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Sex-related changes in tumor consistency
In prolactinoma patients after bromocriptine
pretreatment™
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Objective It has long been reported that prolactinomas treated with bromocriptine increase fibrosis and
may affect surgical outcomes. We retrospectively studied 238 consecutive patients with histopathologically
confirmed prolactinomas undergoing microsurgery in a single neurosurgery department of Tongji Hospital
(Wuhan, China) from 2012 to 2015 in order to evaluate tumor consistency changes after bromocriptine
pretreatment and surgical outcomes.

Methods We divided the patients into four groups: males in the dopamine agonist (DA) group, females
in the DA group, males in the no DA group, and females in the no DA group, and we compared the surgery
process, specimen Masson staining, and clinical outcomes of the four groups. According to a previously
published classification, the operative notes from an experienced neurosurgeon were reviewed to classify
the consistency of tumors as “fibrous” or “nonfibrous”.

Results  No differences in tumor consistency were found in male patients with or without DA treatment.
However, in female patients with DA treatment, tumors were likely to be harder in texture than the tumors
of female patients without DA treatment. Despite tumor consistency differences between sexes, the tumor
hiological remission rate was similar between groups, as was the rate of tumor resection.

Discussion  Our study indicates that preoperative DA therapy impacts tumor consistency in female pa-
tients but not male patients. Although the surgical and histopathological outcomes are not influenced, these
findings may provide useful information for the choice of operative approach and surgery process for pitu-
itary adenoma.
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Pituitary adenoma, a type of benign tumor occurring in
the pituitary gland, accounts for 10%—-20% of central ner-

However, in many cases, patients of either sex do not
experience normalization of prolactin levels or obvious

vous system tumors [!. Prolactinoma, which has the high-
est incidence rate (40%) in pituitary adenoma, is caused
by pituitary prolactin hormone secretory cell hyperplasia
(31 Prolactinomas are unique, for they are pituitary tu-
mors that can be treated with medical therapy. Dopamine
agonists (DA) have been the preferred drug therapy of
prolactinoma for many years, with bromocriptine as the
treatment of choice “*. Since 1985, bromocriptine has
been examined as part of a prospective multicenter trial
and has gradually become the first-line medication to
treat prolactinomas .

tumor shrinkage as confirmed by MRI, are classified as
resistant to the DA therapy, and receive surgical treat-
ment ##1%. In many clinical centers, neurosurgeons have
found that the tumor consistency in some patients tends
to be tougher and more tensile or, conversely, softer after
long-term treatment with DA agonist. Previous studies
have demonstrated that after DA therapy, tumor cells and
interstitial tissue undergo tumor cell shrinkage and in-
terstitial tissue and perivascular fibrosis ''"77), which has
generated some controversy regarding first-line therapy
(1819 Tn our clinical experience, we found that the con-
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Table 1 Demographics of patients in this study

http://otm.tjh.com.cn

DA (n = 106) No DA (n = 132)

Groups

Male Female Male Female
Number of patients 11 95 45 87
Age (years) 28.7+10.0 29.1+95 312+9.6 294194
Pre-operative PRL level (ng/mL) 1397.8 +544.4 268.4 £27.8 1952.2 + 354.0 344.1+£75.0
% Patients presenting with amenorrhea N/A 74.7% N/A 67.8%
% Patients presenting with sexual disfunction 81.8% N/A 75.6% N/A
% Patients with macroprolactinoma 61% 68%

sistency of tumors is different between males and females
after bromocriptine pretreatment, and the surgical out-
comes are not identical.

In this study, our aim was to study sex differences in
the relationship between DA pretreatment and tumor
consistency. In our clinical center, in order to evaluate
the choice of bromocriptine in treating male or female
patients with prolactinomas, we assessed prolactinoma
tumor consistency after DA therapy and the correlation
of DA pretreatment with postoperative remission rates
between the two sexes.

