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Abstract
Nivolumab is effective in the treatment of classical Hodgkin lymphoma that relapsed after allogeneic hematopoietic stem cell 
transplantation (SCT) with the risk of graft-versus-host disease; however, the optimal time and dose of nivolumab admin-
istration remain to be investigated. Nivolumab binding to PD-1 masks flowcytometric detection of PD-1 by the anti-PD-1 
monoclonal antibody EH12.1. Using this method, we monitored nivolumab binding on T cells after nivolumab treatment 
in a patient with classical Hodgkin lymphoma relapsed after allogeneic SCT. Nivolumab was effective while prolonged 
nivolumab binding was evident, but restoration of PD-1 staining predicted tumor relapse. Flowcytometric monitoring of 
nivolumab binding on T cells could be a promising biomarker for predicting tumor relapse and determining the timing of 
nivolumab administration.
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Introduction

PD-1 blockade after allogeneic hematopoietic stem cell 
transplantation (SCT) is highly effective against classical 
Hodgkin lymphoma (cHL) with the risk of graft-versus-host 
disease (GVHD) [1]. To reduce the risk of severe GVHD, it 
is recommended to start nivolumab from low dose and con-
sider dose escalation in the selected patients [1]. However, 
an optimal dose and timing of nivolumab after allogeneic 
hematopoietic SCT remains to be determined, and there is an 
unmet medical need for development of biomarkers to esti-
mate anti-tumor activity of nivolumab while avoiding harm-
ful GVHD and immune-related adverse events. Nivolumab 
and anti-PD-1 monoclonal antibody EH12.1 competitively 
binds on PD-1 [2]. Thus, administration of nivolumab masks 

flowcytometric detection of PD-1 by EH12.1. Here, we dem-
onstrate results of flowcytometric monitoring of nivolumab 
binding on T cells after nivolumab treatment for nearly 
1 year in a patient with cHL relapsing after allogeneic SCT.

Case report

A 24-year-old man was diagnosed with advanced cHL, 
involving the cervical, axillary, and mediastinal lymph 
nodes, and the left lung. Disease was refractory to ABVD 
(doxorubicin, bleomycin, vinblastine, and dacarbazine) and 
ICE (ifosfamide, carboplatin, and etoposide) regimens, and 
residual mediastinal lesion was treated with involved-field 
radiotherapy. The patient then underwent high-dose chem-
otherapy MEAM (ranimustine, etoposide, cytarabine, and 
melphalan) followed by autologous peripheral blood stem 
cell transplantation (PBSCT) and achieved complete remis-
sion (CR). Two months later, the lung lesion recurred and 
was refractory to salvage chemotherapies including bren-
tuximab vedotin and CHASE (cyclophosphamide, cytara-
bine, dexamethasone, and etoposide). Although the lesion 
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was regressed after local radiotherapy, the patient developed 
new pancreatic lesion.

Following GDP (gemcitabine, dexamethasone, and cis-
platin) regimen, he underwent haploidentical allogeneic 
PBSCT (haplo-PBSCT) from his father with reduced inten-
sity conditioning consisting of fludarabine, busulfan and 
4 Gy total body irradiation. GVHD prophylaxis was post-
transplant cyclophosphamide, followed by tacrolimus and 
mycophenolate mofetil. He developed grade II acute GVHD 
involving the skin, but successfully treated with 1 mg/kg 
of prednisolone (PDN). Although the patient once achieved 
second CR, the lymphoma relapsed at the left lung 6 months 

after haplo-PBSCT. Profiles of T cells in the peripheral 
blood after haplo-PBSCT were monitored according to the 
protocol approved by the Institutional Review Board of Hok-
kaido University Hospital, in accordance with the Declara-
tion of Helsinki.

