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【 CASE REPORT 】

Pulmonary Tumor Thrombotic Microangiopathy Caused by
Recurrent Gastric Cancer 26 Years After Total Gastrectomy
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Abstract:
Pulmonary tumor thrombotic microangiopathy (PTTM) is a rare cancer-related complication that induces

pulmonary hypertension (PH). PTTM can be caused by recurrent cancer, with 12 years being the longest re-

ported interval from primary cancer to the development of PTTM. We herein report a 74-year-old woman

who presented with dyspnea due to PH. The postmortem diagnosis was PTTM caused by recurrent gastric

cancer 26 years after total gastrectomy. An autopsy revealed PTTM-specific histological characteristics. Our

findings indicate that PTTM should be considered as a diagnosis for patients with a history of cancer who

develop PH, even several decades after treatment.
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Introduction

Pulmonary tumor thrombotic microangiopathy (PTTM) is

a rare and fatal cancer-related pulmonary complication first

reported by Von Herbay et al. (1) It is histologically charac-

terized by tumor embolisms and reactive fibrocellular inti-

mal proliferation in small pulmonary arteries and arteri-

oles (1, 2). The major histopathological cancer type associ-

ated with PTTM is adenocarcinoma, and the primary cancer

most frequently originates from the stomach (3).

For the antemortem diagnosis of PTTM, the medical in-

formation of patients with active cancer or a history of can-

cer is crucial for providing an appropriate diagnosis. PTTM

can reportedly be caused by recurrent cancers; a recent case

reported PTTM associated with recurrent cancer at 12 years

after the diagnosis of primary breast cancer (4).

We herein report a case of PTTM caused by ultra-late re-

current gastric cancer treated 26 years previously.

Case Report

A 74-year-old Japanese woman presented with exertional

dyspnea and mild leg edema lasting for 1 month. She had a

history of gastric signet ring cell carcinoma, pathologically

classified as T1N1M0, 26 years earlier and had been treated

with total gastrectomy and lymph node dissection followed

by adjuvant chemotherapy. Otherwise, the patient had no re-

markable medical problems. She had never smoked. Her

blood pressure was normal (116/79 mmHg), heart rate was

slightly high [115 beats per minute (bpm)], respiratory rate

was high (20 times per minute), oxygen saturation was low

(peripheral capillary oxygen saturation (SpO2) 83% on room

air), and body temperature was normal (36.4°C). She had

bilateral fine crackles in the lungs, but chest auscultation re-

vealed no abnormal heart sounds or murmurs. We observed

distention of the jugular vein and mild pitting edema in both

lower legs.

Chest radiography showed bilateral diffuse opacity, which

was especially noticeable in the lower lung field with pleu-

ral effusion (Fig. 1). An electrocardiogram showed an in-

verted T wave in the V1-4 leads, implying right heart over-

load (Fig. 2). Transthoracic echocardiography revealed an

estimated systolic pulmonary artery pressure of 99 mmHg

based on the tricuspid regurgitation velocity, which indicated

severe pulmonary hypertension (PH). A dilated right ventri-

cle and compressed left ventricle and pericardial effusion

were observed. The right ventricular function was found to
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Figure　1.　Chest X-ray on admission showed bilateral diffuse 
opacity, with particularly remarkable findings in the lower 
lung field with plural effusion. Figure　2.　An electrocardiogram on admission showed an in-

verted T wave in V1-4 leads, suggesting right heart overload. 

Figure　3.　A short-axis view of the transthoracic echocardio-
gram obtained on admission showed the dilated right ventricle 
compressing the left ventricle, suggesting PH. 

be deteriorated with 13 mm of tricuspid annular plane sys-

tolic excursion, whereas the left ventricular function was

normal (Fig. 3). Computed tomography (CT) revealed bilat-

eral diffuse ground-glass opacity and prominent intralobular

septal thickening with pleural effusion (Fig. 4A). A contrast-

enhanced image showed that only one small peripheral pul-

monary artery was embolized (Fig. 4B). Blood work showed

high D-dimer (18 μg/mL), high brain natriuretic peptide

(328.6 pg/mL), and slightly low hemoglobin (11.6 g/dL)

levels. However, the kidney, liver, and electrolyte functions

were normal. Immunological values, including anti-

neutrophil cytoplasmic antibodies, were normal, as were

several tumor biomarkers, including as carcinoembryonic an-

tigen (CEA) and CA19-9. A blood gas analysis at 2 L/min

O2 showed hypoxemia (PaO2 65.1 mmHg) without hypercap-

nia (PaCO2 40.1 mmHg).

