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GBSTRACT

The programmed death-1 (PD-1) receptor checkpoint inhibi-
tors nivolumab and pembrolizumab represent an important
therapeutic advance in the treatment of relapsed or refrac-
tory classical Hodgkin lymphoma (cHL). Clinical trials have
shown substantial therapeutic activity and an acceptable
safety profile in heavily pretreated patients, resulting in
U.S. Food and Drug Administration approval of nivolumab for
the treatment of cHL that has relapsed or progressed after
either autologous hematopoietic cell transplantation (auto-
HCT) and brentuximab vedotin treatment or three or more
lines of systemic therapy (including auto-HCT), and of pem-
brolizumab for adult or pediatric patients with refractory cHL
or cHL that has relapsed after three or more prior therapies.
Mechanistically, anti-PD-1 therapy prevents inhibitory signal-
ing through PD-1 receptors on T cells, thereby releasing a

‘block’ to antitumor T-cell responses. However, this disinhibi-
tion can also lead to inappropriate T-cell activation and
responses against healthy tissues, resulting in immune-
mediated adverse events (IMAEs) that affect a number of
organ systems. The skin, gastrointestinal, hepatic, and endo-
crine systems are most commonly involved, typically resulting
in rash, colitis, abnormal liver enzyme levels, and thyroiditis,
respectively. Notably, pneumonitis is a potentially fatal com-
plication of checkpoint inhibitor immunotherapy. Hematologic
oncologists who treat cHL with PD-1 immune checkpoint
inhibitors should monitor patients for IMAEs, as early recogni-
tion and treatment can rapidly reduce morbidity and mortal-
ity. This review focuses on IMAEs during the treatment of
relapsed or refractory cHL with nivolumab and pembrolizu-
mab. The Oncologist 2019;24:86-95

Implications for Practice: This article highlights the importance of monitoring for immune-mediated adverse events (IMAEs)
in patients with Hodgkin lymphoma (HL) who receive anti-programmed death-1 (anti-PD-1) therapy, with particular attention
given to the recognition and management of such events. The risk of individual IMAEs differs between patients with HL and
those with solid tumors, as prior treatments may predispose certain organ systems to specific IMAEs. Accurate and prompt
diagnosis of IMAEs is essential for optimal management, allowing PD-1 inhibitor therapy to be restarted in order to maintain
disease control. Potential difficulties, such as distinguishing disease progression from pneumonitis, or colitis from diarrhea,
are highlighted to raise clinical awareness.

INTRODUCTION

Classical Hodgkin lymphoma (cHL) is characterized by scat-
tered, tumor-initiating Reed-Sternberg cells surrounded by
a dense rosette-like pattern of infiltrating, dysfunctional T
cells that are incapable of mediating productive antitumor
responses [1]. Upregulation of ligands for the programmed

death-1 (PD-1) immunoreceptor—PD-L1 and PD-L2—has
been identified as a mechanism by which Reed-Sternberg
cells suppress T-cell responses [2]. Normally, PD-L1 and PD-
L2 are upregulated in tissues as a physiological response to
inflammation [3], and engagement of PD-1 on the T-cell
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surface by PD-L1 and PD-L2 inhibits T-cell signaling, thereby
preventing excessive tissue damage [3,4]. However, in cHL,
Reed-Sternberg cells mediate pathological suppression of
antitumor immune responses [2,5] via increased PD-L1 and
PD-L2 expression because of copy number gains in the short
arm of chromosome 9 (9p24.1) [5,6]. The extent of 9p24.1
genetic alteration ranges from polysomy (median of one addi-
tional copy) to higher-order copy number gains and amplifica-
tions (upwards of 6-10 additional copies) [5]. PD-L1/PD-L2
amplifications have been associated with advanced-stage dis-
ease at presentation and poor progression-free survival [5].

Nivolumab and pembrolizumab are immunoglobulin G4
monoclonal antibodies that act as checkpoint inhibitors by
binding to the PD-1 receptor and blocking the interaction
between PD-1 and PD-L1 or PD-L2 [7,8]. As a result, the
‘brake’ on T-cell activation is released, leading to disinhibi-
tion of the immune response and improved control of
tumor growth. Clinical trials have shown these agents to
have substantial therapeutic activity and an acceptable
safety profile in patients with relapsed or refractory cHL
after multiple prior lines of therapy (supplemental online
Table 1) [9-12]. However, such disinhibition may also lead
to inappropriate T-cell activation against normal tissues
and immune-mediated adverse events (IMAEs).