Nivolumab was administered at a dose of 3 mg/kg on day 
200 posttransplant and every 2 weeks thereafter (Fig. 1). 
The patient was kept on tacrolimus and 5 mg of PDN to 
prevent GVHD relapse. Flowcytometric analysis performed 
prior to nivolumab injection showed that PD-1 expression 
was upregulated on  CD4+ and  CD8+ T cells in the periph-
eral blood (Fig. 1). After nivolumab administration, PD-1 
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Fig. 1  Clinical course and flowcytometric studies of PD-1 on T cells. 
Peripheral blood mononuclear cells isolated from the patient prior to 
nivolumab treatment (red histograms) or at indicated time point after 
nivolumab treatment (blue shaded) were stained with fluorochrome-
conjugated anti-PD-1 monoclonal antibodies (clone: EH12.1). Green-
shaded histograms indicate PD-1 staining on T cells from the healthy 
donor. PD-1 staining on  CD3+CD4+Foxp3− conventional  CD4+ 

T cells (Tconv),  CD3+CD4+Foxp3+ regulatory T cells (Treg), and 
 CD3+CD8+ T cells are shown. Numbers in the histograms indicate 
mean fluorescence intensity (MFI) of PD-1 staining. Red circles indi-
cate time points at which histograms were shown. PDN prednisolone, 
mPDN methylprednisolone, TAC  tacrolimus, ATG  anti-thymocyte 
globulin, RTx radiation therapy, T.bil total bilirubin
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staining on  CD4+ and  CD8+ T cells was completely blocked 
due to competition of common binding epitope of nivolumab 
and staining antibody (clone: EH12.1), confirming com-
plete blocking of PD-1 on T cells by nivolumab, as previ-
ously shown (Fig. 1) [2]. Nivolumab induced stable disease 
(SD). After being administrated with the seventh dose of 
nivolumab on day 284 posttransplant, the patient developed 
systemic skin rash, leading to cessation of nivolumab. The 
skin biopsy on day 287 showed interface dermatitis with 
lymphocyte infiltration, compatible with acute GVHD 
(Fig. 2a). Methylprednisolone (mPDN, 2 mg/kg) failed 
to ameliorate skin GVHD, and mPDN pulse therapy and 
subsequent anti-thymocyte globulin improved skin GVHD. 
Nonetheless, serum levels of bilirubin and transaminase 
increased. Liver biopsy on day 315 showed portal infiltra-
tion of  CD3+ T cells, cholestasis, and spotty necrosis, sug-
gestive of coexistence of acute GVHD and drug-induced 
lobular hepatitis, which are often seen in patients who 
received nivolumab after SCT (Fig. 2b, c) [3–5]. GVHD 
progressed to grade III with stage 3 liver involvement and 
was successfully treated with brentuximab vedotin targeting 
 CD30+ activated T cells, as previously shown [6]. Develop-
ment of GVHD induced a graft-versus-lymphoma (GVL) 
effect, and the patient achieved partial response (PR) on day 
318. However, CT scan on day 356 showed a new pancreatic 
lesion with regrowth of the lung lesion (Fig. 2d). Involved-
field radiation therapy (40 Gy/ 20 fr) administrated from 
day 367 to day 395 to the pancreatic lesion was effective but 

surprisingly the lung lesion also diminished, indicating that 
pancreatic irradiation evoked the abscopal effect (Fig. 2e) 
[7]. The patient achieved CR after subsequent 16 Gy radio-
therapy to the lung lesion. Flowcytometric analysis on day 
410 demonstrated that PD-1 staining on T cells remained 
to be completely blocked. However, PD-1 staining began to 
be restored on day 486 and completely restored on day 517 
after allogeneic SCT; it is 233 days from the last dose of 
nivolumab. The lung tumor relapsed on day 528 but chemo-
radiotherapies were not effective at all, and subsequently he 
died of lymphoma.

