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Abstract

Relapsed/refractory diffuse large B-cell lymphomas (R/R DLBCLs)
have an extremely poor prognosis, with no established salvage chem-
otherapy currently available. Polatuzumab, rituximab, and benda-
mustine combination therapy (Pola-BR) has been approved as a new
therapeutic option for R/R DLBCL. Recently, chimeric antigen recep-
tor T-cell therapy and bispecific antibodies have induced long-term
remission in many patients with R/R DLBCL. However, allogeneic
transplantation remains potentially curative for patients unresponsive
to the abovementioned treatments. While allogeneic transplanta-
tion can also cause various adverse events, hemorrhagic cystitis is
a particularly severe complication that requires effective prevention
strategies. Here, we report two cases of severe BK virus-associated
hemorrhagic cystitis (BKV-HC) that developed after successive cord
blood transplantation with myeloablative conditioning and Pola-BR
treatment for early-relapsed DLBCL. Both patients received Pola-BR
after undergoing multiple salvage therapies and developed early-on-
set BKV-HC post-transplant, demonstrating the effects of Pola-BR
and myeloablative conditioning. We analyzed the shared character-
istics between these two cases to distinguish between the factors that
trigger the onset of BKV-HC and those that contribute to its severity.
Based on the differences in the clinical course between the two cases,
we propose prevention strategies for BKV-HC and identify treatment
strategies for Pola-BR in patients with R/R DLBCL undergoing al-
logeneic transplantation.

Keywords: BK virus; Hemorrhagic cystitis; Allogeneic transplanta-
tion; Pola-BR; Polatuzumab; Relapsed/refractory diffuse large B-cell
lymphoma

Manuscript submitted December 9, 2024, accepted January 18, 2025
Published online January 25, 2025

#Department of Hematology, Tokyo Metropolitan Tama Medical Center, Fu-
chu City, Tokyo, Japan

bCorresponding Author: Masao Tsukada, Department of Hematology, Tokyo
Metropolitan Tama Medical Center, Fuchu City, Tokyo 183-8524, Japan.
Email: masao_tsukada@tmhp.jp

doi: https://doi.org/10.14740/jh2010

Introduction

Polatuzumab vedotin in combination with rituximab, cyclo-
phosphamide, doxorubicin, and prednisone (Pola-R-CHP) has
been proven effective for initial diffuse large B-cell lymphoma
(DLBCL) treatment and is now considered standard therapy for
DLBCL [1]. However, treatment-resistant and early-relapsed
DLBCLs have an extremely poor prognosis [2]. Several sal-
vage chemotherapy regimens for relapsed/refractory DLBCL
(R/R DLBCL) have been established, including polatuzumab-
rituximab-bendamustine combination therapy (Pola-BR) [3],
rituximab plus gemcitabine, dexamethasone, and cisplatin (R-
GDP), cyclophosphamide, cytarabine, etoposide, dexametha-
sone, and rituximab (CHASER), and rituximab, ifosfamide,
carboplatin and etoposide (R-ICE). However, no effective
chemotherapeutic regimen has been established [4]. Although
outcomes have improved with the advent of chimeric antigen
receptor (CAR) T-cell therapy [5-7] and bispecific antibodies,
such as epcoritamab [8], allogeneic transplantation remains
a potentially curative option for DLBCL with inadequate or
poor treatment response. Achieving deep remission prior to
allogeneic transplantation is crucial for improving outcomes.
However, allogeneic transplantation can cause various adverse
events, such as graft-versus-host disease (GVHD), and has a
high non-relapse mortality rate [9, 10]. Hemorrhagic cystitis
(HC) is a severe complication of allogeneic transplantation
that causes decreased activities of daily living, prolonged hos-
pitalization, and even fatal complications. HC can be either
early-onset HC, which is caused by direct bladder mucosal
damage from conditioning regimens, or late-onset HC, which
is primarily due to viral causes. Viruses that commonly cause
HC include adenovirus, BK virus, and JC virus, with BK vi-
rus-associated hemorrhagic cystitis (BKV-HC) occurring in
7-54% of adult transplant recipients [11]. Symptoms include
microscopic hematuria, with some cases requiring bladder irri-
gation, and more severe cases can cause decreased renal func-
tion, reduced overall survival, and increased treatment-related
mortality [12, 13]. No evidence-based treatments are currently
available, making the prevention of onset and progression of
BKV-HC an important challenge [14].

