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Abstract 

We report the history of a woman who developed four intracranial meningiomas during 11 years of therapy with 
the synthetic progesterone agonist megestrol. After discontinuation of the drug at age 75 years, she improved 
clinically and a CT scan showed near complete regression of the meningiomas by 78 years. Autopsy was per-
formed at 83 years of age following an accidental death. At the tumor sites, we found both collagenous tissue 
with small islands of low grade meningioma having strong nuclear immunoreactivity for progesterone receptor 
and lipomatous tissue. A literature review showed similar cases of radiologic meningioma regression following 
discontinuance of progestins. Our case is the first one with histopathologic characterization of the end point. 
 

Keywords: Autopsy, Meningioma, Megestrol, Progesterone receptor, Tumor involution 

 

Introduction 

Meningiomas are twice as common in females 
as in males. These tumors are known to express pro-
gesterone receptor and to a lesser extent estrogen 
receptors [1, 2]. Numerous case reports and popula-
tion-based studies show increased risk for meningi-
oma, tumor multiplicity, and tumor progression in 
women who receive synthetic progestins including 
cyproterone acetate, megestrol acetate (also called 

nomegestrol), and chlormadinone acetate [3–10]. 
Progestin-associated meningiomas are often lo-
cated at the skull base and have higher frequencies 
of PIK3CA and TRAF7 mutations [11]. Some tumors 
decrease in size after drug discontinuation [12, 13], 
although administration of the antiprogesterone 
agent mifepristone has not been shown to be effica-
cious for treatment of progestin-induced meningi-
oma [14, 15]. Here we report the autopsy findings 
in a woman who developed multiple intracranial 
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Figure 1. CT scans with contrast enhancement of brain showing dura-based tumors in the right parasellar, left frontal, and left parietal 
regions in a woman at ages 73.5 and 74.8 years when taking megestrol, and at ages 75.7 years and 82 years, after megestrol had been 
discontinued. 

tumors during long-term therapy with the proges-
terone agonist megestrol acetate. The tumors, pre-
sumed to be meningiomas, regressed almost 
entirely upon cessation of the drug. 

Clinical summary 

At 64 years age, this woman underwent hyster-
ectomy with bilateral salpingo-oophorectomy for 
low grade endometrial stromal sarcoma and was 

placed on progesterone therapy with megestrol 
160 mg daily. Regular imaging follow-up in the sub-
sequent decade showed no evidence of local recur-
rence or metastatic disease. Psoriasis had been 
treated with oral methotrexate intermittently from 
age 62 to 73 years, acitretin, a retinoid, for 1 year at 
age 74, and apremilast, a selective inhibitor of the 
enzyme phosphodiesterase 4 / PDE4, from age 77 to 
83. The past medical history of the woman also 
included diabetes mellitus type 2, hypothyroidism, 
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and arterial hypertension for which she was treated 
with metformin, levothyroxine, nifedipine, and 
hydrochlorothiazide, respectively. CT scans of the 
head had been done at 56 and 66 years because of 
headaches; these showed minor ischemic changes 
in cerebral white matter and no evidence of intra-
cranial tumor. 

 

Figure 2. Line graph showing change in meningioma sizes on CT 
scans over time. Tumor size (in cm) is reported for the greatest 
dimension only. The arrow shows the time when megestrol was 
started and the vertical line shows the time when megestrol was 
discontinued. 

At age 73 years, the woman presented with 
labile emotions and confusion. She had a mild rest-
ing tremor but no localizing signs. A CT scan of the 
head showed three dura-based tumors in the left 
parietal / posterior falx region (2.9 cm), the left 
frontal / anterior falx region (2.8 cm), and the right 
parasellar region (1.7 cm) (Figures 1 and 2). Meas-
urements presented in Figure 2 are from the CT 
scans. All tumors were isointense with gray matter 
on unenhanced imaging, and all were bright follow-
ing contrast enhancement. The tumors were 
thought to be meningiomas. A single magnetic reso-
nance (MR) study was incomplete because of claus-
trophobia. The brain tumors were isointense on the 
T1 sequence. Approximately 1 year later at 74.8 
years of age, the woman stopped eating and was 
unable to walk, whereupon she was admitted to 
hospital. A CT scan at the time of admission showed 
further enlargement of two tumors with significant 
local mass effect and surrounding vasogenic edema 
(Figure 1). The woman was judged not to be a can-
didate for neurosurgical intervention. A CT scan two 
months after discontinuation of megestrol showed 