Thoracentesis of the right pleural effusion was performed

on the second hospital day. The drained effusion appeared

yellowish, transparent, and serous. A right heart catheteriza-

tion test conducted on the same day showed a mean pulmo-

nary capillary wedge pressure of 9 mmHg, mean pulmonary

artery pressure of 27 mmHg, pulmonary vascular resistance

of 483 dyn·s·cm−5, and cardiac output index of 2.08 L/min/

m2. These results indicated a mild increase in pulmonary ar-

terial pressure and pulmonary vascular resistance without

left ventricular failure. The coronary arteries were intact.

Lung ventilation/perfusion scans were not available at our

facility and were therefore not performed. Based on the

abovementioned history and test results, we made a tentative

diagnosis of PH with a non-identified cause, but likely dif-

ferential diagnoses included PTTM, chronic thromboembolic

pulmonary hypertension, pulmonary veno-occlusive disease,

and connective tissue disease-related PH.

We applied conservative treatment for PH, including diu-

resis for volume overload, administration of an inotrope

agent for right heart dysfunction, oxygen for hypoxemia,

and unfractured heparin for thromboembolization. The com-

bination of these treatments gradually attenuated PH, but the

patient’s symptoms and general condition showed no im-

provement. On the seventh hospital day, a cytological ex-

amination revealed malignant pleural effusion with CEA-

positive adenocarcinoma. This result confirmed that PTTM

was the main cause of the disease. Contrast-enhanced CT of

the chest and abdomen could not determine the primary can-

cer. The patient was too ill to undergo further inspections.

Pulmonary vasodilators, including the endothelin receptor

antagonist bozentan and the phosphodiesterase-5 inhibitor

tadalafil, were added to the conservative treatment. Although

the tyrosine kinase inhibitor imatinib has been reported to

be effective, it was not used because our hospital ethics

committee determined that her poor performance status

made her ineligible for its initiation.

The patient continued the described treatment plus pallia-

tive care but ultimately died on the 30th hospital day. An

autopsy indicated that PTTM was caused by signet ring cell

carcinoma. Although the stomach had been completely re-
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Figure　4.　Computed tomography on admission. (A) The lung window image shows bilateral diffuse 
ground-glass opacity and intralobular septal thickening with plural effusion. (B) The mediastinal 
window image shows only one small embolized pulmonary artery (white arrow). 

Figure　5.　Histologic findings of the autopsied lung. (A) Patchy alveolar hemorrhaging is visible in a 
low-magnification view. Hematoxylin and Eosin (H&E) staining; original magnification 4×. (B) Fi-
bro-cellular intimal proliferation and thrombosis associated with tumor embolism (arrows) were ob-
served in the center of the hemorrhagic lesion. H&E staining; original magnification 40×. (C) Immu-
nohistochemically, embolic tumor cells were positive for the gastric epithelial marker MUC5AC. 
Immunoperoxidase stain; original magnification 40×.    

moved, and no obvious recurrence was observed in either

the anastomosis site or gastrointestinal tract, we considered

the tumor cells to be derived from the previous gastric can-

cer. In addition to PTTM, metastasis of signet ring cell car-

cinoma was confirmed in the spleen, pleura, para-aortic

lymph nodes, and bone marrow. A low-magnification histo-

logical view of the lungs showed many foci of patchy alveo-

lar hemorrhaging (Fig. 5A). In the center of each hemor-

rhagic lesion, we observed small arteries/arterioles occluded

by tumor emboli that comprised signet ring cell carcinoma,

which was positive for the gastric epithelial marker MUC5

AC (Fig. 5B, C). In addition to tumor embolism, microhem-

orrhaging, thrombosis, and reactive intimal proliferation

have been deemed unique to PTTM and reportedly contrib-

ute to vascular occlusion (Fig. 5B). Additional immunohisto-

chemical markers, such as PD-L1 and HER2, were evalu-

ated, but no definitive cause of tumor dormancy or reprolif-

eration was established.