Here, we report two cases of early-onset BKV-HC fol-
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lowing allogeneic transplantation after Pola-BR therapy for
R/R DLBCL. Few cases treated with Pola-BR before allo-
geneic transplantation have been reported, and the impact of
this chemotherapeutic regimen on transplantation remains un-
known. In the present cases, the development of early-onset
BKV-HC after Pola-BR therapy indicates its potential influ-
ence. To the best of our knowledge, no reports of BKV-HC
following Pola-BR therapy have been published. We analyzed
common factors between the two cases, which included the
implementation of cord blood transplantation with myeloab-
lative conditioning, cytomegalovirus (CMV) infection, and
acute GVHD (aGVHD), to distinguish between factors trig-
gering BKV-HC onset and those contributing to its severity.
Based on the differences in the clinical course between the
cases, we subsequently propose prevention strategies for both
the development and progression of BKV-HC, as well as treat-
ment strategies for Pola-BR administration prior to allogeneic
transplantation.

Case Reports

Case 1

A 49-year-old Asian woman presented with lower abdominal
pain in May 2020 and ascites in July 2020. Ultrasound exami-
nation revealed enlargement of the greater omentum and ova-
ries. In September, omental biopsy confirmed germinal center
B-cell like DLBCL cStage IV (intra-abdominal mass, ovarian
involvement, and ascites). Rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP) therapy
was initiated on September 15, 2020. Positron emission to-
mography/computed tomography (PET/CT) conducted after
six treatment cycles on February 28, 2021, revealed progres-
sive metabolic disease (PMD) with new uptake in the perihe-
patic and perisplenic regions, left subdiaphragmatic area, left
paracolic gutter, and intestinal wall. Second-line CHASER
was started on April 1, 2021, but a computed tomography (CT)
scan after one cycle showed progressive disease (PD). Third-
line R-GDP was administered for two cycles from April 21;
however, PET/CT revealed PMD. Fourth-line Pola-BR was
initiated on June 7. Because of the continuous increase in lac-
tate dehydrogenase (LDH) during treatment, the disease was
assessed as PD, and the patient was scheduled for allogeneic
transplantation (CAR-T cell therapy was not covered by the
Japanese National Insurance System at that time). The planned
graft source was umbilical cord blood. The human lymphocyte
antigen (HLA) typing showed two locus mismatches: one at
locus A and one at locus B with 6/8 HLA match. The total
nucleated cell count and CD34" cell count were 1.69 x 107/kg
and 0.74 x 105/kg, respectively.

Total abdominal radiation therapy (20 Grays) was ad-
ministered from June 17 to July 1. CT performed on July 15
showed a partial response (PR). Rituximab, cladribine, mitox-
antrone, and dexamethasone (R-CMD) therapy was initiated
on July 21, followed by myeloablative conditioning (fludara-
bine 30 mg/m? + busulfan 3.2 mg/kg + cyclophosphamide 60
mg/kg) during the bone marrow suppression period. Subse-

quently, the patient experienced fever and epigastric pain and
was diagnosed with CMV gastroenteritis on August 2 based
on C7-HRP positivity (520/50,000 cells). Treatment with gan-
ciclovir 10 mg/kg was started on August 4, which improved
symptoms. Letermovir 240 mg/day was initiated for prophy-
laxis on August 12, followed by cord blood infusion later on
the same day.

Gross hematuria appeared on day 4, and BKV-HC was
diagnosed based on BKV positivity (urinary BKV DNA quan-
tification on day 7 was 5.0 x 107 copies/mL). Engraftment
was observed on day 19. Although urinary BKV DNA levels
decreased by day 27 (2.8 x 107 copies/mL, BKV negative in
blood), BKV-HC worsened following the onset of aGVHD
grade II (skin 3, gut 0, liver 1) on day 29. Cidofovir (CDV) 1
mg/kg/day was administered on the same day three times per
week. BKV-HC symptoms were alleviated with the improve-
ment in aGVHD, and CT on day 38 showed improvement in
the left renal pelvis, ureter dilation, and bladder wall thicken-
ing. However, diuretic-resistant weight gain emerged, prompt-
ing hydrocortisone treatment (50 mg twice daily) for suspected
aGVHD. The patient subsequently developed jaundice (total
bilirubin (T-bil) 2.6 mg/dL), > 5% weight gain, ascites, and up-
per abdominal pain, all of which met the diagnostic criteria for
classical sinusoidal obstruction syndrome (SOS). Defibrotide
was initiated on day 41 for late-onset SOS. On day 44, aGVHD
worsened to grade III (skin 3, gut 1, liver 2) concurrent with
SOS, thereby requiring first-line treatment with prednisolone
(PSL) 1 mg/kg/day. CDV was discontinued on day 46 after
adequate urine output was achieved with the improvement in
aGVHD. Urinary BKV DNA on day 48 was 2.3 x 107 copies/
mL (blood BKV DNA 2.9 x 103 copies/mL).

