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Abstract
To date, there has been a lack of pediatric experience regarding the efficacy and tolerability of

immune checkpoint inhibitors after haploidentical hematopoietic stem cell transplant (HSCT).We

present the case of a 22-year-old female with multiple-relapsed Hodgkin lymphoma (HL) who

presented with a new relapse after haploidentical (post-haplo) HSCT. Anti-PD-1 therapy with

nivolumab resulted in significant objective disease response and clinical improvement without

notable side effects, including the absence of a graft-versus-host disease (GVHD). This case report

suggests that immune checkpoint inhibition may be safely tolerated even in the setting of hap-

loidentical HSCT, without triggering overt GVHD.
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1 INTRODUCTION

Allogeneic hematopoietic stem cell transplant (HSCT) is a potentially

curative therapy for awide spectrumof pediatric hematopoieticmalig-

nancies. The utility of HSCT has been hindered in part by the low

availability of suitable HLA-matched donors, especially among minor-

ity populations. Nearly all patients have HLA-haploidentical (haplo)–

related donors, and novel approaches have enabled the use of T-cell

replete, haplo-HSCTwith favorable rates of engraftment, graft-versus-

host disease (GVHD), and transplant-relatedmortality similar to those

seen after the HSCT using HLA-matched sibling donors.1–3 However,

the relapse of malignant disease after allogeneic HSCT remains a

significant problem.

Immune checkpoint inhibition is another strategy for enhancing

antitumor activity. Tumors can evade immune destruction by express-

Abbreviations: CR, complete remission; FDG, [18]F-flourodeoxyglucose; GVHD,

graft-versus-host disease; GvT, graft-versus-tumor effect; HSCT, hematopoietic stem cell

transplant; HL, Hodgkin lymphoma; HLA, human leukocyte antigen;MMF, mycophenolate

mofetil; PET-CT, positron emission tomography-computed tomography

ing ligands for immunecheckpoint pathways, allowing tumors to inhibit

antitumorT-cell function.Antibodies against immunecheckpoint path-

way ligands (or receptors) can inhibit tumor-induced downregulation

of T-cell function and restore antitumor T-cell activity. This approach

has shown very promising results in pretransplant patients.4 In theory,

immune checkpoint inhibition could be used to amplify graft-versus-

tumor activity in patients who relapse after HSCT and reestablish

remission. However, animal models suggest that this strategy could

also potentiate severe to lethal GVHD.5,6 This could be especially true

in haplo-HSCTwith its greater degree of HLAmismatch.

We here report nivolumab treatment of a patient 14 months

after a nonmyeloablative T-cell replete, haplo-HSCT with post-

transplant cyclophosphamide, mycophenolate mofetil (MMF), and

tacrolimus/sirolimus for refractory Hodgkin disease. In the early

post-HSCT period, the patient had 100% donor chimerism and no

clinical GVHD. After a period of initial disease control, she subse-

quently progressed approximately 180 days after HSCT. After exten-

sive discussion, the patient was administered off-label therapy with

nivolumab. She tolerated nivolumab therapy without any evidence of

Pediatr Blood Cancer 2016; 00: 1–4 c© 2016Wiley Periodicals, Inc. 1wileyonlinelibrary.com/journal/pbc



2 SHAD ET AL.

auto-immune complications or GVHD, and achieved and remains in

complete remission (CR).

2 RESULTS

Our patient was diagnosed at 15 years of age with Stage IV-A classical

Hodgkin lymphoma (HL). She was enrolled and treated on COG proto-

col AHOD0031.7 Shewas classified as a slow early responder after the

first two cycles and per protocol randomized to receive two cycles of

DECA (dexamethasone, etoposide, cisplatin, and cytarabine), involved-

field radiotherapy, and two further cycles of ABVE-PC (doxorubicin,

bleomycin, vincristine, etoposide, cyclophosphamide, and prednisone).

She was in CR at the end of therapy, but relapsed 3 months later. She

subsequently received six cycles of vinorelbrine, gemcitabine, pred-

nisolone, and ifosfamide and achieved CR2. She underwent high-dose

chemotherapywith carmustine, etoposide, and cyclophosphamide, fol-

lowed by autologous HSCT, but relapsed for the third time 5 months

later.

Over the 4 years following auto-HSCT, she received seven cycles

of bendamustine, six cycles of brentuximab, eight cycles of ChLVPP

(chlorambucil, vinblastine, procarbazine, and prednisone), three cycles

of lenalidomide, four cycles of metronomic chemotherapy (with

IV vinblastine, PO cyclophosphamide, PO methotrexate, PO cele-

coxib), and six cycles of gemcitabine, vinorelbine, and liposomal dox-

orubicin. During this time, her disease status alternated between

partial response to progressive disease. After her sixth line of

post-auto-HSCT therapy, her disease activity on positron emission

tomography-computed tomography (PET-CT) was limited to residual

[18]F-flourodeoxyglucose (FDG) avidity in the trochanteric region of

her left femur and the vertebral body of T8, and she had a performance

status (Karnofsky) of 90%. With the intent of consolidating persistent

residual disease, she proceededwith haplo-HSCT.

At the age of 20 years, she underwent nonmyeloablative condi-

tioning with fludarabine, cyclophosphamide, and low-dose total body

irradiation preparative regimen as previously published2 (Table 1).

