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Prognostic factors for surgical
treatment of prolactin-secreting
pituitary adenomas

Oleksandr Voznyak'™, laroslav Zinkevych', Andrii Lytvynenko,
Nazarii Hryniv', Roman llyuk' and Nazarii Kobyliak®**

!Centre of Neurosurgery, Clinical Hospital “Feofaniya”, Kyiv, Ukraine, 2Medical Laboratory CSD, Kyiv,
Ukraine, *Endocrinology Department, Bogomolets National Medical University, Kyiv, Ukraine

Introduction: Usually, prolactinomas are treated with dopamine agonists (DA).
Surgery is considered an option when the patient cannot bear or does not
respond positively to DA therapy.

Aim: This study aims to determine the early and late outcomes of surgery, with
particular emphasis on developing prognostic factors for surgical treatment
and analyzing risk factors affecting the recurrence of hyperprolactinemia
and prolactinoma.

Material and methods: This retrospective study was conducted at the Feofaniya
Clinical Hospital of the State Administration of Affairs (Kyiv, Ukraine), evaluating
109 patients’ records from 2009 to 2019. The main patients’ inclusion criteria
were: serum prolactin (PRL) level of more than 100 ng/ml, presence of
pituitary adenoma (PA) on MRI, histologically approved PA by microscopy.
According to the size of the prolactin-secreting PA (PSPAs) the selected 109
patients were divided into two groups: micro- (<10 mm, n=75) and
macroadenoma group (10-40 mm, n = 34).

Results: 1 month after the operation, PRL levels decreased by 87% (p < 0.001), 12
months—by 93% (p <0.001). After receiving surgery and DA therapy for 12
months 77.1% of patients achieved biochemical remission. Out of the total
number of patients observed, 15.6% (n =17) had a Knosp score greater than
3. Additionally, in the macroadenoma group, the percentage of patients with a
Knosp score greater than 3 was 41,2%, which was significantly higher as
compared to the microadenoma group (4%, p<0.001). In patients with
microadenomas a weak reverse correlation between patients’ age (r=—-0.258,
p <0.026) and positive with tumor size (r=0.251, p<0.030) was revealed. In
the macroadenoma group significant association was found only between
preoperative serum PRL level and tumor size (r=0.412, p<0.016). The
preoperative PRL can be used as a diagnostic marker for lack of early
biochemical remission in patients with PSPAs with diagnostic accuracy 66.9%.
Conclusions: This study found that primary transsphenoidal surgery is an
effective treatment in reaching PRL level control in patients with both micro-
and macroprolactinomas. The correct and thorough selection of candidates
for surgery is crucial to achieve postoperative serum PRL normalization in the
vast majority of patients.
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Introduction

Prolactin-secreting tumors (prolactinomas) are among the most
common types of pituitary tumors, accounting for about 60% of
hormone-secreting tumors of the hypophysis (1-6). Overall
pituitary adenomas (PA) detection frequency is 30% of clinical
cases (7). The prevalence and incidence of prolactin-secreting
pituitary adenomas (PSPAs) is approximately 50 per 100,000 and
3-5 new cases per 100,000 per year, respectively (8). In the
pediatric and adolescent age group, prolactinomas are relatively
rare intracranial tumors, with a prevalence of 100 per million,
representing less than 2% of all such tumors (1). Prolactinomas
occur most often in women between the ages of 20 and 50, with a
female-to-male ratio of approximately 10:1. In patients with
multiple endocrine neoplasia type 1 (MEN-1), prolactinomas are
present in around 30% of cases and tend to be more aggressive in
nature compared to their sporadic counterparts. Individuals
diagnosed with Carney complex or McCune-Albright syndrome
may experience hyperprolactinemia caused by a pituitary tumor
that arises from somatomammotropic cells. These cells secrete
both growth hormone (GH) and prolactin (PRL) (2).

According to 2021 WHO Classification of Tumors of the
Central Nervous System adenohypophyseal tumors were recently
renamed to pituitary neuroendocrine tumors (PitNET), which
are mostly benign, but may present various behaviors: invasive,
“aggressive” and malignant with metastases. They are classified
into seven morphofunctional types and three lineages: lactotroph,
(PIT1
(TPIT lineage) or gonadotroph (SF1 lineage), null cell or

somatotroph and thyrotroph lineage), corticotroph
immunonegative tumor and plurihormonal tumors (9, 10).