that the two largest tumors had decreased in size, 
whereas a new small en plaque tumor had appeared 
in the lateral part of the left frontal lobe. During a 
one year hospital stay without specific anti-neo-
plastic therapy, the neurologic status of the woman 
gradually improved. A CT scan at 75.7 years age 
showed that all tumors had decreased (Figure 1 and 
Figure 2). At age 76 years, the woman returned to 
independent living and regained her motor vehicle 
driving license. 

At age 77 years her tremor had increased 
slightly. CT scans at 78 and 82 years age showed mild 
diffuse cerebral atrophy and all intracranial tumors 
had disappeared by 82 years age (Figure 1 and 
Figure 2). The woman died after choking on food at 
83 years. 

Complete autopsy was performed 3 days after 
death. The body was that of a thin female with no 
somatic evidence of malignancy, including in the 
pelvis at the site of the original endometrial 
sarcoma. 

Pathological findings 

The brain weight was 1137 g. The inner surface 
of the skull had extensive lobulated hyperostotic 
areas involving both frontal bones. Corresponding 
to the sites of the tumors identified on earlier CT 
scans, the dura mater along the skull base anterior 
to the left olfactory groove had a soft, yellow lesion 
(approximately 2 x 1 x < 0.3 cm) (Figure 3a). The 
dura mater in the right parasellar region was thick-
ened and yellow. The internal surface of the para-
median left parietal convexity dura was focally thick-
ened (approximately 3 x 2 x 0.5 cm) with adhesion 
to the brain (Figure 3b). The leptomeninges were 
unremarkable. Coronal slices through the cerebral 
hemispheres demonstrated minimal focal atrophy 
in the left frontal lobe tip and more pronounced 
atrophy with cavitation of the subcortical white 
matter in the left medial parietal region. 

Microscopic features of the dura mater from 
the three identifiable previous tumor sites were all 
similar showing multiple small collections of menin-
gothelial cells (Figure 3d), fibrovascular hyperplasia, 
and focal lipomatous meningioma (Figure 3c). The 
latter resembled adipose tissue and did not include 
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Figure 3. a) Photograph showing the anterior cranial fossa with left frontal bone hyperostosis and yellowish thick, firm tissue (arrow) 
reflected from the anterior falx cerebri at the time of autopsy. b) Photograph showing the thickened dura mater near the superior sagittal 
sinus in the left parietal region after formalin fixation. c) Photomicrograph showing the left parietal dura and fibrotic tumor with lipoma-
tous meningioma (arrow). Hematoxylin & eosin stain, original magnification 12.5x. d) Photomicrograph showing a cluster of meningothe-
lial cells in the left frontal tumor. H&E stain, original magnification 200x. e) Photomicrograph showing the residual left parietal tumor with 
immunoreactivity for epithelial membrane antigen (EMA) in brown with blue hematoxylin counterstain. Original magnification 100x. 
f) Photomicrograph showing the residual left frontal tumor with nuclear immunoreactivity for progesterone receptor (PR) in brown. 
Original magnification 200x. 
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meningothelial cells with foamy cytoplasm i.e. lipid-
ized or xanthomatous change [16, 17]. Im-
munostains for epithelial membrane antigen (EMA) 
and progesterone receptor (PR) highlighted the 
meningothelial cell aggregates buried within the col-
lagenous tissue (Figures 3e and 3f). Nuclei in the 
lipomatous component were predominantly nega-
tive for PR. The cells were negative for cytokeratin 
(AE1AE3), estrogen receptor (ER), WT1, and CD10 
although fibroblasts and lipomatous cells were pos-
itive for CD10. This excludes the remote possibility 
that these lesions represented metastatic endome-
trial stromal sarcoma. An immunostain for Ki67 
showed no cell proliferation in the meningothelial 
aggregates. Based upon the histopathological 
features, we conclude that these lesions represent 
regressed meningiomas. Based upon the history of 
regression, inflammatory pseudotumor was also 
considered, but the patient had been on no anti-in-
flammatory therapy and the residual tissue mass 
showed no features of inflammation. A small focus 
of extramedullary hematopoiesis was present in the 
parasellar region. The left frontal lobe tip and the 
left medial occipital parietal region at the sites of the 
previous tumors were atrophic. 