Patients and methods

Patient population

In our study, 238 patients were included, all of whom
underwent transsphenoidal surgery with histopatho-
logically confirmed prolactinomas from 2012 to 2015 at
Tongji Hospital, Wuhan, China. Demographics included:
50 patients (Male, 5; Female, 45) with microprolactino-
mas and 188 patients (Male, 51; Female, 137) with macro-
prolactinomas. Of these, 106 patients (Male, 11; Female,
95) previously received DA treatment (> 3 months) and
132 (Male, 45; Female, 87) directly underwent surgery
because of tumor local compression, intolerance to bro-
mocriptine, or strong desire for reproduction. Of the 106
patients exposed to bromocriptine, 2 (Male, 0; Female,
2) also received Gamma Knife treatment. The rest of the
patients were treated by bromocriptine intake only. The
total mean bromocriptine cumulative dose in all patients
was 1.2 mg, ranging from 0.25 to 1.5 mg per day, over
90-350 days. Demographic data were shown in Table 1.

Data collection and analysis

All preoperative and postoperative radiographic tests
were obtained from our institution, and postoperative
MRI scans were collected in the outpatient department
when patients were referred to physicians. Initial pre,
peri, and postoperative endocrine data were obtained
from Tongji Hospital medical records and from records
of referring and consulting physicians. Initial prolactin
level refers to the earliest known documented level prior
to medical therapy. The hormone statics were evaluated

within 5 days before surgery, and the postoperative pro-
lactin (PRL) levels were tested 2 days to 3 months after
surgery and defined as the immediate postoperative PRL
levels. As in a previous classification %, the patients were
separated into two groups: “DA” if they had received
preoperative treatment with bromocriptine and “no DA”
if surgery was the first-line definitive therapy and there
was no known exposure to bromocriptine. The exclusion
criteria included missing information of preoperative
prolactin levels, patients with a history of prior surgery
or radiotherapy, or missing information of prolactin lev-
els after surgical treatment.

Tumor consistency and Masson staining value

According to classification by Menucci !, tumor con-
sistency was described by the surgeon in the operative
notes as “firm”, “solid”, “difficult to resection”, “hard”,
“close adhesion to peri-tissue”, or “difficult to resect
tumor by aspirator” indicating fibrous consistency, or
“soft”, “easily resect tumor by aspirator”, or “typical con-
sistency” indicating nonfibrous consistency. We collected
prolactinoma tumor tissue from 25 patients to stain using
the Masson procedure. In order to concisely conclude the
Masson staining result, the fibrous positive was defined as
high fibrous expression in a single field.

Radiographic and hormone data analysis

The radiographic tumor volume data were acquired by
high resolution MRI and estimated by tracing the tumor
using transparent film and measuring mean diameter of
each section. The tumor resection rate data were collected
by comparing the postoperative and preoperative tumor
volume, using an analysis method known as the platform-
like volume calculation formula developed by Wang 12!,
The surgery efficacy was determined by immediate PRL
level and MRI data of the patient more than 6 months af-
ter surgery. Patients who necessarily received postopera-
tive bromocriptine treatment were estimated during the
postoperative period prior to bromocriptine treatment.
Curative conditions were defined as follows: normal PRL
levels, menstruation recovery in females, and disappear-
ance of lactation symptoms. Ineffective conditions were
defined as follows: PRL level reduction rate < 80% or PRL
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level unchanged or higher.

Statistical analysis

The characteristics of tumor consistency, sex, present-
ing symptoms, preoperative prolactin levels, and rates of
tumor resection were compared between groups using the
chi-squared test. Bonferroni corrections were performed
for subgroup analyses when relevant. P < 0.05 was con-
sidered statistically significant. All continuous variables
were presented as mean + SE.

