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Expression of Progesterone Receptor and Its Association with Clinicopathological

Characteristics in Meningiomas: A Cross-Sectional Study
Leah Mnango1, Angela Mwakimonga1, Advera I. Ngaiza1, James J. Yahaya2, Edda Vuhahula3, Amos R. Mwakigonja3
-BACKGROUND: Meningiomas that are progesterone
receptor positive have a low recurrence rate and good
prognosis compared to those that are progesterone re-
ceptor negative. This study aimed to determine the preva-
lence of expression of progesterone in meningiomas and
its association with clinicopathological characteristics.

-MATERIALS AND METHODS: Thiswas a cross-sectional
laboratory-based study that was conducted at Muhimbili
National Hospital. The study included 112 formalin-fixed
paraffin-embedded tissue blocks of patients who were
confirmed to have meningiomas on histological basis from
January 2010 to December 2014. Immunohistochemical
expression of progesterone receptor was tested using a pri-
mary monoclonal progesterone receptor antibody ready to
use (IR 068 Dako). The c2 test was used to determine the
association between clinicopathological characteristics and
progesterone receptor expression. A 2-tailed P < 0.05 was
considered significant.

-RESULTS: The mean age of the patients was 45.5 � 3.601
years, and majority (66.1%, n [ 74) were in the age group
between 31 and 60 years. Also, majority of the patients
(60%, n [ 67) in this study were females. Over one-third of
the cases (34.8%, n [ 39) comprised of meningotheliom-
atous subtype, and majority of the cases (89.3%, n [ 100)
were of grade I. The prevalence of progesterone expres-
sion was 54.5% (n [ 61), and only age was associated
with progesterone receptor expression (P [ 0.043).

-CONCLUSION: The finding of high expression of the
progesterone receptor for grade I cases in this study
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indicates that progesterone receptor expression in
meningiomas is of prognostic value and may be considered
when evaluating patients for management. Lack of
expression of progesterone receptor in all the malignant
cases is intriguing and needs further studies that can
investigate its prognostic role.
INTRODUCTION
eningiomas are the most common primary benign tu-
mors of the central nervous system (CNS) as well as
Mintradural part of the spinal cord.1 These are slow

growing tumors; however, they may recur and cause significant
morbidity and mortality.2 According to the World Health
Organization (WHO) report of 2007, meningiomas account for
approximately 20% and 25% of all primary CNS and spinal cord
tumors, respectively. Furthermore, the report revealed that
approximately 30% of the diagnoses are usually established
during autopsy.3 The Central Brain Tumor report, which was
produced in the United States among patients with meningiomas
between 2004 and 2008, revealed that the age-adjusted incidence
rate of meningioma was 3.76 per 100,000 person-years for men and
8.44 per 100,000 person-years for women.4 In the United Kingdom,
the epidemiology of meningiomas has remained constant for over
12 years from 1996 to 2008 where women have been reported to
have a 2-fold increased risk of developing meningioma compared
with men.5 The incidence of meningioma in Africa has been
reported to stand at 30%.6 A prevalence of 26% of meningiomas
among intracranial tumors was reported in a study that was
previously conducted in Tanzania.7
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The prevalence of expression of progesterone receptor (PR)
among patients with meningioma has been reported to be deter-
mined by different clinicopathologic factors particularly tumor
grade as it was established by the WHO.8 For example, Shayanfar
et al9 reported that the expression of PR for grades I, II, and III
was 96.8%, 20%, and 0%, respectively. Another study that was
performed in German reported that only WHO grade I
meningiomas were PR positive and all cases with WHO grades
II and III were negative.10 Other studies have shown that
meningiomas that are positive for PRs usually have better
prognosis and they have very limited chances of recurrence.11,12

Because tumor biology has been reported to be influenced by
genetical composition, which in turn is usually determined by the
race of the individuals and also their geographical location,13,14 we
thought of conducting this study among Tanzanians with
meningiomas so as to determine the level of PR expression using
formalin-fixed paraffin-embedded (FFPE) tissue blocks of patients
who were diagnosed with meningiomas between 2010 and 2014.
This was done for the purpose of addressing the knowledge gap
that exists regarding the level of expression of PR and the way it
may show association with the clinicopathological factors.

