
Anti-VEGF therapy in pituitary carcinoma

Leon D. Ortiz • Luis V. Syro • Bernd W. Scheithauer •

Ayca Ersen • Humberto Uribe • Camilo E. Fadul •

Fabio Rotondo • Eva Horvath • Kalman Kovacs

Published online: 15 September 2011

� Springer Science+Business Media, LLC 2011

Abstract We report the case of a 44-year-old male patient

with an aggressive silent corticotroph cell pituitary adenoma,

subtype 2. In that it progressed to carcinoma despite tem-

ozolomide administration, anti-VEGF therapy was begun.

MRI, PET scan and pathologic analysis were undertaken.

After 10 months of anti-VEGF (bevacizumab) treatment no

progression of the lesion was noted. The tumor was biopsied

and morphological analysis showed severe cell injury, vas-

cular abnormalities and fibrosis. Bevacizumab treatment has

continued for additional 16 months to present with stabil-

ization of disease as documented on serial MRI and PET

scans. This is the first case of a bevacizumab-treated pituitary

carcinoma with long-term, now 26 months, control of dis-

ease. The present findings are promising in that anti-angio-

genic therapy appears to represent a new option in the

treatment of aggressive pituitary tumors.
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Introduction

The term angiogenesis denotes the neoformation of blood

vessels [1]. Oxygen plays an important role in its regulation

through Hypoxia-Inducible Factor (HIF) [2]. Recognition

that control of the process has therapeutic implications

inspired extensive research [3]. Stimulation of angiogene-

sis is of therapeutic importance in ischemic heart disease,

peripheral vascular disease, and wound healing [4]. Inhi-

bition of angiogenesis may be of therapeutic value in

various types of cancer in and age-related macular degen-

eration [5–7]. Increased vascularity leading to accelerated

tumor growth was reported in several tumor types. Folk-

man suggested that anti-angiogenesis could be an effective

strategy in the treatment of tumors [8].

Subject and methods

Case report

A 38-year-old male patient with an aggressive silent corti-

cotroph cell adenoma, subtype 2 presented in 2005. After four

prior surgeries and radiotherapy, tumor persisted and grew

L. D. Ortiz

Division of Neuro-Oncology, Instituto de Cancerologia,

Clinica Las Americas, Medellin, Colombia

L. V. Syro

Department of Neurosurgery, Hospital Pablo Tobon Uribe

and Clinica Medellin, Medellin, Colombia

B. W. Scheithauer (&)

Department of Laboratory Medicine and Pathology,

Mayo Clinic, 200 First Street, SW, Rochester, MN 55905, USA

e-mail: scheithauer.bernd@mayo.edu

A. Ersen

Department of Pathology, Dokuz Eylul University,

Izmir, Turkey

H. Uribe

Department of Neurosurgery, Clinica SOMA, Medellin,

Colombia

C. E. Fadul

Section of Hematology/Oncology and Neurology,

Dartmouth Hitchcock Medical Center, Lebanon, NH, USA

F. Rotondo � E. Horvath � K. Kovacs

Department of Laboratory Medicine, St. Michael’s Hospital,

University of Toronto, Toronto, ON, Canada

123

Pituitary (2012) 15:445–449

DOI 10.1007/s11102-011-0346-8



(Fig. 1a). A subtotal resection was undertaken (Fig. 1b).

Temozolomide (TMZ) was administered at a standard-dose

and regimen (200 mg/m2/day, 5/28) for 8 months (Fig. 1c)

but without response. He was again operated (Fig. 1d). TMZ

was restarted at the same dose and continued for 16 months,

during which time he developed two vertebral metastases at

levels C2 and T1. Both were confirmed by surgery and

pathology (Fig. 1e). Since 06-methylguanine-DNA methyl-

transferase (MGMT) immunoexpression was high, TMZ was

administered in a metronomic dose (75 mg/m2/day continu-

ously, 28/28) in order to deplete MGMT. Focal radiotherapy

to the spine was also undertaken. Eight months later, a sellar

tumor regrowth was noted (Fig. 1f), which prompted reop-

eration (Fig. 1g). Histologically, as documented in a prior

publication, the tumor showed no morphological change [9].

Conclusive VEGF immunoreactivity was found in the cyto-

plasm of tumor cells. Intravenous bevacizumab therapy was

started at 10 mg/kg every 2 weeks. At 10 months, no pro-

gression was noted and the tumor was biopsied. Bevacizumab

treatment has continued for additional 16 months. Presently,

after 26 months of treatment, resultant stabilization of the

disease is documented on serial MRI and PET scans (Fig. 1h,

i). No new metastases were noted.

Pathology

The surgically removed tumor was formalin-fixed, paraf-

fin-embedded, sectioned at 5 microns and stained with

hematoxylin-eosin and the periodic acid-Schiff (PAS)

method. Immunohistochemistry employed the streptavidin

biotin peroxidase complex method. For transmission

electron microscopy, glutaraldehyde-fixed, osmicated,

Epon-embedded tissue was studied on a Hitachi 7650

transmission electron microscope.