This review focuses on IMAEs reported during the treat-
ment of cHL with nivolumab and pembrolizumab. Since these
monoclonal antibodies are only used in the relapsed and/or
refractory clinical settings, special consideration is given to
the treatment history of patients with cHL, as the adverse
events associated with earlier lines of therapy may overlap
with IMAEs associated with checkpoint inhibitor therapy.

OvERVIEW OF N1voLuMAB AND PEMBRoLIZUMAB IN cHL
Nivolumab and pembrolizumab have demonstrated clinical
activity in patients with cHL in phase | and phase Il trials.
Across cHL trials, patients with relapsed or refractory dis-
ease after multiple prior lines of therapy (median of three
to five lines, including prior autologous hematopoietic cell
transplantation [auto-HCT] and brentuximab vedotin
[BV] in certain cohorts) showed high objective response
rates (65%—-87%) [9,11-13] and prolonged duration of
response (overall median of 16.6 months after extended
follow-up in the phase Il CheckMate 205 trial of nivolumab)
[11] after anti-PD-1 checkpoint inhibitor therapy (supple-
mental online Table 1). Although treatment with PD-1
inhibitors has not been shown to cause cumulative toxic
effects similar to those reported with chemotherapeutic
agents [14], patients remaining on immunotherapy for pro-
longed intervals could nevertheless be at increased risk of
cumulative immune-mediated specific toxicities (Table 1,
supplemental online Table 1 [9-12]). Clinicians must
remain vigilant to the diverse clinical presentation and
onset of IMAEs, as patients may present with IMAEs late in
the course of treatment, and—in some cases—perhaps
even after treatment discontinuation [11,15]. Awareness of
these toxicities may enable early identification and timely
treatment, thereby reducing the risk of treatment discon-
tinuation and improving overall morbidity and mortality
outcomes.
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TREATMENT HISTORY

It is possible that prior treatments, such as bleomycin, car-
mustine, and BV, may predispose patients to certain IMAEs
during checkpoint inhibitor therapy. In addition, patients
treated with checkpoint inhibitors may have also been pre-
viously exposed to radiotherapy [16], further increasing the
risk of IMAEs.

Although a causal link between treatment history and
patient vulnerability to IMAEs with checkpoint inhibitors
has not been established, it is helpful for the clinician to be
mindful of adverse events that may be associated with pre-
vious therapies.

Bleomycin, a chemotherapeutic agent that induces double-
stranded DNA breaks, is used as part of all first-line regimens
for cHL, including ABVD (doxorubicin, bleomycin, vinblastine,
dacarbazine), Stanford V (doxorubicin, vinblastine, mechlor-
ethamine, vincristine, bleomycin, etoposide, prednisone/
prednisolone), and BEACOPP (bleomycin, etoposide, doxorubi-
cin, cyclophosphamide, vincristine, procarbazine, and predni-
sone) [16]. The most serious adverse effects of bleomycin are
pulmonary complications, which occur in approximately 10%
of patients [17] and may lead to the development of pneumo-
nitis. In approximately 1% of patients, pneumonitis progresses
to fatal cases of pulmonary fibrosis [17]. Pulmonary toxicity is
unpredictable, but appears to be related to age and dose,
increasing in patients aged more than 70 years or with a total
dose above 400 units [17].

Carmustine, a DNA alkylating agent, is frequently used as
part of conditioning regimens prior to auto-HCT for relapsed
or refractory cHL [18]. Carmustine can adversely affect organs
also affected by IMAEs, including the pulmonary system and,
less frequently, the hepatic and renal systems [18], potentially
predisposing patients to pneumonitis and hepatitis.

BV, an antibody-drug conjugate consisting of an anti-
CD30 monoclonal antibody linked to an antineoplastic agent
(monomethyl auristatin E), is approved in the U.S. for the
treatment of cHL in the following indications: after failure of
auto-HCT, after failure of at least two prior multiagent che-
motherapy regimens in patients who are not auto-HCT candi-
dates, or as consolidation after auto-HCT for patients at high
risk of relapse or progression [19]. BV may cause pulmonary,
hepatic, and gastrointestinal adverse events, among others
[19], therefore potentially predisposing patients to pneumo-
nitis, hepatitis, and colitis/diarrhea. In the phase Il AETHERA
trial, pulmonary toxicity, including pneumonitis, was reported
in 5% (8/167) of patients randomized to receive BV and in
3% (5/160) of those who received the placebo [19,20]. Of
note, the concomitant use of BV with bleomycin is contrain-
dicated because of an increased incidence of pulmonary tox-
icity reported during combination studies [19].

