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Introduction: Microscopic pulmonary tumor embolisms from prostate cancer are

extremely rare. In this case of prostate cancer, microscopic pulmonary tumor embolism

developed during androgen deprivation therapy.

Case presentation: A 56-year-old man was diagnosed with prostate cancer and

underwent androgen deprivation therapy. Three months after starting treatment, he

noticed shortness of breath and developed acute progressive dyspnea. He was

diagnosed with pulmonary hypertension; however, the cause was not found. His

dyspnea was progressive and he died 40 days after the onset of symptoms. Autopsy

proved that the cause of pulmonary hypertension was microscopic pulmonary tumor

emboli from prostate cancer. Furthermore, histology revealed differences in the

androgen receptors in the prostate and emboli, with significantly greater Ki-67

expression in the emboli than in the prostate.

Conclusion: Prostate cancer proliferated in the pulmonary artery after hematogenous

metastasis, caused vascular occlusion, and formed microscopic pulmonary tumor

embolisms.

Key words: androgen receptor, cadherin, microscopic pulmonary tumor embolism,

prostate cancer, pulmonary hypertension.

Keynote message

Microscopic pulmonary tumor embolism from prostate cancer is rare. In this case a tumor
developed in a lung vessel and occluded the pulmonary artery. The subacute progression of
the case supported the finding of hematogenous metastasis.

Introduction

Microscopic pulmonary tumor embolisms from prostate cancer are extremely rare. We report
a case of microscopic pulmonary tumor embolism caused by prostate cancer, which was
found at autopsy.

Case presentation

A 56-year-old Japanese man with a serum PSA level of 24.6 ng/mL was diagnosed with stage
IV prostate cancer in May 2018 after prostatic biopsy. The Gleason score was 5 + 5, and com-
puted tomography showed that prostate cancer had invaded the bladder (Fig. 1a), with metas-
tases to the proximal bilateral lymph nodes (Fig. 1b) and left iliac bone (Fig. 1c). Staging was
T4N1M1b, according to the UICC TNM Classification of Malignant Tumours, 8th edition. His
LDH was 298 U/L and ALP was 229 U/L. He underwent androgen deprivation therapy with
abiraterone (1000 mg), leuprorelin (22.5 mg), and prednisolone (5 mg). One month later, his
PSA decreased to 16.1 ng/mL, LDH was 252 U/L, and ALP was 327 U/L. Three months later,
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he noticed shortness of breath on exertion, and his symptoms
worsened in October 2018. He was admitted to another hospi-
tal and diagnosed with pulmonary hypertension, but the cause
of the pulmonary hypertension was not found. He was sent to
our hospital for further examination after 3 days.

On admission, his blood pressure was 108/64 mmHg, heart
rate 110/min, oxygen saturation 93% with 6 L of O2, and res-
piration rate 30/min. The average pulmonary artery pressure
was 28.6 mmHg in the catheterization performed at the

previous hospital. Arterial blood gas analysis showed a pH of
7.473, PaO2 76.9 Torr, PaCO2 32.7 Torr, and HCO3-
23.6 mmol/L. His white cell count was 5370/lL, platelets
28 000 lL, and FDP level was 30.9 lg/mL. His PSA level
was 22.5 ng/mL, LDH was 2529 U/L, and ALP was 2425 U/L.
The antinuclear antibody was negative.

A decrease in platelets and an increase in FDP were
observed, suggesting the presence of disseminated intravascu-
lar coagulation. Contrast-enhanced computed tomography of
the thorax revealed slightly enlarged pulmonary vessels with
no parenchymal lesions.

The patient was diagnosed with pulmonary thrombosis.
Despite treatment with oxygen inhalation, intravenous hep-
arin, phosphodiesterase inhibitor, and urokinase, he died of
respiratory failure 2 days after admission.

Autopsy confirmed pulmonary hemorrhage. The prostate
was replaced with tumor tissue, but there was no dissemina-
tion of poorly differentiated prostate cancer to the diffuse pul-
monary arteries. There was no lymph node metastasis.
Microscopic findings revealed diffuse pulmonary occlusion
due to a cell mass. The cell mass was positive for PSMA
(Fig. 2), and the cause of death was determined to be pul-
monary artery occlusion due to prostate cancer. In the

(a)

(b)

(c)

Fig. 1 Pelvic computed tomography at diagnosis. (a) Sagittal view shows

that the tumor has invaded the bladder. (b, c) Horizontal views show metas-

tases to the bilateral lymph nodes and iliac bone.

(a)

(b)

Fig. 2 PSMA staining of the cell mass. (a) Hematoxylin and eosin staining

and (b) PSMA staining of the pulmonary artery mass. Scale bar is 200 lm.
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prostate, there was no vascular invasion with a volume that
could become an embolus.

Epithelial-mesenchymal transition is involved in the forma-
tion of tumor emboli, and we stained for its expression mark-
ers; E-cadherin and N-cadherin. E-cadherin was suppressed
and N-cadherin was upregulated in both the prostate and the
pulmonary artery (Fig. 3). Despite androgen deprivation ther-
apy, the patient’s symptoms were progressing and heterogen-
esis was suspected in the lesion. When AR staining was
performed, AR expression was not observed in the prostate,
but was observed in the pulmonary artery. In order to evalu-
ate cell proliferation, we stained with Ki-67. The pulmonary
tissue was stained 39% and the prostate was stained 3%
(Fig. 4).

