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A B S T R A C T   

A 52-year-old woman with right-sided breast cancer was diagnosed with a left pulmonary arteriovenous mal-
formation (PAVM) by computed tomography (CT). Percutaneous embolization of the PAVM after treatment of 
the breast cancer was scheduled to prevent a paradoxical embolic event. She underwent lumpectomy, followed 
by systemic chemotherapy in combination with tangential field radiotherapy. Subsequently, she received 
endocrine therapy with tamoxifen, anastrozole, and exemestane, sequentially. There was no change in the PAVM 
on CT performed during the administration of anastrozole. Subsequently, CT performed five months after 
switching to exemestane showed obviously decreased size of the affected vessels, and the sac had almost dis-
appeared. To the best of our knowledge, this is the first case report to describe the spontaneous regression of a 
PAVM during endocrine therapy for breast cancer.   

1. Introduction 

A pulmonary arteriovenous malformation (PAVM) is a rare clinical 
condition that involves anomalous direct communication between the 
pulmonary arterial and venous circulations through a thin-walled sac. A 
PAVM is strongly associated with hereditary hemorrhagic telangiectasia 
(HHT) and is present in up to 70% of HHT patients [1]. PAVMs typically 
remain unchanged in size or enlarge gradually in some cases [1,2]. 
However, spontaneous regression of a PAVM without any treatment is 
extremely rare [3,4]. A case of a PAVM that regressed during endocrine 
therapy with exemestane for breast cancer is reported. 

2. Case presentation 

A 52-year-old woman was diagnosed with right-sided breast cancer 
at a local clinic and referred to our hospital for further treatment. Her 
oxygen saturation (SaO2) level was 98% on room air. She had no history 
of dyspnea and no family history of hereditary hemorrhagic telangiec-
tasia (HHT). Blood tests including coagulation tests were within normal 
limits. A surveillance unenhanced CT scan showed no evidence of 
metastasis. Additionally, there were abnormal dilated vessels in the left 
lower lobe (segment 10) of the left lung (Fig. 1). By tracking the 

continuity of the blood vessels, a single feeding artery (3 mm in diam-
eter) was seen to arise from the pulmonary artery and was directly 
connected to a single draining vein (4mm in diameter) via a sac (7mm in 
diameter). Based on these findings, the patient was diagnosed as having 
stage I breast cancer with a pulmonary arteriovenous malformation 
(PAVM) classified as the simple type. Treatment priority was discussed 
with a surgeon, and the patient chose to have the breast cancer treated 
first. She underwent breast-conserving surgery, and the pathological 
diagnosis was stage II invasive breast cancer, estrogen-receptor-positive, 
progesterone-receptor-positive, and HER2-positive. Postoperatively, the 
patient received adjuvant chemotherapy with adriamycin, cyclophos-
phamide, paclitaxel, and trastuzumab in combination with tangential 
radiation (Fig. 2). Subsequently, she received endocrine therapy with 
tamoxifen (20 mg), a selective estrogen receptor modulator. However, 
the drug was changed to anastrozole (1 mg), an aromatase inhibitor, 3 
months later because continuous nausea occurred as an adverse effect of 
tamoxifen. CT performed 1 month after switching to anastrozole showed 
no change of the PAVM. Three months after starting anastrozole, the 
drug was changed to exemestane (25 mg), another type of aromatase 
inhibitor, because the patient had asymptomatic mild elevation of liver 
enzymes, which was considered to be an adverse effect of anastrozole. At 
that time, treatment of the PAVM was discussed with the surgeon, and 
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Fig. 1. Computed tomography images of the left lower lobe performed 1 month after starting anastrozole. Upper and lower columns show serial images of axial and 
coronal views, respectively. Continuity between a feeding artery (white arrow) and a draining vein (black arrow) via the sac (arrowhead). 

Fig. 2. Summary of the clinical course. ADM: adriamycin, CPA: cyclophosphamide, PTX: paclitaxel, TAM: tamoxifen, ANA: anastrozole, EXE: exemestane.  
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the patient was scheduled to undergo percutaneous embolization to 
prevent a potential recurrent paradoxical embolic event with her 
informed consent. Contrast-enhanced CT was performed 5 months after 
starting exemestane for preoperative evaluation of embolotherapy, 
which showed that the affected vessels of the PAVM had obviously 
decreased in size, and the fistula had almost disappeared (Fig. 3). 
Additionally, no enhancement of the PAVM was observed. Therefore, 
treatment for the PAVM was discontinued with the informed consent of 
the patient. The patient has still continued to take exemestane without 
any adverse effects. During endocrine therapy, there was no elevation of 
D-dimer and fibrinogen degradation products (FDP) levels and no 
obvious changes in blood tests, except a transient elevation of liver 
enzyme levels. Unenhanced CT performed approximately 3 years after 
starting exemestane showed no evidence of re-enlargement of the 
PAVM. Moreover, she did not have any clinical symptoms associated 
with the PAVM, including paradoxical embolization, brain abscess, 
hypoxia, or hemoptysis. 