MATERIALS AND METHODS

Study Design and Setting
This was a cross-sectional descriptive laboratory-based study that
included 112 FFPE tissue blocks of meningioma cases diagnosed at
Muhimbili National Hospital from January 2010 to December 2014.
This hospital is the national referral hospital that receives patients
from different parts of the country and neighboring countries
including Kenya, Uganda, Burundi, and Rwanda. In addition, the
hospital is used as the teaching hospital for the Muhimbili
University of Health and Allied Sciences.

Study Population
The current study included 112 FFPE tissue blocks of patients who
were diagnosed on histological basis for a period of 5 years (2010e
2014). All cases diagnosed histologically as meningioma during
the study period with available intact FFPE tissue blocks as well as
clinical information were included in the present study. On the
other hand, all cases with missing or spoilt FFPE tissue blocks
and/or missing clinical information were excluded from the study.

Sample Size and Selection of the Cases
The sample size was obtained through retrospective reviewing of
all the recorded FFPE tissue blocks for both spinal cord and CNS
tumors at the Central Pathology Laboratory of Muhimbili National
Hospital.

Immunohistochemistry Staining for Progesterone Receptor
The obtained FFPE tissue blocks were sectioned at the thickness of
4.0 mm. Dewaxing was done by placing the slides on a hot plate at
60�C for 30 minutes; then they were placed in 3 changes of xylene
solution. This was followed by rehydration by dipping them in
descending concentration of ethanol (absolute, 95%, 80%, and
70%). Thereafter, the tissue slides were rinsed in distilled water. A
ring was made around the section using Dako pen to limit
spreading of the primary antibody. Two drops of peroxidase
2 www.SCIENCEDIRECT.com WORLD NEUR
blocking solution (SM 8OI; Dako, Glostrup, Denmark) were added
to each section and kept for 15 minutes so as to block endogenous
peroxidase activity.
Then the slides were rinsed in distilled water for 3 minutes. The

antigen retrieval solution consisting of 10.0 mM/dL of citrate
buffer at pH 7.6 (Batch DM 828; Dako) was heated in a pressure
cooker until it started to boil; then the slides were incubated in the
boiling antigen retrieval solution for 2 minutes of full pressure and
thereafter placed in distilled water at room temperature. Tris
buffer solution (TBS) (DM 831; Dako) was added to each section
for 3 minutes. The TBS was drained from the section, and the
primary monoclonal PR antibody ready to use (IR 068; Dako) was
added to the tissue sections and incubated for 1 hour. The slides
were washed in TBS for 5 minutes followed by the addition of 2
drops of horseradish peroxidase (SM 802; Dako) in each section
for 30 minutes.
Subsequently, the glass slides were rinsed in TBS for 5 minutes;

then a detection system consisting of 2,3-diaminobenzidin (Batch
DM 927; Dako) was added to the tissue sections for 5 minutes. The
tissue sections were rinsed in TBS and counterstained with Harris
hematoxylin solution for 3 minutes and differentiated in 1% acid-
alcohol for 2 dips. Then the tissue sections were blued in tap
running water for 2 minutes. This was followed by dehydrating
them through the ascending concentration of ethanol (70%, 80%,
95%, and absolute); they were then cleared in 3 changes of xylene
and the slides were ready for interpretation.
The positivity was interpreted according to the nuclear staining