Discussion

This unusual case presents a microscopic pulmonary tumor
embolism that developed during treatment for advanced pros-
tate cancer. Kane et al. reviewed 1085 autopsies of solid
malignant tumors and found microscopic pulmonary tumor
embolism associated with carcinoma in 2.4% of the cases.1 It
was considered to be fatal in 1% of the autopsy studies.1

Reports of such embolisms in prostate cancer are rare, and

there were only six well-documented cases of death due to
microscopic pulmonary tumor embolism secondary to pros-
tate cancer.1–5 Microscopic pulmonary tumor embolisms
occur when a tumor mass directly occludes the pulmonary
artery or when a tumor grows within the pulmonary artery.
In the first case, a malignant tumor forms a mass in a blood
vessel, and a part of it separates and occludes the vessel. In
this mechanism, shortness of breath progresses rapidly.
Histopathological findings show that the expression of E-cad-
herin is involved in forming a cell mass.6 On the other hand,
with occlusion due to intravascular growth of a tumor, the
tumor grows at the metastasis destination and occludes the
blood vessel, and respiratory failure proceeds subacutely.7,8

In addition, N-cadherin expression is involved in hematoge-
nous metastasis of tumors.9

In this case, the progression of dyspnea was relatively
slow. At autopsy, there was no vascular invasion with a vol-
ume that could become an embolus, and immunochemistry
supported this hypothesis of hematogenous metastasis. In the
embolism, E-cadherin was suppressed, and N-cadherin was
upregulated. In addition, AR expression was observed in the
embolism, but not in the prostate, suggesting that the prostate
cancer had become castration resistant. Based on these facts,
it was inferred that the pulmonary tumor embolism was

(a) (b)

(d)(c)

(e) (f)

Fig. 3 E-cadherin and N-cadherin staining.

Hematoxylin and eosin staining of (a) the prostate

and (b) pulmonary artery; E-cadherin staining of

(c) the prostate and (d) pulmonary artery; N-

cadherin staining of (e) the prostate and

(f) pulmonary artery. Scale bar is 200lm.
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caused by prostatic cancer that had metastasized to the blood,
proliferated in the pulmonary blood vessels, and occluded the
pulmonary artery over 40 days.

Treatment of lung tumor embolism requires treatment of
the underlying disease.2 In this case, treatment with
abiraterone and prednisolone ultimately failed. If the PSA
follow-up interval was shortened, changes in PSA
might have been detected earlier and chemotherapy might
have been initiated. In addition, the appearance of dyspnea
during exertion may suggest consideration of treatment
changes.

Conclusion

This rare case revealed a microscopic pulmonary tumor
embolism that developed during prostate cancer treatment.
This was thought to have developed due to hematogenous
metastasis and intravascular growth of the tumor.
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Fig. 4 AR and Ki-67 staining. Hematoxylin and

eosin staining of (a) the prostate and

(b) pulmonary artery; AR staining of (c) the

prostate and (d) pulmonary artery; Ki-67 staining

of (e) the prostate and (f) pulmonary artery. Scale

bar is 200 lm.
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Editorial Comment

Editorial Comment to Microscopic pulmonary tumor embolism from adenocarcinoma
of the prostate

The article by Hattori et al. showed a very rare case of meta-
static hormone-sensitive prostate cancer (mHSPC) that
resulted in a fatal pulmonary vascular tumor embolism.1

Although he had an unfortunate outcome, it will be useful for
future clinical activities to share such a case.

This case had a relatively low prostate-specific antigen
(PSA) level (24.6 ng/mL) at diagnosis for the clinical stage
(cT4N1M1b) and a high Gleason score of 5 + 5, which was
predictive of poor prognosis. Androgen deprivation therapy
(ADT) plus docetaxel or abiraterone (ABI) should be consid-
ered the standard treatment of care for this case. The choice
of ADT plus ABI was reasonable in the clinical guidelines in
Japan at that time. The PSA level at 1 month after the start
of ADT + ABI treatment was reduced to 16.1 ng/ml (35%
decline), giving the impression that the initial PSA response
was poor. Matsubara et al. reported on the PSA kinetics in a
post hoc analysis of the LATITUDE trial that looked at the
therapeutic effect of ABI on 1199 patients with mHSPC, and
the PSA 50% and 90% decline in ADT alone was 67% and
35%, respectively, while ADT + ABI showed very good
PSA response (91% and 79%, respectively), which strongly
correlated with radiological progression-free survival (rPFS)
and overall survival (OS) in patients with PSA 50% decline
(hazard ratio 0.44 and 0.26, respectively).2 It has also been
previously reported that the PSA response to ABI in meta-
static castration-resistant prostate cancer (CRPC) correlates
with OS.3

In this case, it is difficult to judge the effect of
ADT + ABI treatment from the PSA response alone, because
the change in PSA after the start of ADT + ABI treatment
has not been described. However, if we had been able to fre-
quently observe the changes in PSA, we may have consid-
ered chemotherapy as a subsequent treatment.

Considering the early relapse of ADT and ABI treatment
and the developed ABI-resistant CRPC within at least
5 months, this case suggests the importance of not only PSA

but also image monitoring. Now upfront hormone therapy for
high-risk mHSPC can be used for apalutamide and enzalu-
tamide as well as ABI, but a certain number of cases have
been reported to relapse very early,4–6 and we believe that
close observation is necessary, especially early in treatment.
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