3. Discussion 

There have been several reports of PAVMs, but the natural history of 
untreated PAVM has remained unclear. Several clinical studies with 
serial chest radiographs demonstrated that the majority of untreated 
PAVMs increase or are unchanged during follow-up [1,2]. The occur-
rence of PAVM regression without any treatment is extremely rare. 

Following a literature search using PubMed, only two reported cases 
were identified [3,4]. An observational study with serial chest radio-
graphs reported by Vase et al. reported that only one case of 16 un-
treated PAVMs showed almost complete regression (10-mm decrease in 
size) over the course of 14 years [3]. Gobara et al. reported a case of 
PAVM that regressed after acute interstitial nephritis, which required 
steroid therapy, that was confirmed by CT [4]. To the best of our 
knowledge, this is the first case with spontaneous regression of a PAVM 
during administration of an aromatase inhibitor. 

The mechanism underlying PAVM regression in the present case is 
unclear, but there is strong speculation about the hormonal effect of 
exemestane on the affected vessel, which is based on the following facts: 
CT performed during systemic chemotherapy, radiation therapy, and 
administration of tamoxifen and anastrozole showed no change of the 
PAVM, the patient received no additional medication, and no significant 
abnormality on blood tests except for mild liver enzyme elevation was 
seen until PAVM regression was detected. Although the relationship 
between sex hormones and AVM expansion is well documented, 
particularly in pregnancy [5,6], reports describing the interaction be-
tween a selective estrogen receptor modulator or aromatase inhibitor 
and arteriovenous malformation have been limited. Rapacciuolo et al. 
reported a case of hereditary hemorrhagic telangiectasia (HHT) with 
exacerbation of hypoxemia due to PAVM during endocrine therapy with 
tamoxifen for breast cancer [7]. Battista et al. described a case of HHT 
with increasing size of a hepatic AVM that mimicked liver metastasis 

Fig. 3. Computed tomography images performed 5 months after starting exemestane. Upper and lower columns show serial images of axial and coronal views, 
respectively. The affected pulmonary artery (white arrow) and pulmonary vein (black arrow) are markedly decreased in size, which appear almost equal to those of 
normal vessels. The sac is also obviously shrunk and appears scar-like (arrowhead). 
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during administration of anastrozole as adjuvant therapy for breast 
cancer [8]. Moreover, an observational study reported by Banc et al. 
suggested an interaction between the occurrence of a cranial dural 
arteriovenous fistulas and tamoxifen treatment [9]. These reports are 
discrepant with the course of the present case, but it is postulated that 
this discrepancy may be due to differences in drug or patient background 
characteristics (i.e. HHT vs. non-HHT). Exemestane has a steroid 
structure and irreversible binding to the aromatase enzyme, causing 
permanent inactivation even after the drug is cleared from the circula-
tion, whereas anastrozole is a nonsteroidal drug that competitively in-
hibits the conversion of androgens to estrogens [10]. Moreover, in 
contrast to anastrozole, exemestane has androgenic, progestogenic, or 
estrogenic effects, although it has no effect on basal cortisol and aldo-
sterone levels. Based on the fact that tamoxifen and anastrozole did not 
affect the size of the PAVM, and the estrogen-suppressing effect of 
exemestane is less than that of anastrozole [10], the regression of the 
PAVM in the present case might have been due to an 
estrogen-independent mechanism, as mentioned above (e.g., andro-
genic, progestogenic, or estrogenic effects of exemestane). Our hy-
pothesis might be supported by several studies reporting that sex 
hormone receptors including androgen, estrogen, and progesterone re-
ceptors are expressed in vascular malformations at various locations, 
and that androgen and progesterone receptors are more highly 
expressed in AVMs than estrogen receptors [11–13]. However, these 
studies did not include PAVMs, and thus, no conclusion could be reached 
about the relationship between sex hormones and PAVM regression. 