Discussion

PTTM is a rare disease that causes cancer-related PH and

is known for its poor prognosis. A recent systematic review

reported that the average patient age was 56 years old, and

56% were men; gastric adenocarcinoma was diagnosed as

primary cancer in 59% of cases. The average length of time

from the primary malignancy to presenting with PTTM is

3.5 (range: 0.1-12) years (3). The antemortem diagnosis of

PTTM is difficult. PTTM is histologically characterized by

tumor embolisms and reactive fibrocellular intimal prolifera-

tion in small pulmonary arteries and arterioles (1, 2). Lym-

phangitic carcinomatosis does not usually cause significant

PH in isolation but often coexists with PTTM. Pulmonary

tumor embolization, a similar disease, is characterized by

the occlusion of the small pulmonary arteries by cohesive

tumor cells and can only be distinguished from PTTM by a

histological examination (5).

It is important that PTTM be diagnosed at an early stage

because the median survival time is only three weeks from

the onset of symptoms. As in this case, patients with PTTM

mostly present with cough (85%), dyspnea (94%), and hy-

poxemia (95%), which are not specific for PTTM. However,

the chest CT findings observed in this case, such as ground-

grass opacity and septal thickening, help with the diagnosis

of PTTM specifically (3). An early antemortem diagnosis of

PTTM can facilitate primary cancer-specific therapies, in-

cluding surgery, chemotherapy, and radiation. To our knowl-

edge, only 22 antemortem PTTM cases have been diagnosed
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pathologically or clinically (3). The medical information of

patients with active cancer or a history of cancer is particu-

larly important for providing an accurate diagnosis for

PTTM, as it may also be caused by recurrent cancers. In the

current case, although the patient had a medical history of

gastric cancer, we did not suspect a diagnosis of PTTM

caused by recurrent gastric cancer. Although previous re-

ports have documented PTTM cases associated with recur-

rent cancer, the longest reported interval from primary can-

cer to development of PTTM is 12 years (6).

Gastric cancer recurrence usually appears within the first

two years post-gastrectomy. Late recurrence is uncommon,

with only 10.8% of cases recurring after 5 years and fewer

than 1% after 10 years (7). To our knowledge, there are

only 3 other cases of gastric cancers recurring after 20

years (8-10). Despite the results of our thorough immuno-

histochemical examination, tumor dormancy can explain the

ultra-late recurrence of cancer that we observed in this case.

Tumor dormancy with hidden disseminated tumor cells may

occur without symptoms and can be untraceable over a pro-

longed period. Cancer cells can become dormant at the on-

set of disease or after the initial therapeutic treatment and

remain dormant for years or even decades after treat-

ment (11). Metastasis to the bone marrow seems to be par-

ticularly related to tumor dormancy. Many factors in the

bone microenvironment, including angiogenesis, immune

surveillance, and hypoxia, are thought to regulate tumor cell

entry and exit from dormancy in different bone marrow

niches (12). The present case also demonstrated bone mar-

row metastasis in addition to PTTM, suggesting that tumor

dormancy might have been involved in recurrence. We

speculate that gastric adenocarcinoma first metastasized to

the bone marrow at an early stage and then remained dor-

mant for more than two decades. After 26 years, the cancer

reactivated and recurred as PTTM.

The lack of medical information concerning the gastric

cancer that had occurred 26 years earlier limited our ability

to clarify the relationship between the primary and metasta-

sis cancer or elucidate the mechanism of tumor dormancy.

Further studies, including gene mutation examinations, are

needed to better understand the mechanism of PTTM caused

by ultra-late recurrent cancer and its relationship with tumor

dormancy.

In summary, we report a case of PTTM caused by ultra-

late recurrent gastric cancer 26 years after its primary onset.

We suspected an antemortem diagnosis of PTTM but were

unable to identify the primary cancer. Our findings show

that even cancers that were treated more than two decades

ago can underlie the development of PTTM. The earlier

identification of the primary cancer and diagnosis would

have encouraged us to introduce more specific therapy, in-

cluding chemotherapy, corticosteroids, and imatinib.
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