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Abstract

Checkpoint inhibitors have become a widely used and available immu-
notherapy option for treating a variety of malignancies, including he-
matological malignancies. Patients receiving these therapies may go on 
to receive a curative allogeneic hematopoietic stem cell transplant (allo-
HSCT). This presents a clinical challenge as the safety and efficacy of 
HSCT is not well reported in this subset of patients and residual pro-
grammed death-ligand 1 inhibition could potentially enhance alloge-
neic T-cell responses, improving the graft-versus-tumor effect, but also 
increasing the incidence and severity of immune complications such as 
graft-versus-host disease (GVHD). Here, this report includes a detailed 
literature review summarizing all available data on HSCT outcomes in 
the setting of using checkpoint inhibitor therapy pre-transplant. Moreo-
ver, we report a case of acute GVHD after allo-HSCT in a patient with 
high-risk myelodysplastic syndrome who received prior atezolizumab 
therapy, highlighting the importance of further research into this spe-
cific population in order to improve transplant-related outcomes.
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Introduction

Immunotherapy, using tumor-targeted monoclonal antibodies 

or checkpoint inhibitors (CPIs), has become a widely used and 
available option for treating a variety of malignancies. Prior re-
search has demonstrated that tumors expressing programmed 
death-ligand 1 (PD-L1) are able to inactivate cytotoxic T lym-
phocytes (CTLs) through engagement with inhibitory pro-
grammed death receptor-1 (PD-1) that are present on T cells 
leading to a reduction in cytokine production and proliferation 
of T cells. The process of disease progression is likely related to 
the up-regulation of PD-L1 expression allowing many cancers 
to evade the host immune response [1]. Atezolizumab, a PD-
L1 monoclonal antibody, has been shown to be efficacious in 
treating solid tumors (i.e. melanoma, colon cancer, renal cell 
carcinoma) and most recently, when used as front-line therapy 
in metastatic non-small cell lung carcinoma, lead to significant-
ly improved progression-free survival and overall survival [2]. 
Atezolizumab is currently being studied in many hematologic 
malignancies as well, though its overall efficacy is unknown. 
As there have been promising results in using both PD-L1 and 
PD-1 monoclonal antibodies to treat hematologic malignancies 
in early clinical trials, patients receiving these therapies may 
go on to receive a curative allogeneic hematopoietic stem cell 
transplant (allo-HSCT). This presents a clinical challenge as 
the safety and efficacy of HSCT is not well known in this sub-
set of patients and residual PD-L1 inhibition could potentially 
enhance allogeneic T-cell responses, improving the graft-ver-
sus-tumor effect, but also increasing the incidence and sever-
ity of immune complications such as graft-versus-host disease 
(GVHD) [3]. This article illustrates a case of patient receiv-
ing atezolizumab prior to allo-HSCT with subsequent immune 
complications which has never been reported.

Moreover, we aim to highlight the importance of consid-
ering a washout period between last treatment and the time of 
transplant, applying T-cell depleted methods (post-transplant 
cytoxan), and considering reduced intensity conditioning regi-
men to prevent GVHD and improve outcomes.

Case Report

A 69-year-old Korean man with a history of chronic obstruc-
tive pulmonary disease, diabetes and prostate cancer treated 
with prostatectomy and radiation in 2008 was diagnosed with 
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myelodysplastic syndrome, refractory anemia with excess blast 
(RAEB type1) in July 2017 when he presented with pancyto-
penia. The bone marrow biopsy obtained at that time showed 
6-9% blasts by morphology with normal conventional cytoge-
netics and fluorescence in situ hybridization (FISH) studies. 
Myeloid mutation panel showed multiple mutations (positive 
for SRSF2, RUNX1, ASXL1, STAG2 and a BRAF VUS). His 
Revised International Prognostic Scoring System (R-IPSS) 
score was estimated as high risk (4.95) and the patient was 
initiated on azacitidine treatment in September 2017. Unfortu-
nately, he progressed in February 2018 and thus was enrolled 
in a clinical trial studying guadecitabine and atezolizumab as 
combination therapy with clinical course complicated by multi-
ple hospital admissions for neutropenic fever. Subsequent bone 
marrow biopsy after four cycles showed response with < 5% 
blasts by morphology and the dose of guadecitabine was re-
duced to prevent neutropenic fever complications; however, he 
remained pancytopenic. After five cycles of treatment, given 
840 mg per cycle, with a total of seven atezolizumab doses 
(5,880 mg total), he received an allogeneic matched-unrelat-
ed donor peripheral blood stem cell transplant 10/12 permis-
sive DPB1 mismatch and reduced intensity conditioning with 
fludarabine and melphalan 27 days from his last dose of atezoli-
zumab. Plasma levels of atezolizumab were not assessed during 
the study, pre-, peri-, or post-transplant. He received tacroli-
mus on D-1 and methotrexate on D+1, D+3, D+6 and D+11 for 
GVHD prophylaxis. His post-transplant course was complicat-
ed by presumed engraftment syndrome empirically treated with 
steroids on D+9, acute kidney injury which resolved with fluids 
(however several tacrolimus doses were held), encephalopathy 
likely exacerbated by steroids, and biopsy-proven acute GVHD 
of the skin, gastrointestinal tract, and liver (liver stage 3, skin 
stage 2, gastrointestinal (GI) stage 3) that became steroid-re-
fractory (Figs. 1 and 2 of GI and liver biopsies, respectively). 
After aggressive therapy with budesonide, high-dose steroids, 
ruxolitinib and beta-human chorionic gonadotropin (HCG), the 

