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Abstract

Treatment-related second malignancies (SMs) remain a major con-
cern in long-term survivors of Hodgkin lymphoma (HL). In this
report, the autopsy findings of a patient with HL, who was in com-
plete remission after chemotherapy but expired of pulmonary tumor
thrombotic microangiopathy (PTTM) caused by urothelial carci-
noma of the renal pelvis (UCRP), were described. A 78-year-old
Japanese man with a history of classical HL developed irreversible
heart failure about 2.5 years after chemotherapy. The patient ex-
pired shortly after being admitted due to ineffective treatment for
heart failure. However, the cause of death was not determined. The
patient’s autopsy findings revealed UCRP in the left kidney, as well
as infiltration around the inferior vena cava and lungs, but no HL
recurrence. The primary causes of mortality were respiratory and
heart failure due to PTTM. Therefore, it is essential to consider the
risk of SMs and search for them in patients with HL after chemo-
therapy.
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Introduction

Classical Hodgkin lymphoma (HL) can be cured in up to 90%
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of patients [1]. Nevertheless, second malignancies (SMs)
[2-8] and doxorubicin-related cardiac toxicity have been re-
ported as causes of late-onset mortality after chemotherapy
[9]. This report presented the autopsy findings of a patient
with HL who maintained complete remission after chemo-
therapy for 2.5 years but developed irreversible heart and
respiratory failure due to pulmonary tumor thrombotic mi-
croangiopathy (PTTM) with urothelial carcinoma of the re-
nal pelvis (UCRP). Metastatic urothelial carcinoma has been
historically associated with poor prognosis. Recently, Rizzo
et al reported that immune checkpoint inhibitors (ICIs) have
response in these some selected patients [10-12]. However
unfortunately, UCRP was not diagnosed in this patient until
the patient expired.

Case Report

A 75-year-old Japanese man came to the hospital of the cur-
rent study for a checkup of the right inguinal lymph node that
had swollen 2 months earlier and was causing night sweating
but no fever or weight loss. A biopsy of the right inguinal
lymph node revealed that the patient had classical HL. Fluoro-
deoxyglucose positron emission tomography (FDG-PET) re-
vealed accumulations in the enlarged bilateral axillary and
inguinal lymph nodes, surrounding the abdominal aorta and
spleen, and in the bone marrow of the spine and right femur
(Fig. 1a). It was classified as clinical stage IVB because HL
invasion was detected in the bone marrow. After the first ad-
mission (day 0), the patient was given doxorubicin, bleomy-
cin, vincristine, and dacarbazine (ABVD). The pretreatment
ejection fraction was 52%, and it gradually decreased with
therapy despite the reduction in doxorubicin (Fig. 2). After
the fifth course of ABVD (day 162), FDG-PET revealed re-
sidual disease in the left axillary lymph nodes (Fig. 1b). Fur-
thermore, the ejection fraction had declined to 46% on day
183 (Fig. 2), and a computed tomography (CT) scan revealed
ground-glass opacity in both lungs. On day 211, the therapy
was switched to brentuximab vedotin. The total doxorubicin
dose up to this time was 226 mg/m?. The patient achieved
complete remission after the fourth course of brentuximab
vedotin, as detected by FDG-PET on day 281 (Fig. 1c). On
day 973, the patient developed heart failure with a low ejec-
tion fraction (22%) and was diagnosed with angina pectoris.
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Figure 1. Fluorodeoxyglucose-positron emission tomography findings in the patient during HL treatment. FDG-PET: fluorodeox-

yglucose-positron emission tomography; HL: Hodgkin lymphoma.
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Figure 2. Patient’s clinical course. ABVD: doxorubicin, bleomycin, vincristine and dacarbazine; EF: ejection fraction; TR: tricuspid
regurgitation.
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Consequently, he was given angiotensin-I-converting enzyme
inhibitor, antiplatelet therapy, and diuretics, and then allowed
to go home. On day 1,206, the patient was readmitted to the
hospital with heart failure.

Medical history of previous illness

The patient had previously received treatment for hypertension
and diabetes mellitus as well as chemotherapy for HL.

Personal and family history

The patient had smoked for 20 years.

Physical examination upon admission

The patient’s height and weight were 158.1 cm and 62.8 kg,
respectively. Moreover, his blood pressure and heart rate were
156/99 mm Hg and 100 bpm, respectively. His level of con-
sciousness was normal, and a third heart sound was heard on
auscultation. Furthermore, he presented with pretibial edema
and carotid artery distension.