of the tumor cells using a light microscope at a high power field as
it was done in a previous study.15 A total number of 100 tumor
cells were counted, of which the percentage of positive cells was
derived in nonconsecutive 10 fields at high magnification.
Staining of the tumor cells was reported as follows: 0 ¼ 0%
tumor cells, 1 ¼ 1%e29% tumor cells, 2 ¼ 30%e59% tumor
cells, and 3 ¼ 60%e100% tumor cells. The intensity was graded
as 0 ¼ absent, 1 ¼ weak, 2 ¼ moderate, and 3 ¼ strong. Cases
with intensity of 0 and 1 were considered negative, whereas
those with intensity of 2 and 3 were regarded to be positive.
Positive control was obtained from a known case of breast
cancer, whereas negative control was obtained by omitting the
primary antibody. Reporting of the immunohistochemistry (IHC)
stained tissue slides was done by 2 independent experienced
pathologists who were first blinded to the clinical history of the
patients.

Data Collection Methods
Data regarding age, sex, and location of the tumor were extracted
from the patients’ clinical files. Moreover, the histological types,
WHO grades, and PR status were recorded after reporting of the
hematoxylin and eosin and IHC stained tissue slides, respectively.

Statistical Analysis
We analyzed the data collected using SPSS statistics version 20.0
software (IBM, USA). Categorical and continuous variables were
summarized as percentages and mean � standard deviation,
respectively. The c2 and Fisher’s exact tests were used to deter-
mine the association of the clinicopathological characteristics with
PR expression. The association was considered significant when
the P value was found to be less than 5%.
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2021.100111
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Figure 1. Flow chart indicating the process of selection of the cases included in the study. CNS, central nervous
system.

ORIGINAL ARTICLE

LEAH MNANGO ET AL. PROGESTERONE RECEPTOR EXPRESSION IN MENINGIOMAS
RESULTS

Selection Process of the Cases Included in the Study
Figure 1 shows the steps through which the cases included in the
present study were selected and excluded. A total of 372 specimens
from patients with both CNS and spinal cord tumors were reported
at the histopathology unit from January 2010 to December 2014. Of
these, 37.6% (n ¼ 140) were histopathologically confirmed to be
meningioma. On the basis of the inclusion criteria, we found that
Figure 2. Frequency distribution of the histological types of meningiomas
in the study.
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20% (n ¼ 28) of the cases whom were confirmed meningiomas
could not meet the inclusion criteria and therefore were excluded
from the study.
Demographic Characteristics of the Patients
The mean age of the patients in this study was 45.5 � 3.601 years
(range: 4e72 years). Of all the meningioma cases, the majority
(60%, n ¼ 67) were found among females and 40% (n ¼ 45) were
Figure 3. World Health Organization (WHO) grading of the meningiomas
included in the study.
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Table 1. Frequency Distribution of Meningiomas in the Study by
Anatomical Sites (N ¼ 112)

Anatomical Site Frequency (n) Percentage (%)

Temporoparietal 21 18.8

Olfactory 16 14.3

Frontal 14 12.5

Sphenoid wing 12 10.7

Falx 11 9.8

Parasagittal 10 8.9

Posterior fossa 7 6.3

Cerebellum 5 4.5

Spine 4 3.6

Others 12 10.7
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in males. The male-to-female ratio of meningiomas in our study
was 1:1.5. However, the peak age of occurrence of meningiomas
was between 31 and 60 years, which consisted of 66.1% (n ¼ 74) of
all the cases.

Frequency Distribution of the Histological Types of Meningiomas
in the Study
By far meningotheliomatous variant of meningioma was the most
common histological type (34.8%, n ¼ 39) followed by fibroblast
type that comprised 24.1% (n ¼ 27), and microcystic, secretory,
and angiomatous types were the least types that comprised 2.7%
(n ¼ 3). Other histological variants are detailed in Figure 2.