Discussion

This case represents highly refractory cHL against chem-
otherapies, brentuximab vedotin, autologous PBSCT, 
and even HLA haploidentical PBSCT. In this patient, 
nivolumab was a drug of last resort. However, treatment 
with PD-1 blockade after allogeneic SCT is often compli-
cated with severe, and steroid-refractory acute GVHD with 
frequent liver involvement [1, 8, 9]. It has been shown that 
a history of prior GVHD and shorter time from SCT to 
administration of nivolumab are risks of GVHD develop-
ment [1, 9]. Our patient had these risk factors and devel-
oped severe GVHD often seen in this setting. GVHD 
rapidly occurs usually after 1–2 cycles of PD-1 blockade 
[9]; however, GVHD develops after seventh cycles of 

Fig. 2  Pathological and radiological images. a H&E images of skin 
biopsy obtained on day 287 posttransplant demonstrated lymphocyte 
infiltration along the dermal–epidermal junction and vacuolar inter-
face dermatitis. Arrow heads indicate keratinocyte apoptosis. b, c 

Liver biopsy was performed on day 315. H&E image (b) and immu-
nohistochemical image targeting CD3 (c) demonstrated spotty necro-
sis and T cell infiltration. Arrow heads indicate spotty necrosis
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nivolumab in our patient. This delay appears to be due to 
concomitant administration of tacrolimus and low-dose 
PDN, suggesting that PD-1 blockade can be safely and 
effectively administered in high-risk patients for GVHD 
under low-dose immunosuppression. It is of note that the 
lymphoma remained to be SD for 3 months until the onset 
of GVHD, regressed after the onset of GVHD, and pro-
gressed after effective GVHD treatment, suggesting a link 
between nivolumab-related GVHD and GVL effects.

Although ATG is effective as GVHD prophylaxis, its 
effect as the salvage therapy for steroid-refractory GVHD is 
limited and more effective against skin GVHD compared to 
liver or gut GVHD, as observed in the current case [10, 11]. 
Brentuximab vedotin administrated after ATG was effective 
against liver GVHD. Since mPDN pulse, ATG, and bren-
tuximab vedotin were administrated for GVHD treatment, it 
is difficult to specify which agent induced tumor regrowth. 
It is worthy of note that abscopal effect was observed during 
brentuximab vedotin treatment, even though the patient’s 
lymphoma was primarily refractory against brentuximab 
vedotin, suggesting that brentuximab vedotin might ame-
liorate GVHD with preserving GVL effects. The impact of 
brentuximab vedotin on GVL effects should be tested in the 
future studies.

Tumor radiation could stimulate anti-tumor immunity 
by spreading tumor-associated antigens and danger signals, 
leading to enhancement of activation of anti-tumor T cells 
by antigen-presenting cells [7]. PD-1 blockade enhances this 
process and induced so-called abscopal effect. To our knowl-
edge, this is the first demonstration of abscopal effect by 
PD-1 blockade given after allogeneic SCT. Abscopal effect 
may be more potent after allogeneic SCT due to the presence 
of more antigens to be presented, including alloantigens in 
addition to tumor-associated antigens, and alloantigens are 
major targets of GVL effects [12].

Given the risks of devastating GVHD after PD-1 inhibi-
tors, lower doses and longer intervals of PD-1 inhibitor 
administration could be considered, but the optimal dose 
and schedule of PD-1 inhibitors after allogeneic SCT 
remain to be clarified [1]. While flowcytometric detection 
of nivolumab or pembrolizumab bound to T cells using anti-
IgG4 antibodies is useful to study immunological sequences 
after PD-1 blockade [13, 14], a recent study showed that 
monitoring of PD-1 staining blockade is more sensitive way 
to detect restoration of binding between PD-L1 and PD-1 on 
cell surface [2]. This study suggested an association between 
restoration of PD-1 staining and relapse of lung cancer 
[2]. In our case, nivolumab was effective when prolonged 
nivolumab binding was evident, but restoration of PD-1 
staining predicted tumor relapse. Furthermore, radiotherapy 
was only effective while persistent binding of nivolumab 
to T cells, suggesting that nivolumab enhanced radiation 
effect and abscopal effect. Administration of nivolumab 

immediately after flowcytometric detection of PD-1 stain-
ing may restore anti-tumor immunity.

In summary, flowcytometric monitoring of nivolumab 
binding on T cells could be a potential biomarker to predict 
nivolumab effect and help determining dose and schedule of 
PD-1 blockade in high-risk patients for GVHD and immune-
related adverse events, but this should be tested in the future 
clinical studies.
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