Laboratory investigations and imaging

Compared to earlier X-ray findings taken on days 0 and 210,
chest X-rays on 210 day revealed significant cardiomegaly. On
day 1,208, echocardiography revealed a marked rise in tricus-
pid regurgitation (TR) velocity (3.36 m/s) and a low ejection
fraction (31%; Fig. 2). Moreover, laboratory results upon ad-
mission revealed elevated brain natriuretic peptide (662.2 pg/
mL) and D-dimer (16.06 pg/mL) levels, as well as poor glyce-
mic control (Table 1).

Treatment

After admission, the patient was given tolvaptan on day
1,208. A contrast-enhanced chest CT revealed pulmonary ar-
tery thromboembolism (Fig. 3a), without abnormal findings
in the kidneys (Fig. 3b). Based on these findings, apixaban
was given as thrombolytic therapy. The patient was also giv-
en heparin and rivaroxaban on day 1,269, due to an elevated
D-dimer level (96.01 pg/mL). Despite these treatments, the
patient’s general condition deteriorated, and he eventually
expired on day 1,269.

Autopsy findings

The hematoxylin and eosin (H&E)-stained section findings
revealed no HL recurrence but invasive urothelial carcinoma
with high-grade dysplasia (latent cancer) in the left renal pelvis
(Fig. 4a-c), as well as infiltration around the inferior vena cava,

Table 1. Laboratory Findings Upon Admission on Day 1,208

Laboratory findings Results
Hematology
WBCs 6,100/uL
RBCs 355 x 10%/uL
Hemoglobin 11.0 g/dL
Hematocrit 34.2%
Platelet 24.6 x 10%/uL
Segmented neutrophils 79.7%
Lymphocytes 13.8%
Monocytes 5.2%
Eosinophils 1.0%
Basophils 0.3%
Coagulation
PT INR 1.19
APTT 39.2s
D-dimer 16.06 png/mL
Biochemistry
CRP 0.36 mg/dL
TP 6.9 g/dL
Alb 3.9 g/dL
AST 49 IU/L
ALT 33 IU/L
LDH 298 IU/L
ALP 246 IU/L
yGTP 63 TU/L
Total bilirubin 0.7 mg/dL
BUN 21.5 mg/dL
Cre 1.01 mg/dL
UA 5.8 mg/dL
BS 327 mg/dL
HbAlc 8.90%
BNP 662.2 pg/mL
TG 92 mg/dL
HDL 71 mg/dL
LDL 54 mg/dL
Serology
IL-2R 443 U/mL
1gG 1,095 mg/dL
IgA 289 mg/dL
IgM 61 mg/dL
Urinalysis
pH 6.5
U-glucose 3HF
U-protein 1+
U-blood 2+

WBCs: white blood cells; RBCs: red blood cells; PT: prothrombin time;
INR: international normalized ratio; APTT: activated partial thrombo-
plastin time; CRP: C-reactive protein; TP: total protein; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehy-
drogenase; ALP: alkaline phosphatase; yGTP: gamma-glutamyl trans-
ferase; BUN: blood urea nitrogen; Cre: creatinine; UA: uric acid; BS:
blood sugar; HbA1c: hemoglobin A1c; BNP: brain natriuretic peptide;
TG: triglyceride; HDL: high-density lipoprotein; LDL: low-density lipo-
protein; IL-2R: interleukin-2 receptor; Ig: immunoglobulin.
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Figure 3. Contrast-enhanced CT scan findings upon admission on day 1,208. (a) Chest CT scan. (b) Abdominal CT scan. CT

computed tomography.

lungs, and left kidney. Lung histology revealed some cancer
cells and a small number of thrombi (Fig. 5a), with fibrocel-
lular intimal proliferation of small pulmonary arteries (Fig.
5b). The heart showed marked left ventricular hypertrophy
(Fig. 6a), while histology showed focal myocardial necrosis
(Fig. 6b, indicated by the arrows in the H&E-stained section)
and mild fibrosis around the vessels with Masson’s trichrome
staining (Fig. 6¢, shown as the blue staining). The primary
causes of mortality, in this case, were respiratory and heart
failure due to PTTM.

Ethics approval

The Ethics Committee of Toho University approved this study.

Discussion

HL can effectively be treated with combination chemotherapy
[1]. However, a rigorous assessment should be conducted for

Figure 4. Patient’s autopsy findings of the kidney. (a) Gross findings of the left kidney. (b, c) Urothelial carcinoma of the renal

pelvis in hematoxylin and eosin-stained sections.
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Figure 5. Patient’s autopsy findings of the lung showing (a) some cancer cells and small number of thrombi, (b) fibrocellular
intimal proliferation of small pulmonary arteries.