Tumor Grading Among the Cases Included in the Study
Regarding the WHO grading of meningiomas in this study, we
observed that majority of them (89.3%, n ¼ 100) were of grade I
(typical meningiomas) followed by grade II cases (atypical me-
ningiomas) that comprised 8% (n ¼ 9) cases and grade III or
malignant meningiomas that comprised 2.7% (n ¼ 3) cases
(Figure 3).
Figure 4. The frequency of progesterone receptor expression among
meningioma biopsies at Muhimbili National Hospital.
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Frequency Distribution of Meningiomas in the Study by
Anatomical Sites
A relatively high proportion (18.8%, n ¼ 21) of the meningiomas
reported in the present study were located in the temporoparietal
region followed by 14.3% (n ¼ 16) cases that were located in the
olfactory area. The spinal area was the region with a least number
of meningiomas that comprised only 3.6% (n ¼ 4) (Table 1).

Prevalence of Expression of Progesterone Receptor in the Study
Figure 4 presents the prevalence of PR expression in the study. Of
112 cases of meningiomas, 54.5% (n ¼ 61) were PR positive and
45.5% (n ¼ 51) were PR negative. Among the PR positive cases,
95% (n ¼ 58) were typical meningiomas (WHO grade I) and the
remaining (5%, n ¼ 3) were atypical (WHO grade II), and
surprisingly, all the malignant meningiomas were PR negative
(0%, n ¼ 3). Figure 5 shows the IHC staining of the various
histological subtypes of meningioma in the study.

Association of Progesterone Receptor Expression with
Clinicopathological Prognostic Factors Among Patients with
Meningiomas
We found that there was high expression of the PRs among typical
meningiomas compared to atypical and even malignant meningi-
omas (58% vs. 33.3% and 0%, respectively); however, the difference
in expressing the PRs regarding the WHO grades of the meningi-
oma cases in this study was not significant (P ¼ 0.122). By
considering the expression of the PRs in relation to the different
histological types of meningioma, we observed that the meningo-
thelial types expressed more PRs (50.8%) than, for example,
fibroblast type (14.8%) and even all other histological types (34.4%);
however, the difference in expression of the PRs for all the histo-
logical types was insignificant (P ¼ 0.091). Nevertheless, we found
more females expressing the PRs than males (57.4% vs. 42.6%), but
the difference in expression of the PRs was not significant
(P ¼ 0.177). Moreover, the number of patients aged >40 years
expressing the PRs was outweighing that of patients aged�40 years
(70.5% vs. 29.5%), and the difference was significant (P¼ 0.043). In
addition, tumor location in our study was not associated with PR
expression (P ¼ 0.554) although tumors that were located in the
cerebral convexity (olfactory groove, posterior fossa, and tempor-
oparietal and frontal lobe) had higher expression of the PRs than
those that were located elsewhere (63.9% vs. 36.1%) (Table 2).

DISCUSSION

Reporting on the prognostic role of the PR among patients with
meningiomas is of utmost importance due to the fact that it may
help invention of PR inhibitors that can be of therapeutic benefit
to the patients. Furthermore, the discovery of such drugs may be
used for personalized medicine that in turn helps to prevent
unnecessary exposure to chemotoxicity and also it reduces the
possibility of incurring unnecessary expenses.

Prevalence of Expression of Progesterone Receptor for the FFPE
Tissue Blocks of the Cases Included in the Study
PRs have been found to be highly expressed in meningiomas. This
was also reflected in the present study in which over 50% of the
cases were PR positive. However, previous studies performed in
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2021.100111
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Figure 5. (A) A case of meningotheliomatous
meningioma (hematoxylin and eosin stains, �100). (B)
The same case as in (A) showing strong intranuclear
diffuse staining (3þ) of progesterone receptor antibody
(immunohistochemical stain, �100). (C) A case of
fibroblastic meningioma (hematoxylin and eosin
stains, �400). (D) The same case as in (C) showing
moderate intranuclear diffuse staining (2þ) of
progesterone receptor antibody (immunohistochemical
stain, �400). (E) A case of microcystic meningioma

(hematoxylin and eosin stains, �400). (F) The same
case as in (E) showing moderate intranuclear diffuse
staining (2þ) of progesterone receptor antibody
(immunohistochemical stain, �400). (G) A case of
malignant meningioma rhabdoid type (hematoxylin and
eosin stains, �400). (H) The same case as in (G)
showing negative staining (0) of progesterone receptor
antibody (immunohistochemical stain, �400).