Results

Tumor consistency

The tumor consistency of patients preoperatively treat-
ed with DA was more likely to be described as “fibrous”.
About 39.6% of patients in the total DA group had tumors
depicted as “fibrous” consistency compared with 12.1%
of patients in the no DA group (P < 0.05). When the pa-
tients were analyzed by sex, male and female patients
showed different tendencies of tumor consistency change
after DA treatment. In female patients, the “fibrous” con-
sistency description was more likely to be found in the
DA group than in the no DA group (40% vs. 16%, P <
0.05, Table 2). In male patients, the “fibrous” consistency
description was generally less likely to be found in the
DA group than in the no DA group, but there was no
significant difference between them (43% vs. 47%, P >
0.05, Table 2). To adjust for the effect of the significantly
higher pre-therapy PRL levels seen in the DA group, we
performed two subgroup analyses. In patients with base-
line PRL levels lower than 1000 ng/mL, the proportion of
“fibrous” tumor consistency was less in the no DA pre-
treatment group than in the DA group (0% vs. 39.3%, P
< 0.05). In other words, when male patients’ PRL levels
preceding surgery were less than 1000 ng/mL, the tumor
tissue consistency of those who received DA was more
likely to be nonfibrous and easily resected by aspirator.
Among female patients, regardless of preoperative PRL
level, those treated with bromocriptine prior to transs-
phenoidal surgery had remarkably more “fibrous” tumor
consistency. The representative intraoperative findings of
patients were also shown in Fig. 1.
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Table 2 Tumor consistency of prolactinoma patients
DA Number of Number of  Chi-square
Gender ) )
pretreatment patients  fibrous tumor test
Male DA 1 2 P =0.680
No DA 45 6 (P > 0.05)
Female DA 95 38 P =0.003
No DA 87 14 (P <0.05)
Table 3 Masson staining of tumor tissue slices
DA Number of Number of fibrous Chi-square
Gender ) "
pretreatment patients positive tumors test
Male DA 5 1 P=0.293
No DA 7 4
Female DA 8 7 P=0217
No DA 5 2

Masson staining of tumor tissue slices

From male patients in the DA group, 20% (1/5) of spec-
imens were fibrous positive, compared with 57% (4/7) in
the male control group. Compared with 40% (2/5) fibrous
positive specimens in female patients of the no DA group,
specimens from those in the DA group were 87.5% (7/8)
fibrous positive (Table 3). Typical samples were shown
in Fig. 2.

Biological and radiographic remission rate

The tumor postoperative biological remission rate was
not influenced by DA pretreatment among female prolac-
tinoma patients. The number of females in the DA group
who had total biological remission was 81.3% (74/91),
similar to the 88.0% (73/83) in the no DA group (P >
0.05). Nevertheless, 13.2% of female patients in the DA
group and 11.0% in the no DA group had partial biologi-
cal remission (13.2% vs. 11%, P > 0.05, Table 4).

According to radiological reports written by several
experienced radiologists, the tumor volumes were pre-
and postoperatively evaluated to analyze the tumor re-
section rate. Regardless of preoperative tumor size, male
patients in the DA group showed similar tumor resection
rates to male patients in the no DA group (0.46 + 0.69 vs.
0.88 + 0.13, P> 0.05, Table 5). As shown in the MRI in
Fig. 3 and 4, the male macroprolactinoma patients who
received DA pretreatment had total tumor resection, and
the male macroprolactinoma patient in the no DA group

Table 4 Prolactinoma patients’ postoperative immediate PRL remission rate

Gender DA pretreatment  Number of patients Numbe_r O.f total Number_ of_partial Numb_e ' .Of no Chi-square
remission remission remission test

Male DA 1 2 3 5 P =0.000

No DA 45 16 21 4 (P<0.01)

Female DA 95 78 12 5 P =0.254

No DA 87 77 9 1 (P>0.05)
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Fig. 1 Typical intraoperative findings in prolactinoma patients. (a and b) Male patients’ tumors in both the no DA and DA groups were typically trans-
lucent and soft upon incision of the dura mater, which allowed for easy resection by aspirator. (c and d) Tumor of female patient in the DA group was
more substantial and solid with fiber separation, and we had to scrape the tumor piecemeal. The texture of the tumor of a female patient in the no DA
group was typical and removed by aspirator

Fig. 2 Masson staining of prolactinoma patients’ tumor slices. Tumor tissues of male patients in the DA group (a) showed more tumor cells and
vacuole-like cells in single field than those of male patients in the no DA group (b). Interstitial fibrosis (blue staining) was rare in these two slices, and the
perivascular fibrosis was not particularly abundant (b). Interstitial fibrosis was much more highly expressed in female patients in the DA group (c) than
in females in the no DA group (d)

Fig. 4 Representative preoperative (a and b) and postoperative (c and d) MRI of a male prolactinoma patient without DA pretreatment



Oncol Transl Med, October 2016, Vol. 2, No. 5

Table 5 Prolactinoma patients’ tumor resection rate

Gender DA pretreatment Number of Tumor  Chi-square
paients ~ resectionrate  test

Male DA 1 0.46£0.69 P=0.319

No DA 45 0.88+0.13 (P>0.05)

Female DA 95 0.72+£054 P=0.267

No DA 87 0.78+0.23 (P> 0.05)

also had radiological total tumor removal.