Radiotherapy is associated with a variety of pulmonary
complications, including both subclinical effects and pneu-
monitis [21,22]. Thyroid abnormalities can also occur after
radiotherapy to the neck (targeting the commonly involved
cervical nodes in cHL) as a result of vascular damage to the
thyroid gland [23]. Hypothyroidism is the most typical
abnormality, with a dose-related effect observed [24]. Fur-
thermore, the delayed effects of irradiation may predispose
patients to additional immunotherapy-associated thyroid
or pulmonary toxicity.

© AlphaMed Press 2018
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RECOGNITION AND MANAGEMENT oF IMAESs

Across clinical trials of nivolumab and pembrolizumab, the
most common IMAEs observed in patients with cHL have
been rashes and hypothyroidism/thyroiditis (Table 1)
[9-12,25]. Colitis has been reported with lower frequency,
although the cases reported have been more severe (grade
3), and hepatitis has also been reported at low frequencies
(Table 1) [7,9-12]. PD-1 checkpoint inhibitors are also associ-
ated with an increased risk of immune-mediated pneumoni-
tis [26]. Infusion-related reactions can occur in up to 14% of
patients [9-11], although these are severe in <1% of patients
[7,8]. Infusion reactions requiring immune-modulating medi-
cation were reported in 4% of patients with cHL who
received nivolumab [11]. Patients given PD-1 inhibitors gen-
erally have a relatively low disease burden at trial entry
(Eastern Cooperative Oncology Group performance status
0 or 1), and caution should be applied when treating patients
with a higher disease burden. In addition, the risk of
infusion-related reactions may be higher when PD-1 inhibi-
tors are given as part of certain combination therapies [27].
Notably, pulmonary dysfunction is a known complication of
cHL treatment. It is therefore critical that hematologists who
treat cHL with immuno-oncology agents be able to recognize
IMAEs, as prompt initiation of corticosteroid therapy can
reduce toxicity and the likelihood of treatment discontinua-
tion, thereby decreasing morbidity and mortality [7,8].

Case Study
J.S. is a 33-year-old man with stage IV-B cHL. His disease was
refractory to multiple treatment regimens, including ABVD,
auto-HCT, and BV, and he subsequently progressed on all
treatments. He started pembrolizumab on a phase | clinical
trial and achieved a partial response after four cycles.
Positron emission tomography—computed tomography
(PET-CT) performed as part of routine restaging after cycle
28 showed new bilateral basilar lung consolidations with stan-
dard uptake values (SUVs) of up to 9.2 (Fig. 1A), as well as
multiple pulmonary nodules, some of which were cavitary,
with an SUV maximum of 7.0 (Fig. 1B). The patient was
asymptomatic at this time, with normal exercise capacity. He
was seen by the pulmonary service, and results from an
extensive workup for infection were negative. He underwent
an interventional radiographic-guided right lung biopsy that
showed cellular interstitial pneumonia and organizing pneu-
monia (Fig. 1C). A follow-up CT scan revealed a centrifugal
expansion and central clearing of both the bilateral consolida-
tions and pulmonary nodules (Fig. 1D-E). Because of the
expansion of lesions shown on CT, J.S. underwent a wedge re-
section of the involved right lower and upper lobe lung
regions. This showed cellular and interstitial pneumonia
(Fig. 1F) with multiple intra-alveolar poorly formed granulo-
mas and scattered eosinophils (Fig. 1G). Focal organizing
pneumonia was identified. The pleura showed chronic inflam-
mation and fibrous thickening. Immunohistochemical studies
did not reveal Langerhans, Reed-Sternberg, or Hodgkin cells.
J.S. was treated for asymptomatic pneumonitis with
oral steroids tapered over 4—6 weeks. Pembrolizumab was
withheld, and he was observed while off all treatment. He
remained asymptomatic, and a repeat PET-CT scan 1 month
after biopsy depicted ongoing improvement in right and
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left lung opacities but mild progression of hypermetabolic
lymphadenopathy at all sites involved with disease. As he
did not suffer any pneumonitis-related symptoms (grade
1), he was restarted on pembrolizumab 10 weeks after his
biopsy without further development of any pulmonary
complications. Because of early detection of pneumonitis
with prompt initiation of corticosteroids, he has completed
52 cycles of pembrolizumab as of January 2017, with ongo-
ing disease control and continued gradual regression of his
pulmonary infiltrates.

