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Platelet-Derived Growth Factor Receptor-Tyrosine Kinase Inhibitor,
Imatinib, Is Effective for Treating Pulmonary Hypertension Induced
by Pulmonary Tumor Thrombotic Microangiopathy

Shun MiNaTsuk1,' MD, Ichiro Miura,” MD, Atsushi Yao, MD, Hiroyuki ABE,* MD,
Hironori MurAOKA,' MD, Mariko TANAKA,* MD, Teruhiko ImaMURA,” MD, Toshiro INaBA,' MD,
Hisataka Mak1,' MD, Masaru Hatano,' MD, Koichiro KinuGawa,” MD, Takashi Yao,” MD,
Masashi Fukayama,’ MD, Ryozo NAGA1,® MD, and Issei Komuro,' MD

SUMMARY

Pulmonary hypertension (PH) induced by pulmonary tumor thrombotic microangiopathy (PTTM) can be fatal be-
cause its rapid progression confounds diagnosis, and it is difficult to control with therapy. Here we describe a woman
with symptomatic PTTM-PH accompanying gastric cancer that was suspected from perfusion scintigraphy. PTTM-PH
was diagnosed by gastroesophageal endoscopy and lung biopsy after partial control of PH using the platelet-derived
growth factor (PDGF) receptor (PDGFR) tyrosine kinase inhibitor, imatinib. Treatment with sildenafil and ambrisentan
further decreased PH. and she underwent total gastrectomy followed by adjuvant TS-1 chemotherapy. PH did not recur
before her death from metastasis. Postmortem histopathology showed recanalized pulmonary arteries where the embol-
ized cancer masses disappeared. PDGF-A, -B, and PDGFR-¢, ff expression was detected in cancer cells and proliferating
pulmonary vascular endothelial cells. Thus, PTTM-PH was successfully controlled using a combination of imatinib,
drugs to treat pulmonary arterial hypertension, and cancer management. (Int Heart J 2015 56: 245-248)

Key words : Circulatory disturbance, Cancer, Treatment

is an uncommon disease and sometimes accompanies

pulmonary hypertension (PTTM-PH). PTTM-PH is
directly caused by multiple microthrombi of cancer cells sur-
rounded by fibrotic intimal cell proliferation " and/or indirectly
due to vascular remodeling mediated by growth factors such as
platelet-derived growth factor (PDGF),”* vascular endothelial
growth factor,™® and ostcopontin” that are released by cancer
cells. Because PTTM-PH progresses rapidly, it is rarely diag-
nosed before autopsy. Therefore, PTTM-PH is not managed,
and patients survive 1-3 months after symptoms appear.”

Pulmonary tumor thrombotic microangiopathy (PTTM)

CASE REPORT

In September 2011, a 64-year-old woman was admitted
to our hospital with the main complaints of persistent cough,
progressing dyspnea, and a 10-kg weight loss during the previ-
ous 3 months. Because the electrocardiogram showed right
axis deviation and right ventricle hypertrophy (Figure 1A) and
echocardiography revealed a markedly elevated right ventricu-
lar systolic pressure (85 mmHg) and a significantly dilated