Discussion

Our data suggest that bromocriptine pretreatment in-
creases the tendency of fibrous prolactinoma formation in
female patients compared with male patients. We demon-
strate that pituitary adenoma texture is sex-related, sug-
gesting that the choice of treatment can be more flexible
for male prolactinoma patients. Furthermore, in terms of
female prolactinoma patients, contrary to the idea that
the increased fibrosis observed in bromocriptine-treated
tumors may increase surgery difficulty and the risk of
damage to peripheral structures (e.g. normal pituitary),
the hormone remission rates and tumor resection rates
were identical between the DA and no DA groups. In
terms of male prolactinoma patients, DA pretreatment
did not influence the surgical outcome or biological re-
mission rate in our clinical center.

Several studies during the last two decades have re-
ported tremendous morphological changes occurring in
prolactinomas after treatment with bromocriptine. These
changes include: (1) tumor cells often appearing hyper-
cellular because of remarkable cell shrinkage observed by
light microscopy; (2) cells exhibiting a significant reduc-
tion in cytoplasmic volume, nuclear hyperchromasia, and
an increase in the nuclear/cytoplasmic ratio; and (3) long-
term treatment causing an increase in extensive intersti-
tial and perivascular fibrosis [ 31416 Our data describe
the increased hardness of the tumor from the aspect of
surgeon’s feeling during the operation process, which in
general demonstrates the development of fibrosis in PRL
tumors following bromocriptine premedication (Fig. 2c
and 2d). Previous studies have not compared male and fe-
male patients separately, so the existence of sex differenc-
es was unknown. This study suggests that unlike in female
patients, the consistency of male patient tumors will not
develop a firm texture after pre-surgical bromocriptine
treatment. In some cases, particularly those with ordinar-
ily high levels of PRL (under 1000 ng/mL), bromocriptine
use pre-surgery may in fact cause soft tumor texture (data
not shown).

Prolactinomas are relatively uncommon in men com-
pared to women and are ordinarily large and invasive tu-
mors with high PRL levels at the time of diagnosis. Dopa-
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mine agonist therapy can normalize PRL level regardless
of tumor size in most men with prolactinomas, although
bromocriptine-resistant tumors may be more frequently
encountered in men *24. Male patients in the DA group
with ordinarily high PRL levels had soft tumors, which
may also indicate that prolactinoma consistency is cor-
related with pre-surgical PRL level. Our Masson staining
of tumor specimens suggests that expression of fibrosis in
male tumors is not influenced by bromocriptine therapy
in comparison with female patients (Fig. 2). We suggest
the possible explanation that fibrous formation deficien-
cy occurs in male patients receiving dopamine agonists.
Thus, if a tumor is DA-resistant, the structure of the tu-
mor will much more easily collapse, as it is soft because
of the lack of interstitial fibrous. In addition, prolactin
secreted from the tumor cells is released through the mi-
crovasculature to the blood, together with mild prolactin
secretion activity due to shrinkage of tumor cells, which
eventually presents as ordinarily high, but not extremely
high, PRL level.

Compared with female patients, bromocriptine-re-
sistant tumors occur much more frequent in men > %),
Additionally, previous studies showed that male patients’
tumors tend to express much more Ki-67 and PCNA, two
markers for proliferative activity in tumors ¢, Further-
more, a recent study illustrated that PRL tumors in men
are characterized by lower ER-alpha expression, which is
related to higher resistance to treatment and worse prog-
nosis .. Some researchers discovered a significant down-
regulation of the TGF-beta/Smad signaling cascade in
DA-resistant prolactinomas, which is the main signaling
pathway involved in fibrosis in many organs, including
kidney, liver, and lung -, In summary, we confer that
the different changes in tumor consistency between sexes
after DA treatment may be caused by different expres-
sion of TGF-beta/Smad and ER-alpha between men and
women. However, the specific mechanisms of the differ-
ent results observed in male and female prolactinoma pa-
tients remain unclear, requiring further research.