patient succumbed to the complications of his disease after be-
ing found to have disseminated mucormycosis.

Discussion

In the era of immunotherapy, where CPIs are increasingly be-
ing used to treat aggressive hematologic malignancies, more 
data on the outcomes of these patients that eventually un-
dergo allo-HSCT are becoming available. An increased risk 
of GVHD with prior exposure to CPIs has been observed and 
the FDA has subsequently issued label warnings for the use of 
allo-HSCT after previous PD-1 blockade [4]. Less is known 
about PD-L1 inhibitors, specifically atezolizumab, though the-
oretically, the same complications would occur. GVHD, un-
fortunately, remains a major cause of morbidity and mortality 
following allo-HSCT. Despite current prophylactic strategies, 
approximately 40-60% of all HSCT recipients may still de-
velop acute GVHD, though currently numbers have been im-
proving, and 20-50% will develop chronic GVHD [5]. At this 
time, corticosteroids are the only standard initial treatment and 
response rates are as low as 40-60% though many alternative 
therapies are currently being studied. The increased utilization 
of CPIs in hematologic malignancies, specifically in Hodgkin’s 
lymphoma, is associated with increased incidence and severity 
of GVHD in these patients that proceed to allo-HSCT, with 
acute GVHD rates remaining high at 56% and mortality risk 
at 11%, higher than the reported 8-10% in the general HSCT 
population [5]. The etiology is thought to be due to residual 
PD-1 inhibition peri- and post-HSCT leading to enhancement 
of allogeneic T-cell responses which may augment graft versus 
tumor (GVT) effect but also increase the incidence of GVHD 
which has been demonstrated in animal models [6].

In a review of the literature, several studies have con-
firmed these findings. Most recently, Ijaz et al [7] performed a 

Figure 1. Colonic tissue with features of graft-versus-host disease. His-
tologic section of a colonic biopsy shows extensive crypt cell apoptosis, 
crypt destruction and dropout with focal mucosal necrosis and epithe-
lial denudation. Black arrows indicate most prominent single-cell crypt 
apoptosis (hematoxylin-eosin, original magnification, × 200).

Figure 2. Liver tissue with features of graft-versus-host disease. Histo-
logic section of a core liver biopsy shows mixed portal inflammatory in-
filtrates composed of neutrophils, lymphocytes and occasional plasma 
cells. There is extensive bile duct injury and interface hepatitis. Black 
arrows indicate damaged bile ducts (hematoxylin-eosin, original mag-
nification, × 200).
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meta-analysis evaluating GVHD risk pre- and post-allo-HSCT 
that included 107 patients who received CPI before undergo-
ing allo-HSCT. Ninety-one patients received nivolumab for a 
median of 4 to 11 cycles, 11 patients received pembrolizumab 
for eight cycles and eight patients received four cycles of ip-
ilimumab. High rates of hyperacute (7%), acute (56%) and 
chronic (29%) GVHD were observed, and of the 20 reported 
deaths, 60% were GVHD-related with an overall mortality risk 
from GVHD at 11%, higher than reported incidences; how-
ever, statistical significance was not established. In comparing 
the studies with shorter median intervals (30 days or less) with 
longer intervals (40 days or more), the incidence of GVHD 
was 60% compared with 70% respectively; however, the lim-
ited number of patients in each group was noted [7].