PSL treatment improved aGVHD, and cyclosporine was
gradually discontinued. However, increasing T-bil levels in-
dicated recurrent aGVHD. During this period, lymphocyte
counts were low, with decreased absolute numbers and pro-
portions of CD4" and CD8" T cells (Fig. 1a, b). Cyclosporine
treatment was resumed on day 62, and second-line treatment
with allogeneic bone marrow-derived mesenchymal stem cells
was initiated (days 63, 67, 71, and 74). However, because of
insufficient therapeutic response, the PSL dose could not be
reduced, and BKV-HC worsened (day 64: urinary BKV DNA
quantification 5.0 x 107 copies/mL; blood BKV DNA 2.9 x
103 copies/mL).

On day 74, the patient was diagnosed with thrombotic mi-
croangiopathy based on increased predominantly direct bili-
rubin, hypertension, increased blood urea nitrogen, increased
reticulocytes, presence of schistocytes (2.3%), transfusion-
refractory thrombocytopenia, and decreased haptoglobin.
Subsequently, cyclosporine administration was discontinued.
CDV was restarted to treat BKV-HC on day 76, and steroid
therapy was escalated to methylprednisolone (mPSL) at 2 mg/
kg/day on day 77 to address worsening aGVHD. Although
the mPSL dose was increased, T-bil and LDH continued in-
creasing, prompting mPSL pulse therapy (1 g/day), which was
administered on days 82 - 85. Nevertheless, BKV-HC con-
tinued to worsen. Although the LDH level stabilized follow-
ing steroid pulse therapy, it increased to 1,169 U/mL on day
87, indicating DLBCL relapse based on the clinical course.
Subsequently, ascites increased and urine output decreased
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Figure 1. (a) Changes in white blood cell and lymphocyte counts, with day 0 representing the day of infusion. Lymphocyte counts
decreased after day 50 when acute graft-versus-host disease (GVHD) worsened again. (b) Lymphocyte subsets, where CD4* T
cells are CD3*CD4*CD8, CD8* T cells are CD3*CD4CD8*, B cells are CD19*CD20*, and natural killer cells are CD3CD16*CD56*/
CD3CD16CD56*. CD4* T cells were particularly low on day 57 when acute GVHD worsened. (c) Clinical course of the case, with
day 0 indicating the day of infusion. BKV-HC: BK virus-associated hemorrhagic cystitis.

because of deteriorating renal function, leading to death on
day 89 (Fig. 1c).

Case 2

A 41-year-old Asian man was diagnosed with Epstein-Barr vi-
rus (EBV)-positive DLBCL stage IV (lymph nodes above and
below the diaphragm, peritoneum, bone, and spleen) in No-
vember 2020. He underwent two cycles of R-CHOP from De-
cember. A CT scan performed after the second cycle showed
stable disease. Second-line R-GDP was initiated in February
2021. CT performed after two cycles of R-GDP revealed PR.
When the patient tested negative for EBV DNA, R-GDP was
continued for four cycles. PET/CT in June 2021 showed com-
plete metabolic response (CMR).

In June 2022, elevated serum soluble interleukin-2 recep-
tor (sIL-2R) levels indicated disease recurrence. Because of
EBV-positive DLBCL, the patient was ineligible for CAR-T
cell therapy and was thus initially planned to undergo autolo-
gous transplantation. Third-line CHASER was initiated in
November, with CT showing PR after two cycles. Peripheral

blood stem cell harvest (PBSCH) was performed in Febru-
ary 2023 after the third CHASER cycle; however, the disease
progressed during the fourth cycle (sIL-2R 43,886 U/mL).
Because of lymphoma infiltration, as confirmed by bone mar-
row biopsy, and potential tumor contamination of the PBSCH
product, the treatment plan was changed to allogeneic trans-
plantation. The planned graft source was umbilical cord blood.
The HLA typing showed two locus mismatches: one at locus A
and one at locus DR with 6/8 HLA match. The total nucleated
cell count and CD34" cell count were 1.85 x 107/kg and 0.91
x 10°/kg, respectively. Fourth-line Pola-BR was initiated in
April. After confirming CMR by PET/CT following the third
cycle, four cycles of Pola-BR were completed.

