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Purpose: Purpose: Radiation therapy (RT) and the antibody-drug conjugate brentuximab vedotin (BV) are standard-of-care treatment
options for patients with certain B and T-cell lymphomas; however, there are limited data exploring the safety of concurrent BV and
RT (BVRT).
Methods and Materials:We performed a single institutional retrospective review of 44 patients who received BVRT.
Results: Twenty percent of patients (9/44) developed new grade 2 or higher (G2+) hematologic toxicity (HT) after BVRT, which was
associated with radiation dose (median dose of 35 Gy in those with new G2+ HT compared with 15 Gy in those without; P < .001).
Acute G2+ elevation in aspartate transaminase or alanine transaminase level was associated with administration of concurrent
chemotherapy with BVRT (57% vs 21%; P = .047) but was not associated with any RT factors. Local control (LC) was achieved in 24 of
42 patients (57%) with available follow-up. Ten patients (23%) proceeded to stem cell transplant or cellular therapy after BVRT at a
median of 48 days (interquartile range, 27-188 days). At last follow-up, 10 patients (23%) remained without evidence of disease.
Conclusions: Our analysis demonstrates that the combination of BV and RT is well tolerated, though care should be taken during RT
planning to reduce the risk of HT. This combination can be considered for patients in need of both local and systemic disease control.
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article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Brentuximab vedotin (BV) is an antibody-drug conju-
gate with a chimeric antibody targeting CD30 conjugated
to the antimicrotubule agent monomethyl auristatin E.1

BV is approved for the treatment of classical Hodgkin
lymphoma (cHL), anaplastic large-cell lymphoma
r
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(ALCL), and mycosis fungoides (MF),2 and it has also
shown activity in B-cell non-Hodgkin lymphomas.3-6

Although BV is generally well tolerated, alone or with
other systemic therapy (ST) agents,5,7 there is a paucity of
data to inform the use of concurrent BV and radiation
therapy (RT) (BVRT).8-10
Methods and Materials
We conducted an institutional review board approved
single institutional retrospective review of 44 patients
who received BVRT from May 2018 to February 2022,
defined as an infusion within 3 weeks before or concur-
rent with RT. Toxicity (Common Terminology Criteria
for Adverse Events v5.0) was classified as pre-RT (within
1 month before RT), acute (start of RT to 1 month post-
RT), or subacute (2-3 months after RT), censored at sub-
sequent ST. Statistics were performed using Mann-Whit-
ney U and x2 tests using SPSS (v26; IBM, Armonk, NY).
Results
Of 44 patients, 16 (36%) were women. Median age at
BVRT was 52 years (interquartile range [IQR], 42-65). The
most common diagnoses were MF (22 patients, 50%; 17
with large cell transformation), relapsed or refractory (R/R)
cHL (6 patients, 14%), and ALCL (6 patients, 14%) (Table 1).
Twenty-eight patients (64%) had stage III or IV disease.
Patients received a median of 3 lines of prior ST (IQR, 1-4)
and a median of 1 prior course of RT (IQR, 0-3). The
median duration from prior chemotherapy to BVRT was 5
months (IQR, 1-8). Twenty-three patients (52%) received
BV before BVRT, with a median of 4 cycles (IQR, 2-9).

Twenty-one patients (48%) received skin-directed RT
exclusively with electrons, and 23 patients (52%) were
treated with photons, with or without electrons. The
median RT dose was 20 Gy (IQR, 12-30) in 8 fractions
(IQR, 4-12). Eight patients (18%) received additional con-
current ST with BVRT (Table 1).

Nine patients (20%) had new grade 2+ (G2+) hemato-
logic toxicity (HT) in the acute setting. New acute G2+
HT was associated with RT dose, with a median dose of
35 Gy in patients with new G2+ HT (95% CI, 23-43 Gy)
compared with 15 Gy without (95% CI, 14-20 Gy) (P <
.001) (Fig 1). There was a trend toward increased new
acute G2+ HT with RT courses that included photons at
32% (7/22 patients) compared with electrons alone (2/20
or 10%; P = .09). There was no significant association
with concurrent chemotherapy (P = .61), prior lines of ST
(P = .14), months from last chemotherapy to BVRT (P =
.34), age at BVRT (P = .32), or RT to the spine (P = .11)
or pelvis (P = .44).