The problem with diagnosing true prolactinomas is that
be stalk

compression by a non-secreting PA or another tumor of the sellar

hyperprolactinemia  can secondary to pituitary
region (11). Also, hyperprolactinemia in both women and men
can be caused by “non-pituitary” factors (12). Serum PRL levels
>500 ng/ml is generally always indicative of prolactinomas (13).
Macroadenomas (tumor size > 10 mm) often exhibit serum PRL
higher than 250 ug/L, while microprolactinomas (tumor size <
10 mm) commonly result in hyperprolactinemia with the range
between 100 and 200 pg/L (14, 15). Hyperprolactinemia of less
than 100 ug/L is often related to the diagnostic uncertainty (14, 15).

To date, the standard of PSPAs treatment is the appointment of
dopamine agonists (DA) (1, 16, 17), which gives an immediate
result in approximately 90% of cases but provides long-term
remission in no more than 30% of patients (18, 19). Therefore,
patients recommended DA therapy should be warned about the
high probability of lifelong drug use.

The of

treatment is doubtful and has minimal application (1). A

effectiveness radiotherapy for prolactinoma

small proportion of patients with prolactinomas are resistant
to drug therapy (3%-12%) or do not tolerate the side effects
of drugs (3%-11%) (20, 21). In this group of patients with
unsuccessful DA therapy, surgical treatment is recommended
is about 72%,

and postoperative remission

according to literature data (21, 22).

permanent
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Some studies have shown promising results with trans-
sphenoidal surgery (TSS) as the first-line prolactinoma therapy
(23-25). It was demonstrated that TSS might represent a valid
to DA with
microadenomas, as it provides the highest chance of an

alternative therapy, particularly in females

immediate cure and long-term remission (26). Successful
resection of PSPAs is associated with smaller sizes and lower
preoperative prolactin levels (27, 28). Some patients prefer the
immediate risks of surgical resection to long-term or lifelong
drug therapy. It has been shown that 88% of the patients not
treated by DA experienced normalizing serum PRL levels after
surgery with minimal complications. It has also been established
that pituitary surgery may be cost-effective compared to life-long
drug therapy in patients with a life expectancy > 10 years (29, 30).

Thus, to date, there is a debate between endocrinologists and
neurosurgeons regarding the expansion of traditional indications
for TSS and reducing the frequency of side effects (31, 32).

This work aimed to determine the early and late outcomes of
surgery, with particular emphasis on developing prognostic
factors for surgical treatment and analyzing risk factors affecting
the recurrence of hyperprolactinemia and prolactinoma.

Material and methods
Ethics statement

This single-center retrospective study was conducted at the
Feofaniya Clinical Hospital of the State Administration of Affairs
(Kyiv, Ukraine), evaluating 109 patients records from 2009 to
2019. The local Ethics Committee approved the research protocol
and put it into practice based on the Declaration of Helsinki
(1975). Informed consent was obtained from all participants
included in study. One senior neurosurgeon performed whether
purely microscopic transsphenoidal surgery (MTSS) or combined
with endoscopic transsphenoidal surgery (ETSS) for pathologically
confirmed PSPAs.

Inclusion criteria

The main patient’s inclusion criteria were: serum PRL level of
more than 100 ng/ml, presence of PA on magnetic resonance
imaging (MRI), histologically approved PSPAs by microscopy and,
in some cases, immunohistochemically. The cut-off for PRL>
100 ng/ml was based on Endocrine Society clinical practice guideline
for diagnosis and treatment of hyperprolactinemia (13). According
to current guidelines microprolactinomas commonly result in
hyperprolactinemia with the range between 100 and 200 ng/ml.

Exclusion criteria

Patients with hyperprolactinemia but with a PRL level lower than
100 ng/ml, patients with pituitary apoplexy and/or nasal liquorrhea on
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the background of taking DA preparations were not included. The
analysis did not include patients with PA who had plurihormonal
activity. Also, we did not include patients who previously underwent
surgeries on the pituitary gland or in the sellar region.

Study design and outcomes assessment

According to the size of the PSPAS the selected 109 patients
were divided into two groups: micro- (<10 mm, n=75) and
macroadenoma group (10-40 mm, #n=34). Variables collected
from the patient charts included age, sex, symptom duration and
presence of the following symptoms: dysmenorrhea, galactorrhea,
obesity, libido decrease, erectile dysfunction, hypopituitarism.
The effectiveness of standard therapy by DA and doses of drugs
were also analyzed.

All patients underwent a complete clinical and instrumental
examination, including history taking, general clinical and
neurological examination, laboratory and MRI examination.