(Continues)
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Caucasians and Africans have reported higher prevalence of PR
expression than the prevalence reported in our study. For
example, the studies that were performed in Iran, the United
States, Nigeria, and India reported the prevalence of PR expres-
sion in FFPE tissue blocks of patients with meningiomas of 96%,
82.9%, 87.5%, and 65%, respectively.12,15-17 Lower prevalence of
PR in meningiomas than the one observed in the present study
has also been reported elsewhere. The studies that were per-
formed in the United Kingdom, North Korea, and Brazil reported
the prevalence of PR expression of 48%, 31.9%, and 53.4%,
respectively.12,18,19 The difference in expression of PRs across the
studies may have various reasons including the difference in the
methodology used, tumor biology, and genetical constitution of
the individual included in the different studies. Studies have
shown that delayed fixation and long-term storage of the FFPE
tissue blocks may render the FFPE tissue blocks negative for IHC
WORLD NEUROSURGERY: X 12: 100111, OCTOBER 2021
staining.20,21 Therefore, timely fixation of the specimens and
optimal storage time of the FFPE tissue blocks help to increase
the level of IHC antibodies including PRs.

Association Between Expression of Progesterone Receptor and
Clinicopathological Characteristics
The expression of PRs in meningiomas has been found to be
associated with different prognostic factors such as age of the
patients, sex, tumor grade, and tumor location among many
others.22,23 Regarding the association of sex with PR expression in
our study, we found that over half of the cases showing PR
expression were females. However, there was no association
between PR expression and sex. Lack of association between the
expression of PR and sex among patients with meningiomas in
spite of female preponderance has also been reported in other
studies.10,23,24
www.journals.elsevier.com/world-neurosurgery-x 5
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Figure 5. (Continued).
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The association of age with expression of the PRs in meningi-
omas seems to be contradicting. Some studies have reported a
positive association between age and expression of the PR,
whereas other studies did not find any association between the 2
variables. Some studies have reported that there is a high trend of
expression of PR among older patients compared with younger
patients with meningiomas.25,26 We found a positive association
between age and expression of PR (P ¼ 0.043), and the
expression of the biomarker was increasing with the increase in
the age of the patients. This is similar to the finding of the
study performed by Roser et al,10 who reported that patients
who were <37 years had less rate of expression of PRs
compared with those who were �37 years.
When the expression of PRs in our study was compared among

the cases based on their anatomical location, we found that there
was no difference. This is contrary to the findings of a previous
study27 in which when the expression of PR was compared among
the cases based on their anatomical location, it was found that
there was a marked difference in terms of expression of the
PRs.27 In their study, there was 81%, 71.4%, and 66.7% level of
PR expression for the meningiomas that were anatomically
located in the olfactory groove, posterior fossa, and
temporoparietal region.27 Also Fewing et al12 and Roser et al10

reported no correlation of PR expression with the anatomical
location of the meningiomas in their studies. This is because of
modern microsurgical techniques in which only tumor parts
with no precisely named anatomical location are usually
submitted for histopathological evaluation. Therefore, focal
accumulation of biological activity within the meningioma may
be missed or misjudged.
6 www.SCIENCEDIRECT.com WORLD NEUR
Expression of PRs among patients with meningiomas has been
found to predict good prognosis with less possibility of recurrence
and/or malignant transformation.16 But meningiomas that are PR
negative have been reported to have a high chance of recurrence
and/or ability of becoming malignant.15 Both atypical (WHO
grade II) and anaplastic (WHO grade III) meningiomas have a
high recurrence rate and poor prognosis, and they have a low
rate of PR or not at all compared with typical ones (WHO grade
I).6 Other studies also have reported the fact that benign
meningiomas tend to express the PRs and have good prognosis
unlike the ones that are negative for the PRs and usually have
poor prognosis.4,10-12 In this study, we found that all the 61
cases that were PR positive were all benign. Similar findings have
also been reported in the studies by Fewing et al12 and Fakhrjou
et al.28 Hsu et al16 and Roser et al10 also reported a positive
association between WHO grade and expression of PR.
However, Kim et al18 reported that there was no association
between WHO grade of meningioma and PR expression.
The histopathological subtypes have been reported to be asso-