right ventricle with a counter-compressed left ventricle (Figure
1C), she was diagnosed with pulmonary hypertension (PH)
and immediately admitted. A pulmonary perfusion scintigram
showed diffuse and peripheral perfusion defects (Figure 2A)
indicating diffuse micro-occlusions of pulmonary arteries (PA).
Neither contrast-computed tomography nor pulmonary arterio-
gram detected a thrombus. Right heart catheterization con-
firmed severe PH (Figure 3), suggesting PTTM-PH.
Gastroesophageal endoscopy detected early gastric can-
cer that was characterized as a poorly differentiated adenocar-
cinoma involving signet-ring cells. After PH was controlled
using imatinib (Figure 3), video-assisted thoracic surgery was
performed to acquire a lung biopsy. Histopathology revealed
that a considerable number of the small PA were occluded by
gastric cancer cells (GCC) and organized tissue that included
proliferating vascular intimal cells (Figure 4A). While PH was
further controlled with sildenafil and ambrisentan combined
with imatinib, she underwent total gastrectomy followed by
adjuvant chemotherapy with TS-1 (Figure 3). In January 2012,
her hemodynamic parameters were normal, including arterial
oxygen-saturation (Figure 3) and the diffuse pulmonary per-
fusion defects (Figure 2B). The abnormal electrocardiogram
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Figure 1. Electrocardiogram and Echocardiogram. A, B: The electrocardiogram at admission (A) shows right axis devia-
tion and right ventricle hypertrophy. At discharge, these findings were normalized (B). C, D: The short-axis view of the
echocardiogram at admission (C) demonstrates dilatation of a right ventricle with a counter-compressed left ventricle. These
findings were not seen at discharge (D).
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Figure 3. Clinical course during hospitalization. The initial and sequential
administration of tadalafil and imatinib decreased mean pulmonary arterial
pressure (mPAP) and pulmonary vascular resistance (PYR). Although ad-
ministration of tadalafil was discontinued due to congestion suspected
from the results of X-ray, mPAP was maintained below 40 mmHg in the
presence of imatinib. The sequential addition of sildenafil and ambrisentan
further decreased mPAP and PVR with improved arterial oxygen satura-
tion (Sa0,). This allowed us to perform total gastrectomy followed by the
adjuvant chemotherapy with TS-1. The serum level of PDGF-BB in-
creased until total gastrectomy and administration of adjuvant chemother-
apy, suggesting that proliferating cancer cells were the primary source of
PDGFE-BB. On January 30, 2012, the serum levels of brain natriuretic pep-
tide and PDGF-BB were rather high, but the hemodynamic parameters
and Sa0, level were normalized. SvO,: mixed venous oxygen saturation.

Figure 2. Pulmonary Perfusion Scintigraphy. A: Pulmonary perfusion
scintigram shows diffuse peripheral perfusion defects, suggesting diffuse
and peripheral occlusions at the level of the small PA. B: Pulmonary per-
fusion defects are undetectable in the scintigram performed after hemody-
namic normalization, suggesting reperfusion of the occluded PA.
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Figure 4. Histopathological findings. A: Representative histology of oc-
cluded PA. The lumen was occluded by the embolized tumor cells and the
fibrocellular intimal proliferation within the myxoid matrix (H&E, 4x). B:
Magnified image of embolized tumor cells shown in A. The mass of can-
cer cells showing atypical nuclei and vascular endothelial cells was sur-
rounded by proliferating fibrous and fibroblastic cells within the myxoid
matrix (H&E, 40x). C: Immunohistochemical staining for keratin (clone:
CAMS.2) that was strongly positive was indicative of embolized gastric
cancer cells (magnification 40x). Dt Immunohistochemical analysis using
an anti-PDGF-A antibody (N-30, rabbit polyclonal: sc-128) revealed that
PDGF-A was expressed in the embolized cancer cells (arrow) and vascu-
lar endothelial cells (arrowhead). E: In another embolized vessel, immu-
nohistochemical analysis using an anti-PDGF-B antibody (N-30 rabbit
polyclonal: sc-127) showed the expression of PDGF-B in the embolized
cancer {(arrow) and vascular endothelial cells (arrowhead). F: In similar
specimens sectioned subsequently to E. probing with the anti-phospho-
PDGFR-a (Tyr754: sc-12911) generated positive signals in the embolized
cancer (arrow) and vascular endothelial cells (arrowhead). G: The anti-
PDGFR-4 antibody (P-20 rabbit polyclonal: sc-339) generated a signal in
the embolized cancer cells (arrow) and vascular endothelial cells (arrow-
head). H: Recanalization of the pulmonary arteries in the autopsy speci-
men was suggested by their characteristic shape and cylindrical removal
of the tissue (EVG stain: 10x). The volume of the cancer cells in the PA
was quite low in the autopsy specimens compared with the biopsy speci-
mens.

and echocardiogram findings were also normalized (Figure 1B
and D). She was discharged and periodically visited our hospi-
tal as an outpatient. However, she died of systemic metastasis
on September 18, 2012.

DiscussioN

In cardiovascular disease, common causes of rapid pro-
gressing dyspnea are heart failure due to acute coronary syn-
drome, pulmonary embolism and worsening of chronic heart
{ailure. Amniotic fluid embolism” and eosinophilic myocardi-
tis'” were previously reported as rare but important causes.

PTTM can also induce rapid progressive dyspnea. Fur-
thermore, not all patients with PTTM are proven to have a ma-
lignant tumor at admission like this case. It is quite rare, how-
ever, and an early diagnosis is very important for rescue.