Most other abstracts and studies [8-11] that have evalu-
ated CPIs prior to HSCT concluded that CPI use prior to 
HSCT may contribute to the increased risk of acute GVHD 
and although Schoch et al [8] did not note any deaths from 
GVHD, they did state that patients that received their last CPI 
dose within 90 days of transplant may have an increased risk 
of GVHD (Supplementary Material 1, www.wjon.org). Of 
note, only three studies documented the GVHD prophylaxis 
that was used, which is imperative to discuss, as the specific 
therapy of GVHD prophylaxis may be important in this set-
ting. Historically, T-cell depletion (TCD) was used as a tech-
nique to reduce GVHD combined with positive CD34 stem 
cell selection and “mega dose” infusion; however, issues with 
immune reconstitution and increased rates of infections and re-
lapse were observed [12, 13]. Subsequently, high-dose, single 
agent post-transplant cyclophosphamide (PTCY) was found to 
be effective as GVHD prophylaxis and is now standardly used, 
especially in the setting of haplo-identical [14]. More recently, 
Ikegawa et al investigated the mechanism of PD-1 blockade 
in GVHD and how PTCY may impact this process in murine 
models [15]. They found that inhibited PD-1 signaling led to 
increased and enhanced expansion of CD4+ T cells and unfor-
tunately, Treg cells were unable to support the expansion due 
to increased apoptosis, resulting in deficiencies in the immune 
recovery, allowing for development of severe GVHD. Using 
PTCY on day +3 after transplantation in mice, it was noted 
that CD4+ T cell populations were decreased with increased 
Treg populations in the first 2 weeks compared with mice that 
did not receive PTCY, allowing for a well-balanced immune 
reconstitution and less GVHD [15]. This study provided in-
sight in how PTCY may be beneficial as a method of GVHD 
prophylaxis in patients who received prior PD-1 blockade.

Nieto et al [16] performed a prospective study of 12 pa-
tients with various lymphoproliferative neoplasms who re-
ceived prior anti-PD-1 therapy and were to undergo allo-HSCT 
from a matched related or unrelated donor. The study aimed 
to evaluate the differences in immune response during allo-
HSCT between those that had received previous nivolumab 
therapy and those that did not in addition to evaluating the role 
of PTCY as GVHD prophylaxis in this setting. The six patients 
who were exposed to nivolumab prior to transplant received a 
median of 8.5 doses with a median time of 84 days between 
last dose and transplant. Three out of the six patients received 
standard GVHD prophylaxis with tacrolimus/sirolimus and all 
of them developed grade 3-4 acute GVHD compared with the 

other three patients who received PTCY as GVHD prophylax-
is. In the control groups, one from each group had developed 
grade 2 acute GVHD. However no other patients developed 
grade 3-4 disease. Furthermore, nivolumab levels were tested 
on day +21 after HSCT in conjunction with an evaluation of 
changes in T-cell repertoire by flow cytometry. Investigators 
found that the residual nivolumab can be detected as late as 56 
days after allo-HSCT and in those that received nivolumab and 
standard GVHD prophylaxis, the T-cell repertoire was altered 
suggesting immune activation was present and thus explains 
the development of acute GVHD in these patients when com-
pared with those that did not receive nivolumab previously. In 
addition, those that received nivolumab and PTCY had a simi-
lar T-cell repertoire to those that had not received nivolumab 
previously and PTCY for GVHD prophylaxis suggesting that 
previous nivolumab exposure has little effect on PTCY. Both 
nivolumab-exposed groups were compared as well and a high-
er CD4+/CD8+ ratio, higher proportion of CD4+ and CD8+ ef-
fector memory T cells, lower percentage of IFN-γ-producing 
T cells with an attenuated Th1 response and decreased propor-
tion of classical monocyte were seen in the PTCY group which 
may explain why acute GVHD was not observed in this group.

Although PTCY for GVHD prophylaxis is more stand-
ardly used in haplo-identical transplant, its role in matched 
unrelated and related allo-HSCT is not as ubiquitous [17, 18]. 
PTCY in this setting, however, has been studied with find-
ings suggesting PTCY after MAC is suitable for single-agent 
prophylaxis against GVHD [14] and specifically in the setting 
of CPI use prior to allo-HSCT, this approach may be preferable 
as demonstrated in Nieto et al [16].

In summary, CPI therapy has become increasingly more 
widespread as its efficacy in treating various malignancies is 
now better established; however, it has been associated with 
increased incidence and severity of GVHD. The time between 
the last dose of CPI and allo-HSCT, in addition to the use of 
PTCY for GVHD prophylaxis, may be important factors af-
fecting the outcomes of these patients. Our case is the first re-
ported case of acute GVHD after allo-HSCT in a patient who 
received prior atezolizumab therapy, highlighting the impor-
tance of further research in this specific population in order to 
improve transplant-related outcomes.

Supplementary Material

Suppl 1. A Summary of Abstracts and Studies That Have Eval-
uated Checkpoint Inhibitors Prior to Allogeneic Hematopoi-
etic Stem Cell Transplant.
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