Another possible cause of PAVM regression in the present case may 
be thrombosis of the PAVM due to exemestane, because venous 
thrombosis is a known adverse effect of this drug, although the incidence 
is low (1.2%) [14]. To date, a small number of cases of PAVM with 
spontaneous thrombosis has been reported [4,15–18]. Based on these 
reports, the incidence of spontaneous thrombosis of PAVMs is estimated 
to be 0.4–1.8% [15,16]. On the other hand, nearly complete regression 
of a PAVM has not been reported, except for one case reported by Gobara 
et al. that showed PAVM regression after acute interstitial nephritis, 
which was managed by steroid therapy [4]. In that case, the authors 
strongly believed that the spontaneous thromboembolism of the PAVM 
itself due to steroid was the major cause of regression of the PAVM 
because of the elevation of the D-dimer level during the clinical course. 
In the present case, there was no evidence of thromboembolism based on 
elevation of D-dimer and FDP levels during the clinical course, and thus, 
we believe that the hormonal effects of exemestane rather than throm-
bosis of the PAVM were the main cause of PAVM regression. In any case, 
the patient continues on exemestane and needs to be followed for PAVM 
recurrence. 

4. Conclusion 

A case of PAVM that regressed spontaneously during endocrine 
therapy with exemestane for breast cancer was presented. Although the 
precise etiology in this case remains unknown, hormonal effects of 
exemestane might have been the main cause of this regression. 

Author contributions 

Kohei Hamamoto: Conceptualization, Writing - Original Draft. 
Kazushige Futsuhara: Writing- Reviewing and Editing. Emiko Chiba: 
Writing- Reviewing and Editing. Katsuhiko Matsuura: Writing- 
Reviewing and Editing. Maya Oishi: Writing- Reviewing and Editing. 
Noriko Oyama-Manabe: Supervision. 

Declaration of competing interest 

All authors have no conflict of interest, financial or otherwise. 

Acknowledgements 

We thank Forte Editing Services for English language editing. This 
research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. 

References 

[1] H. Sluiter-Eringa, N.G. Orie, H.J. Sluiter, Pulmonary arteriovenous fistula. 
Diagnosis and prognosis in noncompliant patients, Am. Rev. Respir. Dis. 100 
(1969) 177–188. 

[2] D.E. Dines, R.A. Arms, P.E. Bernatz, M.R. Gomes, Pulmonary arteriovenous fistulas, 
Mayo Clin. Proc. 49 (1974) 460–465. 

[3] P. Vase, M. Holm, H. Arendrup, Pulmonary arteriovenous fistulas in hereditary 
hemorrhagic telangiectasia, Acta Med Scad 218 (1985) 105–109. 

[4] H. Gobara, T. Hiraki, T. Iguchi, H. Fujiwara, M. Kitagawa, N. Hanayama, 
S. Kanazawa, Regression of a pulmonary arteriovenous malformation after acute 
interstitial nephritis, Intern. Med. 55 (2016) 1487–1489. 

[5] A.S. Liu, J.B. Mulliken, D. Zurakowski, S.J. Fishman, A.K. Greene, Extracranial 
arteriovenous malformations: natural progression and recurrence after treatment, 
Plast. Reconstr. Surg. 125 (2010) 1185–1194. 

[6] Esplin MS, Varner MW. Progression of pulmonary arteriovenous malformation 
during pregnancy: case report and review of the literature. Obstet. Gynecol. Surv. 
52:248-253. 

[7] A. Rapacciuolo, G. Carlomagno, E. Di Pietro, V. Fazio, S. Fazio, Late onset of 
hypoxemia due to a pulmonary arteriovenous malformation during selective 
estrogen receptor modulator therapy, J. Am. Coll. Cardiol. 55 (2010) e9. 

[8] M.J. Battista, M.H. Eichbaum, W.P. Hosch, N. Fersis, C. Sohn, Extensive Osler- 
Rendu disease in a breast cancer patient: increasing hepatic arteriovenous 
malformations under endocrine therapy mimicking liver metastases, Onkologie 31 
(2008) 328–331. 

[9] T. Robert, R. Blanc, D. Valsecchi, D. Botta, G. Ciccio, S. Smajda, H. Redjem, 
C. Chaalala, M. Piotin, Tamoxifen treatment and occurrence of dural arteriovenous 
fistulas: an observational study on a series of patients presenting tamoxifen history 
and diagnosis of DAVf, J. Neurol. Sci. 385 (2018) 115–118. 

[10] A.U. Buzdar, J.F. Robertson, W. Eiermann, J.M. Nabholtz, An overview of the 
pharmacology and pharmacokinetics of the newer generation aromatase inhibitors 
anastrozole, letrozole, and exemestane, Cancer 95 (2002) 2006–2016. 

[11] L.J. Duyka, C.Y. Fan, J.M. Coviello-Malle, L. Buckmiller, J.Y. Suen, Progesterone 
receptors identified in vascular malformations of the head and neck, Otolaryngol. 
Head Neck Surg. 141 (2009) 491–495. 

[12] A.M. Kulungowski, A.H. Hassanein, V. Nosé, S.J. Fishman, J.B. Mulliken, J. Upton, 
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