PTTM is detected in 3.3% of autopsies of patients with
carcinoma.” The key to our diagnosis was a perfusion scinti-
gram showing diffuse and peripheral perfusion defects (Figure
2A). Because Von Herbay, ef al reported that PTTM-PH is
most frequently caused by gastric cancer,” we decided to per-
form gastroesophageal endoscopy. PTTM-PH is typically un-
controflable.” The authors of several pathological studies sug-
gest that PDGF secreted from tumor cells is associated with
vascular remodeling in PTTM-PH,>*'™'? and that PDGF s se-
creted because of the endothelial damage induced by attach-
ment of tumor thrombi.” Moreover, PDGF-regulated expres-
sion of osteopontin is associated with fibrosis, neointima
formation, and PA occlusion.” Taken together, these findings
suggested to us that inhibition of PDGF or PDGFR improves
PTTM-PH. Moreover, Ogawa, et al ¥ reported that imatinib
treatment stabilized PTTM-PH. On the other hand, imatinib
has been reported to be effective in patients with pulmonary
arterial hypertension,”” and our own studies showed that imat-
inib treatment reduced serum levels of PDGF-BB in patients
with pulmonary arterial hypertension,'® as reported in the pa-
tient with PTTM-PH by Ogawa, er al " However, our patient’s
serum level of PDGF-BB increased until she underwent total
gastrectomy and received adjuvant chemotherapy (Figure 3).
From the immunohistochemistry results, we conclude that
PDGF-A and -B may primarily originate from the GCC in PA
(Figure 4D and E) and the stomach (Supplemental Figure 1B
and C). Positive staining using the anti-phospho-PDGFR-a of
the vascular endothelial cells and the GCC in the PA and the
stomach indicates that PDGF signaling was likely activated
through autocrine and paracrine mechanisms, which were un-
likely to have been inhibited by circulating imatinib (Figure
4F, Supplemental Figure D). Administration of imatinib and
other PH drugs and suppression of GCC-proliferation by TS-1
resulted in normalization of hemodynamics, the lung perfusion
scintigram, and arterial oxygen saturation. Histological analy-
sis and comparison of the biopsy with the autopsy revealed re-
canalization of the previously occluded small PA (Figure 4A
and 4H), which most likely occurred during the clinical course.
We attribute this to the elimination of embolized cancer cells.
In addition, the rate of normal vasculature was increased in the
autopsy samples, which was most likely attributable to reverse
remodeling of the intimal cell proliferation (Supplemental Fig-
ure 2). Both phenomena mainly contribute to a decrease in the
mean value of the luminal stenotic rate of the PA. Because PH
did not recur, the present case suggests the first strategy eftec-
tive for treating PTTM-PH.
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Introduction

Pulmonary tumor thrombotic microangiopathy (PTTM) is a rare
cancer-related complication that causes hypoxia, pulmonary hy-
pertension, and heart failure. We report a case of PTTM that
occurred during chemotherapy for metastatic breast cancer.

Case Report

The patient was a 61-year-old woman who had undergone resection
of the left breast and axillary lymph node dissection. Subsequently,
she received adjuvant chemotherapy: CAF (cyclophosphamide
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500 mg/m’ doxorubicin [Adriamycin] 50 mg/m? and
5-fluorouracil 500 mg/m®) followed by docetaxel and then
tamoxifen followed by anastrozole for a total of 5 years. Twelve
years after surgery, she experienced multiple bone and mediastinal
lymph node metastases. She was treated with eribulin for 1 year.
She came in with a 2-day history of progressing dyspnea and was
admitted to our hospital for further medical care. On admission, her
body temperature was 36.9°C, blood pressure was 117/72 mm Hg,
heart rate was 74 bpm, respiratory rate was 20 breaths per minute,
and oxygen saturation was 94% (room air). A chest radiograph
showed normal Jung fields. Results of arterial blood gas analysis in
room air revealed hypoxemia: pH, 7.497; Pco,, 27.6 mm Hg; Po,,
59.7 mm Hg; and HCO?, 20.9 mmol/L. Base excess was —0.9
(room air). Further laboratory examination showed the following:
white blood cell count, 3300/mm? with normal differential counts;
hemoglobin value,12.0 g/dL; plateler count, 75,000/mm>; total
bilirubin, 1.2 mg/dL (normal, 0.2-0.9 mg/dL); aspartate amino-
transferase level, 69 TU/L (normal, 10-30 IU/L); alanine amino-
transferase level, 50 IU/L (normal, 5-35 IU/L); and C-reactive
protein level, 0.03 mg/dL (normal, 0-0.50 mg/dL). A blood coag-
ulation test showed that the D-dimer was elevated to 10.67j1g/mL
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(normal, < 0.49 pg/mL), and fibrin degradation products were also
elevated to 44.57 pg/mL (normal, < 10 pg/ml), suggesting
microthromboembolic disease.