Results

Pathology

The specimen resected at the 10th month of bevacizumab

therapy showed severe cellular injury and fibrosis. When

Fig. 1 Magnetic resonance imaging (MRI) and positron emission

tomography (PET) scans documenting the evolution of the patient.

a Preoperative MRI scan. b Postoperative MRI scan demonstrating

subtotal resection. c Tumor regrowth after 8 months of standard-

regimen temozolomide treatment. d Postoperative MRI after subtotal

re-excision. e Spinal metastases at C2 and T1 after 16 months of

standard-regimen temozolomide treatment. f Sellar tumor recurrence

after 8 months of temozolomide treatment at metronomic dose.

g Postoperative MRI. h MRI after 24 months of bevacizumab therapy

showing stabilization of the sellar lesion. i PET scan with no new

metastatic lesions
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compared with the previous specimens (Fig. 2a), both the

ACTH and b-endorphin immunopositive tumor cells were

ultrastructurally smaller, many but not all having under-

gone cytoplasmic vacuolization and rupture of cell mem-

branes (Fig. 2b). Fibrosis was extensive, mainly affecting

vessels in perivascular zones (Fig. 2c). Large, irregular

vessels with thick walls as were many thin walled, newly

formed vessels were highlighted on endoglin immuno-

staining. Whether the vascular changes and the cellular

damage more dramatically noted ultrastructurally are

related to bevacizumab therapy is unclear. The patient had

twice undergone radiotherapy before the latest surgery.

This may have contributed to the severe fibrosis observed,

but the specimen obtained 1 year after radiotherapy

revealed none. Thus, our sequential morphologic analyses

suggest that the cell injury, vascular abnormalities, and

fibrosis are the effects of bevacizumab therapy.

Discussion

The vascular endothelial growth factor (VEGF) family

consists of five glycoproteins, VEGFA through D as well

as placental growth factor (PGF). Of these, VEGFA is best

characterized and commonly referred as VEGF [1]. It binds

to three transmembrane tyrosine kinase receptors and is

predominantly found on endothelial cells. VEGF affects

endothelial cell proliferation and survival, chemotaxis of

bone marrow-derived progenitor cells, vasodilatation and

vascular permeability. VEGF and its receptors are key

regulators of angiogenesis, and are regarded as prime

therapeutic targets.

Targeting VEGF is intended to prevent the formation of

new vasculature, blocking new vessel growth thus inhib-

iting tumor growth. Anti-angiogenic therapy can sensitize

tumor stem cells to radio- and chemotherapy approaches to

inhibit VEGF signaling include antibody neutralization of

the ligand or receptor and blocking VEGF activation and

signaling using tyrosine kinase inhibitors [10]. Bev-

acizumab, a recombinant, humanized, anti-VEGF mono-

clonal antibody, prevents the binding of VEGF to

endothelial surface receptors [11, 12]. As an angiogenesis

inhibitor delays tumor growth and it is used in the treat-

ment of colorectal non-small cell pulmonary, renal and

breast carcinoma, as well as recurrent anaplastic astrocy-

toma and glioblastoma [13–17]. Recently, it has been

Fig. 2 a The pre-bevacizumab

specimen demonstrated typical

features of pituitary adenoma

unassociated with degenerative

changes. b The post-treatment

specimen differed markedly.

Although 30% of the specimen

showed no significant cellular

abnormality, the remainder

featured nuclear irregularity,

massive cytoplasmic

vacuolization, breakage of cell

membranes and the

accumulation of membranous

whorls. c Vascular collagen

deposition was conspicuous

(2A 9 10,000, 2B 9 3,000,

2C 9 8,000)
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proved useful in the treatment of cerebral radiation necrosis

[18]. Having a circulating half-life of *20 days, its opti-

mal dose is 5–10 mg/kg every 2 weeks.

Pituitary carcinomas present a major therapeutic chal-

lenge. The spectrum of adjuvant therapies has proven

palliative at best. Since 2006, temozolomide (TMZ) has

been found efficacious in aggressive pituitary adenomas

and carcinomas, the response rate being approximately

60% [19, 20].

This is the first case of a bevacizumab-treated pitui-

tary carcinoma with long-term control of disease, now

26 months. Understandably, the present findings prompt

enthusiasm in that anti VEGF therapy appears to represent a

new option in the treatment of pituitary carcinoma. None-

theless, more cases must be investigated before recom-

mending the treatment. Caution is in order given the

significant side effects of bevacizumab, including hyper-

tension, hemorrhage, thrombosis, embolism, cerebrovascu-

lar ischemia, gastrointestinal perforation and impaired

wound healing [21, 22].

Another important problem stems from the well known

occurrence of tumor cell heterogeneity. Since several

mutations may occur during neoplastic progression, tumor

cells may respond differently. For example, some cells do

not need much oxygen to thrive. Although some may die

under hypoxic conditions, others survive, especially peri-

vascular tumoral cells, successfully multiplying, invading

and even giving rise to metastases [23–26]. Thus, it may be

advisable to combine bevacizumab with chemotherapeutic

agents, perhaps irinotecan or temozolomide [27], because

bevacizumab does not seem to have direct cytolytic effect

but besides its anti-angiogenic action it could sensitize

tumoral cells to chemotherapy.
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