Eleven of 41 patients had new G2+ acute aspartate
transaminase/alanine transaminase elevation. New G2+
aspartate transaminase/alanine transaminase elevation
was associated with concurrent administration of chemo-
therapy with BVRT (57% [4/7] with vs 21% [7/34] with-
out; P = .047). It was not associated with photon-based
RT (P = .42), RT dose (P = .70), RT fields that included
the abdomen (P = .48), or prior lines of ST (P = .19).

After BVRT, there was a decrease in G2+ pain in the sub-
acute (P = .02) but not acute setting (Table 2). There was no
significant difference in G2+ fatigue, neuropathy, diarrhea,
or grade 3+ HT in the acute or subacute setting (Table 2).

At last follow-up, 21 patients (48%) were deceased,
with median time from the start of BVRT to death of 6.1
months (IQR, 3.7-8.1 months). In surviving patients, the
median follow-up from BVRT to last follow-up was 6.2
months (IQR, 2.6-14.4 months). Twenty-four of 42
patients (57%) with follow-up data achieved a complete
response in the treatment field after BVRT. Six patients
(25%) had improvement but persistent disease after
BVRT, 4 of whom received additional focal radiation. At
last follow-up, 10 patients (23%) remained without evi-
dence of disease. Patients experienced the following pat-
terns of progression: distant progression only (20, 45%),
local and distant progression (11, 25%), and local progres-
sion only (1, 2%) (Fig 2). Nineteen patients (43%)
received subsequent RT courses. Twenty-seven patients
(61%) received new ST after BVRT at a median of 28 days
(IQR, 15-94), most commonly for progression (19
patients, 43%) or planned bridging therapy (5 patients,
11%). After BVRT, 7 patients (16%) proceeded to stem
cell transplant at a median of 54 days (IQR, 19-169); 6
had no evidence of disease on positron emission tomogra-
phy (PET)/computed tomography (CT) and 1 patient had
improvement on CT (PET/CT denied by insurance). After
BVRT, 2 patients with a partial response and 1 patient
with progressive disease on PET/CT proceeded to cellular
therapy at a median of 124 days (IQR, 80-185).
Discussion
To our knowledge, this is the largest reported series of
patients treated with concurrent BV and RT. BVRT
resulted in low rates of new G2+ toxicity, with no unex-
pected toxicities related to concurrent therapy identified.
Our data suggest that concurrent ST, RT dose, and pho-
ton-based treatment may affect HT.

Knowledge of the safety profile of concurrent BVRT is
important, as both BV and RT are effective agents in the
treatment of patients with lymphoma. Especially in the R/R
setting, it is common to encounter patients who require both
systemic disease control (addressed with BV and other STs)
as well as more intensive local therapy (provided by RT).

BV has produced promising results even when given as
a single agent in the treatment of R/R cHL (overall
response rates [ORR], 57%-75% alone or with nivolu-
mab11-15), R/R CD30+ non-Hodgkin lymphomas (ORR,



Table 1 Patient characteristics

Characteristic
No. (% of 44) or
median (IQR)

Age at diagnosis (y) 48 (37-61)

Age at BVRT (y) 52 (42-65)

Female sex 16 (36%)

Diagnosis

Mycosis fungoides 22 (50%)

Classical Hodgkin lymphoma 6 (14%)

Anaplastic large cell lymphoma
(primary cutaneous or systemic)

6 (14%)

Primary cutaneous T-cell
lymphoma, other

4 (9%)

B-cell lymphoma, other* 4 (9%)

T-cell lymphoma, othery 2 (5%)

Stage

I 7 (16%)

II 9 (20%)

III 3 (7%)

IV 25 (57%)

Number of lines of prior systemic
therapy

3 (1-4)

Prior courses of RT 1 (0-3)

Prior chemotherapy 31 (70%)

Months from last chemo to BVRT 5 (1-8)

RT dose (Gy) 20 (12-30)

RT fractions 8 (4-12)

Electrons only 21 (48%)

Photons +/− electrons 23 (52%)

Concurrent systemic therapy with BVRT

Cyclophosphamide 5 (11%)

Nivolumab 3 (7%)

Romidepsin 1 (2%)

Pralatrexate 1 (2%)

Ibrutinib 1 (2%)

Intrathecal methotrexate/cytarabine 1 (2%)

Therapy after BVRT

Additional RT 19 (43%)z

Systemic therapy 627 (1%)

Stem cell transplant 7 (16%)

Cellular therapy 3 (7%)

Abbreviations: BV = brentuximab vedotin; BVRT = concurrent RT
with BV; IQR = interquartile range; RT = radiation therapy.
* Includes gray zone lymphoma, B-cell plasmablastic lymphoma,
primary mediastinal B-cell lymphoma.
y Includes peripheral T-cell lymphoma, Human T-lymphotropic
virus T-cell lymphoblastic leukemia/lymphoma.
z Percentages exceed 100 as patients could have received multiple
different treatment modalities after BVRT.
Percentages may not add to 100 because of rounding.