Figure 6. Patient’s autopsy findings of the heart. (a) Gross findings of the heart. (b) Focal myocardial necrosis (arrows) in the
hematoxylin and eosin-stained section. (c) Mild fibrosis in myocardial tissues around vessels, shown as blue Masson’s trichrome
staining.
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late complications, which mostly involve the development of
SMs, the cumulative incidence of which ranges from 7% to
26.3% [2-8]. Ng et al reported that 50 of 1,319 patients with
HL developed hematological SMs, e.g., acute leukemia, non-
HL, and multiple myeloma, while 131 patients developed solid
tumors, including 39 with breast cancer, 22 with lung cancer,
24 with gastrointestinal cancer, and 11 with genitourinary can-
cer [8]. Foss et al reported that 194 of 1,024 patients with HL
developed SMs, including non-HL and lung, breast, and stom-
ach cancer [4]. These reports indicate that the incidence rate of
UCRP as SMs is limited; hence, the patient in the current study
was a very rare case who developed UCRP as an SM.

Radiation therapy duration and dosage, combination
chemotherapy, alkylating agents, chemotherapeutic drug ac-
cumulation, age at diagnosis, and splenectomy have all been
identified as risk factors for SMs [4, 5, 7, 8, 13, 14]. There-
fore, using brentuximab vedotin, an anti-CD30 monoclonal
antibody, as well as developing a new regimen combining
brentuximab vedotin with other medications to suppress SM
development would be preferable.

The cumulative dose of the drug has been linked to con-
gestive heart failure, and discontinuing doxorubicin after a to-
tal dose of 550 mg/m? has been shown to reduce the incidence
of doxorubicin-induced cardiomyopathy [15]. The total doxo-
rubicin dose, in this case, was 370 mg/body. Dilated cardiomy-
opathy with diffuse atrophy and fibrosis of myocardial tissues
is a common clinical finding in doxorubicin-induced cardio-
myopathy [16]. However, the pathology findings of the patient
of the current study did not reveal these findings. Therefore,
his cardiomyopathy is believed to be unrelated to doxorubicin
administration.

In this case, the PTTM due to SMs was not recognized to
be the cause of heart failure during admission. The autopsy
findings indicated that his UCRP was invasive and nonmass-
forming, and the CT scan did not reveal any evident UCRP
(Fig. 3b). Therefore, clear evidence of malignancy was not es-
tablished because the cytology findings revealed only class III
on several occasions.

A TR velocity > 2.8 m/s suggests pulmonary hyperten-
sion [17]. On day 16, the TR velocity of the patient was 1.82
m/s and increased to 3.36 m/s on day 1,206 upon admission.
Therefore, the cause of pulmonary hypertension should be
thoroughly investigated.

Herbay et al first described the pathogenesis of PTTM, a
fatal disease characterized by tumor microemboli associated
with fibrocellular and fibromuscular intimal proliferation in
small arteries in the lungs, resulting in elevated pulmonary ar-
tery pressure and right-sided heart failure [18]. PTTM is most
commonly linked to gastric adenocarcinoma and lung carci-
noma [18, 19]. However, cases of PTTM linked to UCRP are
rarely reported.

Our patient had kept long remission after the chemother-
apy with HL. However, he developed irreversible heart fail-
ure about 2.5 years after chemotherapy. The cause of his heart
failure was PTTM associated with UCRP. As shown in Table
1, he showed hematuria on day 1,208. However, because he
showed microscopic hematuria about 1 year before develop-
ment of Hodgkin disease, urologists had examined him already
in past. Urologists examined with cystoscopy of bladder and
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three times cytology in urine at the last hospitalization. How-
ever, we could not diagnose for his disease during he alive.
Recently, the usefulness of ICIs has been reported with the
metastatic UCRP patients [10-12]. However, the identification
of biomarkers for response to ICIs is very important. So, the ef-
fort to obtain the adequate histopathological specimens and ex-
amination of the expression of programmed cell death ligand 1
in tumor will be needed to improve prognosis in these patients.

Conclusions

The current study presents the findings of a patient with PTTM
and UCRP diagnosed during the autopsy. The possibility of
developing SMs other than doxorubicin-induced cardiotoxic-
ity should be considered in patients with HL receiving ABVD.
Thus, long-term SM screening is required to ensure adequate
care for such patients.
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