may have a different impact in
the mediastinum that it has at other sites. Qi et al.
retrospectively studied 814 advanced-stage cHL pa-
tients to evaluate the significance of Bulky disease.
Patients with mediastinal bulky had more favorable
characteristics than non-bulky or non-mediastinal
Bulky in terms of age, histology, and bone marrow
involvement. Besides, mediastinal bulky was asso-
ciated with better OS than non-bulky or non-me-
diastinal Bulky on univariable analysis (5-year
0OS, 92% vs. 86%; HR: 0.53; 95% CI: 0.34-0.84;
p = 0.007). The authors concluded that mediastinal
bulky was associated with more favorable disease
characteristics and improved survival, and suggest-
ed that maybe is associated with a more favorable
biology [8]. Phan et al. evaluated the role of RT
in 118 patients with stage III cHL. Those who re-
ceived RT had better survival than those who did
not. On multivariate analysis, mediastinal RT was
associated with improved DFS (p = 0.003) and OS
(p = 0.029). The pattern of failure analysis showed
that most failures (23 of 28) occurred above the di-
aphragm. The authors concluded that consolidative
RT after CR may benefit patients with initial dis-
ease above the diaphragm, whereas below-the-dia-
phragm disease seems to be well managed by che-
motherapy alone [18].

The third reason is that mediastinal RT may have
important long term side effects. In an extensive
retrospective cohort of 1,474 Hodgkin lymphoma
patients, mediastinal RT significantly increased
the risks of myocardial infarction, congestive heart
disease and valvular disease (2- to 7-fold) [19]. Su-

pra-diaphragmatic radiation was also associated
with breast cancer in a cohort of 653 female pa-
tients treated at the Mayo Clinic [20].

Our study is subject to important limitations. As
in our center standard of care is to perform me-
diastinal RT, it is possible that patients who did
not receive mediastinal RT were more fragile or
somehow different from patients that received RT.
We tried to mitigate this possible bias by exclud-
ing HIV-positive patients, patients who did not
achieve a complete response and patients who were
not treated with ABVD or BEACOPP regimen.
Retrospective studies are subject to selection bias
and this may have affected our results. Despite that,
to the best of our knowledge, this is the first study
that focuses on the role of mediastinal RT on out-
comes of advance-stage cHL in the PET era.

Despite the small sample size, based on our find-
ings, our study suggests that mediastinal RT can
improve DEFS in patients with advanced-stage cHL
with mediastinal bulky. These data need to be con-
firmed with a prospective trial. However, as OS was
not improved, until more data are available, the de-
cision to perform mediastinal RT must be individ-
ualized. An old frail patient that cannot tolerate
a second line treatment and stem cell transplanta-
tion may benefit from RT. A young female patient
who is at high risk of breast cancer probably would
not. Clinicians should be aware that understanding
risk factors for relapse and RT long term effects are
of utmost importance for decision making in this
setting.

Conclusion

In conclusion, we found that patients with ad-
vanced stage cHL that receive consolidative medi-
astinal radiotherapy have better DFS. But, as OS
was not improved, clinicians and radiation oncolo-
gists must approach the issue on a case-by-case ba-
sis. Prospective data with larger samples are needed
to understand the real role of RT in advanced-stage
cHL with mediastinal bulky.
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