ciated with the expression of the PRs although with some
discrepancy between studies. In this study, we observed that there
was no association between histopathological subtypes and PR
expression despite many cases of meningothelial and fibroblast
histopathological subtypes that were PR positive. This is similar to
the findings in the studies by Roser et al10 and Dora et al,16 which
also found increased expression of PR in meningothelial and
fibroblast histopathological subtypes compared with other
variants but without a significant difference. Other studies also
have shown similar findings that suggested that meningo
theliomatous meningiomas tend to express more PR than other
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2021.100111

www.sciencedirect.com/science/journal/25901397
https://doi.org/10.1016/j.wnsx.2021.100111


Table 2. Association of Progesterone Receptor Expression
With Clinicopathological Characteristics

Variable

PR Status

P
Value

Positive,
n (%)

Negative,
n (%)

Age (years) 0.043

�40 18 (29.5) 33 (64.7)

>40 43 (70.5) 18 (35.3)

Sex 0.177

Male 26 (42.6) 19 (37.3)

Female 35 (57.4) 32 (62.7)

WHO grade 0.122

Typical (grade I) 58 (95.1) 42 (82.4)

Atypical (grade II) 3 (4.9) 6 (11.8)

Malignant (grade
III)

0 (0.0) 3 (5.9)

Histological types 0.091

Meningothelial 31 (50.8) 8 (15.7)

Fibroblast 9 (14.8) 18 (35.3)

Others* 21 (34.4) 25 (49.0)

Tumor location 0.554

Cerebral convexity 39 (63.9) 19 (37.3)

Othersy 22 (36.1) 32 (62.7)

PR, progesterone receptor; WHO, World Health Organization.
*Others include transitional, psammomatous, clear cell, angiomatous, secretory, and

microcystic.
yOthers, sphenoid wing, falx, parasagittal, cerebellum, and spine.
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histopathological subtypes.15,23 A study conducted in Egypt by
Shayanfar et al9 showed that 57% of meningiomas were mixed
with psammoma bodies and a few of them could express the PRs
similar to the finding in the current study, in which 25% of the
meningiomas had psammoma bodies and showed either negative
or weak intranuclear staining for the PRs. This has been
explained by the fact that psammomatous meningiomas are more
likely not to express the PRs because of being calcified by virtual
WORLD NEUROSURGERY: X 12: 100111, OCTOBER 2021
of the presence of psammoma bodies that require decalcification
so as to unmask the epitopes for the PR antibody to stain easily.29

CONCLUSION

The vast majority of the patients in this study were benign, and the
prevalence of PR expression of 54.5% was 100% found in benign
cases. There was a converse positive association between age and
PR expression in our study in which there was a higher level of PR
expression among older patients than younger ones. In addition,
there was a higher proportion of PR expression in cases with
WHO grade I compared with other grades. Therefore, the
expression of PR observed in this study may help in determining
the prognosis of patients with meningiomas.

Limitations of the Study
Financial constraints contributed to limitation of use of Ki67 for
determining the prognosis of the patients with meningiomas in
comparison with the expression of PRs and also the clinicopath-
ological characteristics. Failure to include survival analysis with
regard to the expression of PRs, which was due to lack of follow-
up data, was another limitation of our study.
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