Figure 1 Association of radiation therapy dose and new
acute grade 2+ hematologic toxicity (HT).
Median dose of 15 Gy (95% confidence interval, 14-20
Gy) in those without new grade 2+ HT compared with a
median dose of 35 Gy in those with new grade 2+ HT
(95% confidence interval, 23-43) (P < .001).
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36%-44%; complete response rate [CRR], 17%-24%),4,5

and R/R ALCL (ORR, 67%-86%; CRR, 56%-66%).12,16

Although designed to target CD30, the efficacy of BV has
also been shown in lymphomas with variable5,6 or
absent17,18 CD30 expression, such as non-Hodgkin B-cell
lymphoma or non-ALCL T-cell lymphomas.

RT is perhaps the most effective single agent therapy in
the treatment of patients with lymphoma.19 Responses to
RT vary greatly based on histology. Cutaneous T-cell lym-
phomas are quite radiation sensitive, with 3-year local con-
trol approaching 100% for ALCL treated to doses of less
than 20 Gy.20 In patients with MF, 8 Gy in 2 fractions has
been associated with a CRR over 90% without significant
side effects.21 In contrast, systemic lymphomas such as cHL
and diffuse large B-cell lymphoma often require doses in
excess of 40 Gy to secure local control in the R/R setting.22

In our study, we sought to recognize both the exacerba-
tion of known toxicities as well as identification of any novel,
unexpected toxicity with BVRT. The most commonly
reported BV-related toxicities included peripheral sensory
neuropathy and neutropenia; nausea, fatigue, and rash can
also occur. Hepatoxicity has been reported; however, it is
uncommon, seen in 1.4% of patients on clinical trials.23 For-
tunately, prior trials have shown that toxicity improves or
resolves for the majority of patients with therapy cessation.16

Possible RT toxicity relates to the anatomic structures
included in the RT field. Patients treated with higher doses
of RT had higher rates of G2+ HT. Dose-dependent RT-
induced myelosuppression is well-documented.24-26 Pho-
ton-based RT, compared with electrons, which deposit their
dose superficially, is more likely to affect the bone marrow
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Figure 2 Local and distant progression in patients at last
follow-up.
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or blood volume and thus lead to cytopenias.27,28 Patients
requiring treatment with photons, often with more aggres-
sive histologies such as DLBCL, are also at higher risk of
HT because of numerous factors, including heavy pretreat-
ment status, more aggressive disease course, and need for
higher RT doses. This work is reassuring as it included even
heavily pretreated patients. However, it must be noted that
the RT doses in this study were moderate, and additional
caution may be necessary with higher doses. A high pro-
portion of patients in this series received skin-directed RT
with BV; in prior studies , up to 5% of patients treated with
BV alone experienced G3 skin toxicity, with treatment dis-
continuation in 3%.29 When used in combination, benda-
mustine and BV second line for R/R cHL has been
associated with skin reaction in 65% of patients.30 Although
short-lived, with a median duration of 6 days, this resulted
in treatment discontinuation in 15% of patients (6/40).

This analysis is limited by a heterogeneous patient pop-
ulation, with a variety of histologic diagnoses and diverse
prior/concurrent ST regimens. This analysis is retrospec-
tive, and we were limited in our ability to grade toxicity
using clinical documentation, particularly for subjective
symptoms such as pain, neuropathy, and fatigue. Labora-
tory values were more readily available; however, they were
not routinely obtained for outpatients receiving skin-
directed RT. Assessment of bone marrow involvement or
cellularity before BVRT, which may also affect HT, was
limited. Given the small sample size, we were limited in
power to detect more nuanced relationships.
Conclusion
Concurrent RT and BV resulted in limited new G2+
toxicities. We did observe expected HT, and care should
be taken during RT planning to reduce this risk, poten-
tially by using lower doses or smaller fields, when appro-
priate. BVRT may be an effective therapeutic option with
a reasonable toxicity profile for patients with lymphoma
in need of both systemic and local disease control. Further
prospective investigation is warranted.
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