Following myeloablative conditioning with total body
irradiation (12 Grays) + cytarabine 3 g/m? + cyclophospha-
mide 60 mg/kg starting on June 27, cord blood was infused
on July 6. On day 5, urinalysis showed occult blood positiv-
ity, and subsequent positive urinary BKV led to the diagnosis
of BKV-HC. Gross hematuria worsened on day 21, and CDV
was initiated at 1 mg/kg/day three times per week on day 25.
Despite deteriorating renal function following initiation, CDV
treatment was continued. Engraftment occurred on day 33,
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Figure 2. (a) Changes in white blood cell and lymphocyte counts, with day 0 representing the day of infusion. Lymphocyte counts
were lower than those in case 1. (b) Lymphocyte subsets. The absolute numbers of CD4* T cells and CD8* T cells were lower
than those in case 1. (c) Clinical course of the case, with day 0 representing the day of infusion. Creatinine levels increased with

the worsening of acute GVHD on day 40.

and CDV was discontinued on day 34 because of elevated
creatinine levels (1.79 mg/dL). Subsequently, renal function
improved. Diuretic-resistant weight gain was observed on day
40, accompanied by worsening BKV-HC. Hydrocortisone
(100 mg/day) was administered for aGVHD on day 47, and
CDV for BKV-HC was resumed on day 54. During this period,
lymphocyte counts were low, with decreased absolute numbers
and proportions of CD4" and CD8" T cells (Fig. 2a, b). On
day 59, renal function and BKV-HC worsened, which required
increasing the hydrocortisone dosage to 100 mg twice daily
for aGVHD and the initiation of bladder irrigation. However,
renal function continued to deteriorate, and the patient died of
BKV-HC complications on day 73 (Figs. 2¢ and 3a, b).

Discussion

We encountered two cases of severe BKV-HC following al-
logeneic transplantation after successive salvage therapy that
included Pola-BR for R/R DLBCL. Both cases developed
BKV-HC in the early post-transplant period. Based on their
common features, we categorized the factors into triggering
factors (Pola-BR and myeloablative conditioning) and sever-
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ity factors (cord blood transplantation, CMV infection, and
aGVHD). Among the triggering factors, bendamustine is a
cytotoxic combination drug that exhibits alkylating and pu-
rine analog activities [15]. It delays the recovery of T-cell
numbers, particularly CD4" T cells [16], increasing the risk
of viral infections, with late-line use carrying a higher risk
[17]. Both cases underwent Pola-BR as fourth-line therapy.
Because non-T-cell purging is a known risk factor for BK'V-
HC [18], polatuzumab may have contributed to the develop-
ment of BKV-HC. However, no reports have been published
on the association between BKV-HC and Pola-BR. There-
fore, we suspect that myeloablative conditioning further
contributed to BKV-HC development. Myeloablative condi-
tioning is a known risk factor for BKV-HC [19-24] because
it causes high-dose drug-induced mucosal damage and pro-
longs time to engraftment due to intense immunosuppres-
sion. The conditioning intensity increases the risk of early
(pre-engraftment) BKV-HC. The combination of Pola-BR
and myeloablative conditioning likely triggered early BKV
reactivation and subsequent HC. Cord blood transplantation,
CMYV infection, and aGVHD were identified as severity fac-
tors. While meta-analysis demonstrated that umbilical cord
blood stem cell transplantation did not affect the incidence
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Day -41 (May 5, 2023)

Day 63

Figure 3. (a) Findings after the completion of three courses of Pola-BR. No abnormal findings were observed in the kidneys. (b)
Heterogeneous high-intensity areas in the bladder, indicating hemorrhage and blood clots (arrow). Dilation of the renal pelvis
(white arrowhead) and increased density of perirenal fat tissue (black arrowhead) were observed. These findings indicate that

the BK virus infection had spread from the bladder to the kidneys.

of BKV-HC [24], some studies have reported that cord blood
transplantation carries a higher risk of viral infections than
other stem cell sources and increases BKV reactivation risk
[13, 25]. A longer time to engraftment can worsen BKV-HC
if it develops pre-engraftment. Cord blood transplantation is
a high-risk factor for CMV infection due to CMV-negative
cord blood. The association between CMV and BKV-HC is
well documented [22, 23, 26], with CMV being a possible
contributor to BKV DNA replication [27]. Both cases showed
persistent CMV antigenemia post-engraftment, potentially
contributing to BKV-HC severity. aGVHD is also a known
risk factor for BKV-HC [22, 24]. Viral infections themselves
can worsen aGVHD and potentially worsen BKV-HC sever-
ity. In both cases, BKV-HC worsened during GVHD onset,
resulting in renal dysfunction.