She received unmanipulated, T-cell replete bone marrow from her

HLA haplo-identical sister. GVHD prophylaxis consisted of cyclophos-

phamide 50 mg/kg on days +3 and +4 with mesna, MMF (days 5–35),

and tacrolimus starting on day +5 as per the institutional standard.

Tacrolimus was subsequently replaced with sirolimus beginning day

+16 secondary to peripheral neuropathy. Neutrophil and platelet

engraftment occurred on days +19 and +31, respectively, and the

peripheral blood CD3 and whole blood donor chimerism was 100%

on day +28 and at all subsequently measured time points. Her most

notable complications included a catheter-related superior vena

cava thrombus diagnosed on day +58, which resolved following

thrombolysis and 6 months of anticoagulation therapy. Our patient

also developed colitis, first presenting on day +104, which waxed

and waned over the next subsequent months. Pathological findings

on gut biopsy were not consistent with acute GVHD, and ultimately

symptoms resolved after diagnosis of pancreatic insufficiency and

pancreatic enzyme replacement. She never had any manifestations of

liver, skin, or other GVHD.

Day +72 PET-CT showed resolution of all abnormal FDG activ-

ity, consistent with CR. Sirolimus was ultimately discontinued on day

+115. However, by day +181, she began to again have progressive

fatigue and night sweats. PET-CT showed FDG avidity consistent

with the relapse in mediastinum, left lung, T8–T12 thoracic spine, left

TABLE 1 Timeline of haploidentical HSCT and posttransplant nivolumab interventions and disease assessments

Day pre/post-haplo-HSCT

−6,−5 Cyclophosphamide 14.5mg/m2 IV

−6 to−2 Fludarabine 30mg/m2 IV

−1 Total body irradiation 200 cGy

Zero Unmanipulated T-cell replete bonemarrow fromHLA-haploidentical sibling

+3,+4 Posttransplant cyclophosphamide 50mg/kg IVwithmesna

+5 to+35 MMF 15mg/kg PO tid

+5 to+15 Tacrolimus, discontinued for peripheral neuropathy

+16 to+115 Sirolimus (goal 3–12 ng/ml)

+72 PET-CT: resolution of all abnormal FDG activity

+181 PET-CT: FDG avidmasses in mediastinum, left lung, T8-T12 thoracic spine, left femur, nodes above and below
diaphragm

Palliative chemotherapywith

- Rituximab, sirolimus, and vorinostat (single cycle)

- Brentuximab and bendamustine (four cycles)

+423 PET-CT: further progression of FDG avid disease of mediastinum, lungs, pelvis and bonemarrow and new lesions in
liver and spleen (Figs. 1A–1E)

+430/cycle 1, day 1 Nivolumab 3mg/kg IV q14 days

+484 (after cycle 4) PET-CT: near resolution of all FDG-avid activity (Figs. 1F–1J)

+541 (after cycle 9) PET-CT: complete resolution of all FDG-avid activity (Figs. 1K–1O)



SHAD ET AL. 3

F IGURE 1 Response to nivolumab therapy in a patient with refrac-
toryHL after haplo-HSCTwith posttransplant cyclophosphamide. 18F-
FDG-PET-CT scans obtained before nivolumab therapy (A–E), after
four cycles of nivolumab (F–J), and after nine cycles of nivolumab (K–
O). Maximum-intensity projections (A, F, K), axial views of the lung by
CT-PET fusion (B, G, L), and axial CT (C, H, M), and CT-PET fusion axial
views of the liver and spleen (D, I, N) and pelvis (E, J, O)

femur, and nodal disease above and below the diaphragm. A variety of

treatment options were discussed, and, ultimately, the patient began

rituximab,8 sirolimus, and vorinostat9 but opted to stop after a sin-

gle course in the favor of quality of life improvement. She subse-

quently received four cycles of palliative brentuximab and bendamus-

tine, but PET-CT on day +423 showed further progression of the FDG
avid disease, with new lesions in the liver and spleen and progres-

sion of the mediastinal, pulmonary, pelvic, and bone marrow disease

(Figs. 1A–1E).

After an extensive discussion, on day +430, she began nivolumab

3 mg/kg every 2 weeks as recently described10 (Table 1). She toler-

ated nivolumab therapy without any clinical evidence of autoimmu-

nity or GVHD. PET-CT performed on day 2 of the fourth cycle of

nivolumab showed near resolution of the previously noted hyperme-

tabolic activity (Figs. 1F–1J), and complete resolution was observed

after the ninth cycle of nivolumab (Figs. 1K–1O).Her clinical symptoms

of malignancy have completely resolved. She is currently in her 13th

cycle of nivolumab and doing well.

3 DISCUSSION

Although there are emerging reports of tolerability of immune check-

point inhibition after an HLA-matched HSCT,11–13 haplo-HSCT, with

its greater mismatch, theoretically poses an even higher risk for auto-

or allo-immune complications. In the only other reported patient in

whom immune checkpoint blockade after haplo-HSCT was observed,

nivolumab therapy had to be stopped after the development of steroid

refractory Grade IV skin GVHD.12 However, that patient had a prior

history of Grade II acute GVHD, in contrast to our patient, who had

no definitive GVHD prior to the nivolumab therapy. We thus present

evidence that in a patient receiving haplo-HSCT with posttransplant

cyclophosphamidewithout subsequentGVHD,nivolumabwaswell tol-

erated and efficacious, allowing our patient to achieve a CR. More

systematic clinical trials and dissection of the molecular mechanisms

underlying its tolerance, tolerability, and efficacy are required.
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