Immune-Mediated Pneumonitis

Abdel-Rahman and Fouad conducted a meta-analysis of
11 randomized clinical trials to determine the overall risk
of developing pneumonitis in patients treated with nivolu-
mab, pembrolizumab, and/or ipilimumab for melanoma,
renal cell carcinoma, prostate cancer, or non-small cell lung
cancer [26]. The use of immune checkpoint inhibitors was
associated with an increased risk of all-grade pneumonitis
(odds ratio, 3.96; p < .0001) compared with standard che-
motherapy or placebo controls.

In trials of PD-1 inhibitor therapy across the indications,
the incidence of pneumonitis is about 3%, with a median time
to onset of 3.3-3.5 months. Pneumonitis led to discontinua-
tion in <1.3% of all patients, whereas symptoms resolved
completely in approximately 60% of affected patients [7,8].
The incidences of pneumonitis in trials of PD-1 inhibitor ther-
apy for cHL have ranged from 3%-10%, with one case of
grade 3 pneumonitis and no cases of grade 4 pneumonitis
reported across the four trials (Table 1) [9-12].

Diagnosis and Management of Pneumonitis

Pneumonitis after checkpoint inhibitor therapy can have vari-
able clinical, radiologic, and pathologic presentations. Onset
may occur early or late in the course of treatment, although
onset is typically observed earlier with the use of combina-
tion therapy than with monotherapy [28,29]. Patients may
be asymptomatic at the onset or may present with dyspnea,
cough, and, less frequently, fever and chest pain [30]. Stan-
dard treatment guidelines for mild-to-moderate pneumonitis
recommend chest imaging (chest CT with contrast [preferred]
or radiograph) every 3-4 weeks or as clinically indicated
(mild cases) [29,31]. Radiographic features may include the
following: a cryptogenic organizing pneumonia-like presenta-
tion with discrete patchy or confluent consolidation, the
appearance of ‘ground glass’ opacities, interstitial markings
with interlobular septal thickening, a centrilobular nodular
presentation with a bronchiolitis appearance, or a combina-
tion of the above [30]. Given that the radiographic appear-
ance of pneumonitis is highly varied and can resemble
malignant lung infiltration or infection, diagnostic biopsy, via
bronchoscopy or video-assisted thorascopic surgery, is essen-
tial to distinguish drug-induced pneumonitis from progres-
sion of disease or infectious pneumonitis [30]. Biopsy may
reveal granulomatous inflammation, focal fibrin, diffuse alve-
olar damage, eosinophils, or vessels with recanalized thrombi
[30]. In cases of grade 3 or higher pneumonitis, consultations
from both pulmonary and infectious diseases physicians are
recommended [31]. Potential infectious causes of pneumoni-
tis involve assessment by a respirologist and bronchoscopy

© AlphaMed Press 2018
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Figure 1. Patient with pneumonitis on programmed death-1 inhibitor therapy. Bilateral basilar lung consolidations (A) and pulmo-
nary nodules, including cavitary nodules (B) detected on routine PET-CT at cycle 28; cellular interstitial pneumonia and organizing
pneumonia detected on interventional radiographic-guided right lung biopsy (C); centrifugal expansion and central clearing of
both the bilateral consolidations and pulmonary nodules on follow-up CT (D-E); cellular and interstitial pneumonia (F) with multi-
ple intra-alveolar poorly formed granulomas and scattered eosinophils (G) identified on wedge resection of the involved right
lower and upper lobe lung regions. Abbreviations: CT, computed tomography; PET, positron emission tomography.

or video-assisted thoracoscopic surgery as needed. Patients
developing hypoxia or respiratory distress should have a low
threshold for hospitalization. Pneumonitis should be
promptly treated with corticosteroids, although steroid-
sparing immunosuppressants are used in patients with
refractory pneumonitis. Checkpoint inhibitor therapy should

© AlphaMed Press 2018

be delayed or stopped entirely, depending on IMAE severity
(Table 2) [7,8].