On radiographic evaluation, enhanced computed tomography
1A).
ventilation-perfusion scintigraphy demonstrated multiple small pe-

detected no pulmonary embolism (Figure However,
ripheral perfusion defects in both lungs on the second day after
admission (Figure 1B). A transthoracic echocardiogram showed
normal left ventricular systolic function (left ventricular ejection
fraction, 75%) with paradoxical movement of the interventricular
septum. In addition to right ventricular and atrial enlargement,
severe pulmonary hypertension was seen, with estimated right
ventricular systolic pressure of 76 mm Hg,

On the fifth day after admission, she was transferred to the
Department of Cardiovascular Medicine for a more precise diag-
nosis and intensive treatment. Subsequently, wedged pulmonary
artery blood cell sampling showed histologically malignant cells,
which highly suggested the diagnosis of pulmonary tumor throm-
botic microangiopathy (PTTM). There were 3-dimensional clusters
of atypical epithelial cells, focal glandular structures were present,
and the nuclear-cytoplasm ratio was high. The cells had hyper-
chromatic nuclei and prominent nucleoli (Figure 2). Pulmonary
artery pressure (PAP) was measured at 93/39 (60) mm Hg, and the
cardiac index (CI) was 1.63 L/min/m? Imatinib (200 mg/d) was
administered as part of a clinical trial, which was approved by the
Institutional Review Board of the University of Tokyo Hospital.
Nine days after administering the anti—platelet-derived growth
factor (PDGF) agent imatinib, the PAP was reduced to 87/30
(50) mm Hg, and the CI was improved to 2.83 L/min/m?. Because
this suggested that imatinib might be effective for this patient, we
increased the dose to 400 mg, adding tadalafil (40 mg/d). Afterward

Clinical Breast Cancer April 2015

the patient was able to discontinue the use of the inotropic agent.
Although the PAP was slightly elevated to 95/44 (56) mm Hg, the
CI was 2.97 L/min/m?, and it was possible to maintain hemody-
namic stability. There was no worsening of the respiratory condition
or right heart failure. However, the patient died of progression of
breast cancer 54 days after her initial admission to our hospital.
During autopsy, an embolus of tumor cells was noted in the
pulmonary artery, accompanied by intimal hyperplasia. The lumen
of the pulmonary artery was severely narrowed. Tumor cells were
immunohistochemically positive for PDGF-B (Figure 3).

Discussion

PTTM is a rare cancer-related pulmonary complications, leading
o hypoxia, pulmonary hypertension, and hearr failure. von Herbay
et al reported that the incidence of PTTM was 3.3% (21 cases in
630 carcinoma autopsies).” They showed that all 21 cases had
carcinoma with distant metastases and that 19 cases had adeno-
carcinomas in various organs. Among these were 2 cases of breast
cancer, whereas stomach cancer was the most common. Okubo et al
also reported 6 cases of PTTM in 37 gastric carcinoma autopsies,
the incidence being 16.2%.

No diagnostic methods for PTTM have yet been established.
Generally, enhanced computed tomography shows no evidence of
pulmonary embolism, but ventilation- perfusion scanning tends to
be useful. Scintigraphy characteristically reveals multiple sub-
segmental mismatched defects. Pulmonary angiography might be
expected to be the gold standard method for PTTM. However, it
has been reported that its sensitivity and specificity for detecting
tumor emboli were both poor.j For our patient, right-heart cathe-
terization and wedged pulmonary artery blood cell sampling did
confirm the clinical diagnosis of PTTM.
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Despite the recent development of morphometric and immu-
nohistochemical analyses, the mechanism of PTTM is still unclear.
Roberts et al presented 2 hypotheses for the development of pul-
monary hypertension and right-heart failure in pulmonary tumor
embolism. * The first is that the dysregulation of signaling pathways,
which respond to the presence of an embolic cell or other intra-
vascular insult, cause vascular remodeling.