That bromocriptine is related to tumor perivascular/
interstitial fibrosis has been reported, but whether fibro-
sis has a positive or a negative influence on the treatment
of prolactinomas is an ongoing debate. In 1982, Landolt
first reported that bromocriptine treatment prior to sur-
gery can negatively affect the outcome of microsurgery
B3], The choice of bromocriptine premedication has be-
come a critical question. Surgeons such as Derome and
Esiri successively reported the similar discovery that bro-
mocriptine pretreatment may negatively affect operation
outcomes 4. However, the study of DA agonist premedi-
cation has shown different results since the 1990s. Turner,
Hubbard, and Fahlbusch published their long-term single
institutional study reporting that bromocriptine treat-
ment prior to microsurgery had no significant impact on
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tumor resection effect and prognosis '35, Conversely,
it has been reported that bromocriptine treatment prior
to surgery seemed to improve surgical outcome possibly
by inducing tumor regression [ 18 20371,

A possible explanation of these contradictory conclu-
sions is the lack of comparability between the DA group
and the no DA group in the former study because the pa-
tients were separated only by whether they had received
DA pretreatment. The clinical characteristics of patients,
such as tumor volume, preoperative PRL level, and sex,
were significantly different between groups, which can
eventually affect prolactinoma operation outcomes. Fur-
ther, the entirely contrary results of these reports could
be attributed to the small sample number of cases. There
have been few multicenter studies using large sample
sizes to examine the choice of bromocriptine prior to
surgery and related factors. Otherwise, the development
of microsurgery techniques, advanced neuronavigation
technology, and the application of endoscope-assisted
microneurosurgery are important factors that influence
the results.

Our results indicate that pretreatment with bromocrip-
tine does not affect surgical outcome as much as previ-
ously believed, regardless of patients’ sex, and that the
biological remission rate does not differ between groups,
suggesting that the formation of fibrosis in these patients
is irrelevant to their overall outcome.

However, this conclusion is based on an experienced
surgeon who performed the microsurgery, along with the
tacit cooperation of our surgical team, and we discovered
that the presence of fibrosis in the tumor often requires
more time and experience to detach the tumor from
neighboring tissue. The complexity of hemostasis during
the process of separating and resecting tumor was also in-
creased when the tumor fibrous formation was promoted
by bromocriptine premedication, according to our and
other institutes’ surgery reports. These procedures also
require more time of the whole surgery, which means
the possibility of perioperative events would increase as
well. The different morphology of tumor consistency be-
tween sexes still can be used as reference for the choice
of operative approach. When treating male prolactinoma
patients, DA therapy could be more positively chosen by
the doctor for the low incidence of tumor consistency
changes and negative effects on follow-up operation. In
addition, tumors described as fibrous or “hard” may not
easily be removed by junior doctors using the transsphe-
noidal approach; therefore, the level of experience in this
study may also provide a reference for choice of surgical
approach.

This study is limited by its retrospective nature and
small sample size, due to most of the surgery are per-
formed in this year. Thus, long-term follow-up was need-
ed to evaluate the surgical outcome in each group. How-
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ever, the findings of this study may provide significant
reference information for young neurosurgeons, which
may offer the most benefit in dealing with nonfibrous
tumors. Finally, differences in the outcome of DA pre-
treatment between male and female patients still require
further multicenter study.

Conclusion

Our study indicates that preoperative dopamine ago-
nist therapy impacts tumor consistency in female but not
male prolactinoma patients. Although the surgical out-
comes and histopathological outcomes were not influ-
enced, our findings may provide some useful information
in the choice of pituitary adenoma surgical process. Final-
ly, the mechanisms underlying these differences warrant
further exploration.
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