A single MRI research associate performed all tumor volume
measurements. The RECIST criteria was used to determine tumor
size. The largest of 3 radiographic dimensions (anterior-posterior,
transverse, and cranio-caudal) was considered representative of the
tumor size. Prolactinomas were classified as microprolactinomas
(diameter < 10 mm) or macroprolactinomas (diameter > 10 mm).
Cavernous sinus invasiveness was determined by image analysis of
coronal MRI according to the Knosp criteria (33). The Knosp score
determines the invasiveness of sellar masses into the cavernous sinus
by depicting their relation to the intercarotid line [a theoretical line
connecting both cross-sections of the internal carotid artery (ICA)
on a coronal section of the cavernous sinus]; grade 0 represents a
mass that does not meet or pass the intercarotid line, grades 1-3
indicate increasing levels of invasion between and past the ICA, and
grade 4 represents complete encasement of the intracavernous ICA
(33, 34). For statistical analysis, Knosp scores were dichotomized as
<2 or >3. We recommend postoperative MRI in 3 months after
surgery to control the extent of removal.

Preoperative serum PRL values preceding treatment and
postoperative serum PRL values were recorded. Serum prolactin
concentrations were measured with an electrochemiluminescence
immunoassay (Elecsys, Roche Diagnostics). The normal PRL was
considered as <20 ng/ml for males and <25 ng/ml for women.
Biochemical remission was determined as normalization of serum
PRL levels measured at early (1 month) and late time points (12
months) postoperatively without the need for adjuvant DA
therapy. Postoperative serum PRL level lower than 10 ng/ml was
used as a predictive factor for long-term surgical remission (35).

Documented postoperative complications included cerebrospinal
fluid (CSF) leak required surgical repair, visual and oculomotor
nerve disorders, and development of diabetes insipidus (DI).
Transient DI was defined based on the full resolution of DI
symptoms at follow-up, and permanent DI was defined based on
persistent symptoms requiring daily desmopressin treatment. The
surgical intervention was considered ineffective if the serum PRL
level did not return to normal within 4 weeks after the surgery.
Conversely, hyperprolactinemia recurrence after PA resection
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was defined as relapse of increased serum PRL level which
required medical therapy, radiation therapy, or repeat surgery.
Study participants had at least 12 months of follow-up as agreed
by an endocrinologist.

Surgical technique

In all cases, surgical removal of tumors was performed, and
patients had undergone surgery for the first time. We performed a
standard mononostril paraseptal transsphenoidal approach to sella
turcica. During recent years microsurgical technique was gradually
replaced by endoscopic surgery, but we still characterize our
technic as “hybrid” because we still use the operative microscope
for at least transsphenoidal approach. We performed a wide
horizontal opening of the sella turcica between the cavernous
sinuses and a vertical one from the planum sphenoidale to the
clivus. To gain full visibility of the anterior surface of the pituitary
gland, we used an H-shaped incision in the dura mater. We always
detected the PA laterally and removed it using microsurgical
dissectors, cup curettes, ring curettes, and an aspirator. Following
complete hemostasis, we conducted a Valsalva test to ensure no
CSF presence in the operating field.

In cases of CSF leakage, we used fat tissue harvested from the
hypogastric area for fistula hermetization. We performed sella
turcica floor reconstruction by bone plate obtained during
surgical approach in all cases. We believe that the “closed” sella
turcica provides optimal conditions for the functioning of the
pituitary gland in the postoperative period.

Pathohistological diagnosis of PSPAs

All tumors were histologically verified. All specimens were cut
and stained with hematoxylin and eosin (H&E) to classify PA. In
addition, in some cases, specific pituitary hormones such as
growth hormone (GH), PRL, and ACTH were identified using
(IHC) with
antibodies. Ki-67 expression was also evaluated on a portion of

immunohistochemical staining monoclonal
the specimens. Experienced pathologists verified histopathological
diagnosis in line with the 2017 World Health Organization

(WHO) classification (36).

Statistical analysis

Statistical analysis was done using a standard software SPSS
version 20.0 (SPSS, Inc., Chicago, Illinois) and GraphPad Prism,
version 6.0 (GraphPad Software, Inc., La Jolla, CA, USA). Data
distribution was analyzed using the Kolmogorov-Smirnov
normality test. All continuous values are expressed as mean + SD
and categorical variables are presented as %. For comparison 3
continuous variables with parametric distribution were then
analyzed using Analysis of Variance (ANOVA) and if the results
were significant, a Bonferroni Post Hoc test was performed. The

independent samples t-test was used to compare differences
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TABLE 1 The baseline characteristics and symptoms in examined patients operated on PSPAs.