Immune-Mediated Colitis/Diarrhea
Colitis has been reported in 2%—3% of patients across
approved indications of PD-1 inhibitors [7,8], with a median
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time to onset of 3.5-5.3 months. Colitis led to treatment
discontinuation in <1% of all patients, whereas symptoms
completely resolved in 274% of affected patients [7,8]. Sim-
ilarly, colitis has been reported in >1%—4% of patients with
cHL who received nivolumab or pembrolizumab; none of
these cases was reported as leading to discontinuation of
checkpoint inhibitor therapy [9—-12]. Distinguishing diarrhea
from colitis (radiographic or endoscopic findings of colonic
inflammation) is important to help prevent severe or
potentially life-threatening complications. Although similar,
colitis can be distinguished from diarrhea by presentation
of abdominal pain, blood and mucus in stools, and fever.
When patients present with these specific colitis symp-
toms, it is considered an emergency and an indication for
hospitalization. Colitis and diarrhea are treated by prompt
administration of corticosteroids [28]. Furthermore, check-
point inhibitor therapy should be withheld or discontinued
depending on the severity of colitis (Table 2). Patients who
experience four or more bowel movements above baseline
frequency per day (grade 2 or higher) warrant a pause of
treatment and subsequent referral for gastrointestinal eval-
uation, including colonoscopy and esophagogastroduode-
noscopy with biopsy and possible gastrointestinal-directed
(e.g., budesonide) or systemic corticosteroid treatment
[29,31]. Antidiarrheals can be used in very mild cases or if
gastrointestinal evaluation determines that diarrhea is not
immune mediated. Careful attention to, and appropriate
treatment of, the earliest symptoms associated with gastro-
intestinal adverse events can decrease the risk of severe
toxicity.

Immune-Mediated Endocrinopathies

In trials evaluating treatment of cHL with nivolumab or
pembrolizumab, endocrine abnormalities, specifically con-
sisting of hypothyroidism, hyperthyroidism, and thyroiditis,
have been observed [7]. The incidence of hypothyroidism
ranged from 9%—-16% [9-12], and thyroiditis ranged from
<1%—6% (Table 1) [10,11]. Treatment-related immune-
mediated endocrinopathies reported in patients treated
with pembrolizumab (Table 1) consisted of hypothyroidism
(12%-16%) and thyroiditis (0%—6%) [9,10]. In a phase Il
trial of nivolumab for cHL, all-cause immune-mediated
endocrinopathies reported included hypothyroidism (9%;
primary hypothyroidism was reported in 3% of patients),
hyperthyroidism (2%), thyroiditis (<1%), adrenal insuffi-
ciency (<1%), and diabetes (<1%) [11].

In cases of symptomatic thyroiditis, patients may ini-
tially develop hyperthyroidism that can be treated with
beta-blockers. Hypothyroidism develops later and usually
requires thyroid hormone replacement [28]. Typically, a
high thyroid-stimulating hormone (TSH) level with low free
T, indicates primary hypothyroidism, a low TSH level with
low free T, indicates hypophysitis, and high TSH and T3/T,
levels indicate hyperthyroidism [32]. Current treatment
guidelines recommend measurement of TSH and free T,
levels every 4-6 weeks as part of routine clinical monitor-
ing [29,31]. Thyroid hormone replacement is effective for
the management of hypothyroidism, and beta-blockers,
corticosteroids, and, in some cases, antithyroid therapy
(such as methimazole, carbimazole, or propylthiouracil) or

www.TheOncologist.com

permanent radioiodine ablation [8] may be used to man-
age hyperthyroidism; however, this treatment should be
administered by an endocrinologist [28].

Adrenal suppression and hypophysitis are clinically chal-
lenging to diagnose as they may present with symptoms
such as fatigue, headache, photophobia, dizziness, nausea,
or anorexia [28,31]. Hypophysitis is diagnosed by biochemi-
cal testing of the pituitary-hypothalamus (prolactin),
pituitary-thyroid (low or normal TSH with a low free T,),
and pituitary-gonadal axes (low luteinizing hormone,
follicle-stimulating hormone with low estradiol or testoster-
one). Patients presenting with these symptoms are
referred to an endocrinologist regardless of IMAE grade
[28,29,31].

Dermatologic, Hepatic, and Renal IMAEs

Rash has been reported in 1%-9% of patients across all
approved indications with PD-1 checkpoint inhibitors [7,8].
Trials specific to cHL have reported a wider and higher
range of incidence of treatment-related rash: 12%-22%
with nivolumab (immune-mediated rash and maculopapu-
lar rash was reported for 7% and 1% of patients, respec-
tively) [11,12] and 8% with pembrolizumab [9,10]. Hepatic
adverse events associated with PD-1 inhibitors consist
mainly of elevations in aspartate aminotransferase and ala-
nine aminotransferase levels [11,32]. Autoimmune hepati-
tis has been reported in 0.7%-1.8% of patients across
clinical trials of PD-1 inhibitors, with a median time to
onset of 1-3 months [7,8]. Similarly, autoimmune hepatitis
was reported in 3 (1%) patients with cHL who received
nivolumab in the phase Il CheckMate 205 study (all grade
3-4) [11]. Renal adverse events with PD-1 inhibitors consist
mainly of elevated serum creatinine levels. Nephritis has
been reported in 0.3%—1.2% of patients across clinical trials
[7,8]. Among patients with cHL, one case of nephrotic syn-
drome was reported with pembrolizumab in a phase |
study, and one case of autoimmune nephritis was reported
in a phase Il study of nivolumab (Table 1) [10,11].