The second hypothesis proposes that tumor emboli occlude the
pulmonary artery bed and increase pulmonary vascular resistance.

von Herbay et al described the morphologic findings of PTTM in
a previous report.” They revealed that PTTM induced both local
activation of coagulation and fibrocellular intimal proliferation. This
study reported that tumor cells invaded the pulmonary vascular
system and occluded the small arteries and arterioles that activate
coagulation systems, releasing inflammartory mediators and growth
factors. This process induced fibrocellular proliferation and luminal
stenosis.” Okubo et al also reported the morphometric analysis of
pulmonary arteries and suggested that pulmonary artery remodeling
induced by carcinomatous cell adhesion to the endothelium affected
the status of pulmonary hypertension.”

Several studies revealed that cancer cells produced the molecules
that cause PTTM. Okubo et al revealed that all 6 of their PTTM
cases showed positive reactivity for tissue factor (TF), 5 showed
positive reactivity for vascular endothelial growth factor (VEGEF),
and 3 showed positive reactivity for osteopontin (OPN). There were
some reports suggesting that VEGF and TF might play important
roles in the pathogenesis of PTTM. VEGF and TF expression by

carcinoma cells has been confirmed in many cases.” " VEGF has
been known to be an endothelial cell—specific angiogenetic
mitogen.” VEGF is associated with the proliferation of endothelial
cells and includes angiogenesis involved in embryonic development,
tumor angiogenesis, and wound healing.’* Recently, VEGF has
been reported to be involved in pulmonary hypertension. *’
addition to VEGF, TF also is an important factor involved in
intracellular signaling, cellular proliferation, and the development of
blood vessels. TF contributes to factor VIla—catalyzed activation of
factors IX and X.* It has been reported that TF produced by tumor
cells might play an important role in the pathogenesis of PTTM '
and that expression of TF upregulated the VEGF gene and

1316

“In

enhanced tumor angiogenesis.

Takahashi et al reported a case of PTTM with OPN expression. '
OPN is an arginine-glycine-aspartic acid—containing protein
secreted by a variety of cells, including osteoclasts, activated T cells,
activated macrophages, and various cancer cells.’” In Takahashi
et al’s autopsied case of gastric adenocarcinoma, the tumor cells
(both in PTTM lesions and primary gastric carcinoma) and
proliferating fibromuscular intimal cells also showed positive
immunoreactivity for OPN, PDGF, and VEGF. They suggested
that OPN promoted fibrocellular intimal proliferation as well as
thrombus formation and pulmonary hypertension in the patho-
genesis of PTTM. "

It is also important to consider PDGF and PDGF receptor
(PDGFR). '* von Herbay et al speculated that attachment of tumor
cell emboli might damage endothelial cells and release PDGF in

Clinical Breost Cancer April 2015

— 789 —

el69



Imatinib for Pulmonary Hypertension in MBC

PTTM.' Yokomine et al reported an autopsied case of PTTM
caused by a gastric carcinoma that expressed PDGF and PDGFR in
tumor cells.”” They also revealed that the overexpression of PDGF
was detected in alveolar macrophages and PDGFR in intimal
mesenchymal cells in the pulmonary artery wall, which suggested
the contribution of the activated alveolar macrophages to the onset
of PTTM.

The standard treatment for PTTM is not established, but it is
possible that imatinib, which is a tyrosine kinase inhibitor of the
PDGER, led to regression of pulmonary hypertension and pulmo-
nary artery remodeling in PTTM in a Japanese case report.””

In our patient, imatinib was administered as part of a clinical trial
approved by the Institutional Review Board of the University of
Tokyo Hospital. Although both PAP and the CI temporarily
improved after administration of imatinib, the single-agent
administration of imatinib did not suppress the disease progres-
sion of breast cancer itself. However, imatinib was efficacious in
preventing the deterioration of hemodynamics and the progression
of respiratory failure. The fact that tumor cells were immunohis-
tochemically positive for PDGF-B suggested that PDGF played a
role in causing PTTM and seemed to support, in this case, the
efficacy of imatinib. The patient had not been able to tolerate
chemotherapy at symptom onset because: of her poor physical
condition. It would be valuable to conduct.a well-designed clinical
trial to evaluate the use of chemotherapy combined with imatinib
for PTTM.

Conclusion

PTTM is a cancer-related pulmonary complication that is fatal
because of its extremely rapid progression. Therefore, it is important
to be aware of PTTM as a differential diagnosis for patients with
progressing hypoxia without pulmonary embolism. Imatinib might
prove to be an effective therapy for PTTM, but further investigation
will be necessary to confirm whether this is the case.
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