The two cases differed significantly in disease progres-
sion. Although case 2 maintained a complete response (CR)
to treatment, his BKV-HC was more severe than that in case
1, which resulted in death. CD4" T-cell recovery in cord blood
transplantation is slower than in other scenarios, potentially
affecting both the quantitative recovery and functional matura-
tion of CD8" T cells. Case 2 showed lower white blood cell
and lymphocyte counts than case 1, with notably marked de-
creases in both CD4* and CD8* T cells. In case 2, the reduction
in CD4* T cells likely diminished the CD8" T-cell responsive-
ness against BKV, potentially leading to more severe BKV-HC

[28]. Furthermore, the decrease in absolute CD4" T-cell counts
may have caused a relative reduction in regulatory T cells, in-
dicating that worsening aGVHD further exacerbated BKV-HC
severity. Certainly, when using Pola-BR before transplantation
and increasing the intensity of the conditioning regimen, vari-
ous viruses including herpes simplex virus, varicella-zoster vi-
rus, and CMV may tend to reactivate. However, unlike CMV,
for which preventive medication is available, BKV lacks
prophylactic options and is reactivated early, leading to HC.
Early BKV-HC may further exacerbate other post-transplant
complications. Through our cases, we believe it is important
to consider the impact of Pola-BR on BKV-HC in allogeneic
transplantation. Given the observational nature of this study,
there remains uncertainty regarding risk and causality. Further
investigation, particularly through a retrospective case-control
study, is warranted to establish whether polatuzumab treatment
is causally associated with an increased risk of severe HC.
Based on the findings, we propose a new treatment strat-
egy for preventing severe BKV-HC, as observed in case 2. Re-
garding triggering factors, while Pola-BR increased the risk of
BKV-HC, replacing it was not feasible since it had effectively
achieved CR. However, considering the conditioning intensity,
since CR was achieved, applying reduced-intensity condition-
ing instead of myeloablative conditioning could have lowered
the risk and potentially prevented early post-transplant BKV-
HC. Of the severity factors, cord blood transplantation should
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have been avoided as the stem cell source, particularly consid-
ering the risk of CMV coinfection. While bone marrow bank
donors would be preferable alternative sources because of
earlier engraftment and lower viral infection risk, the waiting
period reduces their feasibility, given the disease progression
of R/R DLBCL. Furthermore, the higher risk of exacerbating
BKV-HC severity posed by aGVHD than that by cord blood
transplantation needs to be considered. Therefore, if time con-
straints preclude waiting for a bone marrow donor, haploi-
dentical transplantation might be a feasible alternative, given
its rapid engraftment and lower aGVHD risk and despite its
known risk of BKV reactivation [24].

Even with the diversity of treatment options in the cur-
rent era, including bispecific antibody therapy and CAR-T cell
therapy, allogeneic transplantation remains a viable therapeutic
option for R/R DLBCL. Although treatments for post-transplant
BKV-HC exist, such as CDV [29], no standardized treatment
protocol has been established [14]; thus, prevention of BKCV-
HC occurrence and severity is crucial. In particular, early post-
transplant BKV-HC development, combined with the presence
of severity factors, is expected to worsen prognosis. Our analysis
of the triggering and severity factors in these cases may facilitate
the development of effective strategic approaches for Pola-BR
administration in allogeneic transplantation for R/R DLBCL.

Conclusion

Successive Pola-BR therapy and myeloablative conditioning
for cord blood transplantation for R/R DLBCL can trigger
early post-transplant BKV reactivation and cause severe HC.
By analyzing these cases, we identified the factors that trig-
gered BKV-HC and those that contributed to its severity. Thus,
this case report demonstrates the importance of reducing both
the occurrence and severity of BKV-HC while identifying new
treatment strategies for R/R DLBCL.

Learning points

Pola-BR and myeloablative conditioning regimens pose sig-
nificant risk factors for the development of early post-trans-
plant BKV-HC.
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