Additional Uncommon IMAEs

Clinicians should also be aware of other rare (<1% of
patients) but potentially severe IMAEs during PD-1 inhibitor
therapy. Such IMAEs include pancreatic toxicities, cardiovas-
cular disease (e.g., myocarditis), nervous system disorders
(e.g., myasthenia gravis), ocular toxicity (e.g., episcleritis,
blepharitis, uveitis), endocrine system disorders (e.g., type |
diabetes mellitus), severe rashes (e.g., Stevens-Johnson
syndrome or toxic epidermal necrolysis), and renal
(e.g., interstitial nephritis) and musculoskeletal disorders
(e.g., myositis/polymyositis) [28,29,31]. Diagnosis and man-
agement of these rare IMAEs is covered in detail in the
American Society of Clinical Oncology guidelines [29].

Allogeneic HCT After PD-1 Inhibitor Therapy

Allogeneic (allo-) HCT is frequently considered for
patients whose disease has progressed after treatment
with a checkpoint inhibitor. PD-1 inhibition prior to allo-
HCT may enhance allogeneic T-cell responses and aug-
ment the graft-versus-tumor effect. However, prior

© AlphaMed Press 2018
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immunomodulation may also increase risk of graft-
versus-host-disease (GVHD). A small retrospective analysis
examined outcomes in patients who had received allo-
HCT after treatment with a PD-1 inhibitor. Among
39 patients treated with nivolumab or pembrolizumab
prior to allo-HCT, the 1-year cumulative incidence of grade
2-4 and grade 3-4 acute GVHD was 44% and 23%, respec-
tively, and transplant-related mortality (death without dis-
ease progression) was 11% [33]. These outcomes are within
the ranges of historically published values for patients with
cHL undergoing allo-HCT without prior checkpoint inhibitor
therapy (100-day incidences of 6%—28% and 26%—60% for
transplant-related mortality and grade 3-4 acute GVHD,
respectively, for studies with varying conditioning regimens
and donor characteristics) [34—38], suggesting that prior anti-
PD-1 therapy does not preclude allo-HCT. Patients should
nonetheless still be monitored for hyperacute GVHD, grade
3-4 acute GVHD, steroid-requiring febrile syndrome, hepatic
veno-occlusive disease, and other IMAEs [7,8].

PD-1 Inhibitor Therapy After Allo-HCT

Although use of PD-1 inhibitors typically precedes allo-HCT,
some patients with lymphoma may receive PD-1 inhibitors
after failure of allo-HCT. Two recent multicenter, retrospec-
tive analyses have provided valuable information on the
safety and efficacy of PD-1 inhibitors after allo-HCT [39,40].
In both studies, prolonged survival and a high overall clini-
cal response (overall response 77% and 95%) were
observed, indicative of an activated graft-versus-tumor
effect, but outcomes were frequently complicated by the
onset of treatment-related GVHD [39,40]. Haverkos et al.
[39] reported that 55% (17/31) of patients developed
either acute or chronic GVHD after PD-1 inhibition, with
eight treatment-related deaths; 94% of GVHD cases
occurred after one to two doses of anti-PD-1 therapy. Her-
baux et al. [40] reported that 30% (6/20) of patients expe-
rienced acute GVHD, with three patients dying from
treatment-related causes. However, in the Herbaux study,
GVHD was observed only in patients with prior acute
GVHD, whereas in the Haverkos report, 71% of patients
who developed GVHD after PD-1 blockade had prior acute
or chronic GVHD [39,40]. Additional long-term data are
needed to fully evaluate the risks and benefits of using PD-
1 inhibitor therapy after allo-HCT. Caution and careful
monitoring are warranted, particularly in patients who
have a history of GVHD.

CoNCLUSION
Recovery from IMAEs is generally expected if clinicians institute
timely intervention with corticosteroid therapy; therefore,
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