In addition to the intracranial tumors, there 
was an intermediate level of Alzheimer disease type 
neuropathologic change (NIA-AA score A2, B2, C2) 
[18] and there were extremely rare cortical Lewy 
bodies. There was no evidence for brainstem neuro-
degenerative changes to explain her tremor or 
swallowing difficulty. 

Discussion 

Spontaneous regression of intracranial menin-
giomas is rare and the histopathology of regressed 
meningiomas is not well documented. In this case 
report, we describe a woman with multiple menin-
giomas that appeared after a seven year period of 
treatment with megestrol, a synthetic progester-
one, and that vanished approximately three years 
after discontinuation of the drug. It has been re-
ported that meningiomas rarely regress following 
administration of estrogen antagonists e.g. mepiti-
ostane [19], post-partum [20], following menopause 
[21], or “spontaneously” [22]. Several case reports 
and small series show radiologic regression of 

meningiomas after cessation of progestin therapies 
with chlormadinone acetate, megestrol acetate, and 
cyproterone acetate [23–29]. In one series, osseous 
hypertrophy at the sites of regressed tumors was 
documented [8]. Notably, tumor growth and regres-
sion could not be attributed temporally to any other 
medication or disease process. Recent reviews of 
biological therapies used for dermatologic diseases 
including psoriasis highlighted very rare cases in 
which meningiomas were diagnosed in patients 
receiving methotrexate, secukinumab or etaner-
cept. The authors concluded that these drugs did 
not appear to cause, exacerbate, or shrink the 
tumors [30, 31]. One woman was prescribed apre-
milast, an inhibitor of phosphodiesterase 4 (PDE4), 
for her psoriasis during the period of meningioma 
regression [32]. Although PDE4 is reported to be 
expressed in some meningiomas, there is no evi-
dence that PDE4 inhibition can treat meningiomas 
[33]. 

In our case, the residual meningothelial cells 
were strongly immunoreactive for progesterone 
receptor (PR), as is often reported for meningioma 
[1]. In cell culture, the presence of PR determines 
the responsiveness of meningothelial cells to pro-
gesterone [34]. Other experiments showed that pro-
gesterone in the culture medium does not have 
direct mitogenic effects but increases the sensitivity 
of meningioma cells to other mitogenic stimuli [35]. 
Specific molecular effects of the synthetic proges-
terone agonist megestrol have not been studied in 
detail in meningioma cells. Seemingly paradoxically, 
megestrol inhibits proliferation of cultured breast 
cells that express PR [36]. Meningiomas however 
differentially express several distinct steroid recep-
tor coactivators [37], which might explain why their 
response to sex hormones is variable and unpredict-
able [38]. 

The present report is the first one to show the 
histopathologic endpoint associated with meningi-
oma regression. Small clusters of residual menin-
gothelial tumor cells were present in a background 
of lipomatous tissue. The lipomatous variant of 
meningioma is a rare but well-recognized entity 
[16]. It should be noted that the tumors, at their 
apex, had specific imaging characteristics with 
isointensegray matter on CT and MR suggestive of 
more common forms of meningioma, in contrast to 
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the features of lipomatous meningioma which are 
hypointense on CT scans and hyperintense on T1-
weighted MR [39]. Whether conversion of meningi-
oma to lipomatous meningioma [16] necessarily 
accompanies regression is unknown. Some authors 
have argued about the nature of this is phenomenon 
which may be regressive or metaplastic [16, 39, 40]. 
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