10.3389/fsurg.2024.1283179

Parameter All patients Micro (n=75) Macro (n=34)
(n=109)

Age, years 343+11.17 33.59+10.98 35.88+11.59 0.323 0.611
Symptom duration, month 15.44 + 6.59 15.4+6.95 15.53 +5.82 0.925 0.996
Erectile dysfunction, % (n) 43.1 (47) 46.7 (35) 353 (12) 0.267 0.540
Dysmenorrhea, % (n) 53.2 (58) 53.3 (40) 52.9 (18) 0.970 0.999
Galactorrhea, % (n) 21.1 (23) 17.3% (13) 29.4 (10) 0.152 0.359
Obesity, % (n) 33.9 (37) 33.3 (25) 353 (12) 0.841 0.980
Libido decrease, % (n) 64.2 (70) 66.7 (50) 58.8 (20) 0.429 0.731
Hypopituitarism, % (n) 13.8 (15) 12.0 (9) 17.6 (6) 0.563 0.730
Non-specific, % (n) 25.7 (28) 25.3 (19) 26.5 (9) 0.900 0.992
Asymptomatic, % (1) 2.8 (3) 1.3 (1) 59 (2) 0.179 0.405
Pretreatment with DA, % (n) 66.1 (72) 72.0 (54) 50.0 (17) 0.026 0.083
Cabergoline, % (n) 54.1 (59) 60.0 (45) 41.2 (14) 0.068 0.188
Cabergoline dosage, mg 1.97 £0.36 2.0+0.37 1.89+0.30 0.336 0.626
Bromocriptine, % (n) 11.0 (12) 12.0 (9) 8.8 (3) 0.624 0.887
Indication, % (1) 0.102 0.400

DA non-efficacy 53.2 (58) 58.7 (44) 41.2 (14)

Patient selection 36.7 (40) 29.3 (22) 52.9 (18)

Repeated 2.8 (3) 2.7 (2) 2.9 (1)

Intolerance 7.3 (8) 9.3 (7) 2.9 (1)

pl, difference between micro- and macroadenoma groups; p2, differences between all 3 variables. Significance was stated at p <0,05.

between micro-

and macroadenoma

Data with

groups.
nonparametric distribution was analyzed using Kruskall-Wallis
test. For comparisons of categorical variables we conducted a y>
test. Association between preoperative PRL levels and tumor size
was assessed with univariate Pearson’s correlation analysis.

To assess the diagnostic accuracy of preoperative PRL for
predicting absence of remission we used receiver operating
characteristic (ROC) curves. The ROC curve is a plot of
sensitivity (Se) vs. 1-specificity (Sp) for all possible cut-off values.
The most commonly used index of accuracy is area under the
ROC curve (AUROC). AUROC values close to 1.0 indicated high
diagnostic accuracy. Optimal cut-off values were chosen to

maximize the sum of sensitivity and specificity, and positive
(PPV) and negative predictive values (NPV) were computed for
these cut-off values (37).

Results

During the analyzed period of 10 years, 623 patients with PA
clinic, 369 of them had
hyperprolactinemia before surgery, but only 109 patients met the
criteria for inclusion in the study. Table 1 shows the baseline

were operated on in our

characteristics and symptoms in examined patients operated on

TABLE 2 Preoperative characteristics and biochemical remission in patients who underwent surgery for PSPAs.

Parameter

All patients (n=109)

Micro (n=75)

Macro (n=34)

pl

Tumor size, mm 10.10 £ 7.0° 6.4+191° 18.26 +7.23° <0.001 <0.001
Preoperative PRL, ng/ml 377.55 + 265.42° 312.29 +211.42° 521.5 +316.8° <0.001 0.001
1-month postoperative 48.75 +78.9% 29.85 + 35.58° 90.44 +122.2° <0.001 0.001
PRL, ng/ml
12-month postoperative 2533 +39.02*° 19.61 + 28.06* 37.97 +54.57° 0.022 0.049
PRL, ng/ml
Knosp grade, % (n) <0.001 <0.001

0 37.6 (41) 453 (34) 206 (7)

1 22.0 (24) 30.7 (23) 29 (1)

2 24.8 (27) 20.0 (15) 353 (12)

3 10.1 (11) 27 (2) 265 (9)

4 55 (6) 13 (1) 14.7 (5)
Knosp <2, % (n) 84.4 (92) 96 (72) 58.8 (20) <0.001 <0.001
Knosp >3, % (n) 15.6 (17) 4 (3) 41.2 (14) <0.001 <0.001
Cyst structure, % (1) 42.2 (46) 41.3 (31) 44.1 (15) 0.785 0.964
1-month PRL< 10, % (n) 35.7 (39) 40.0 (30) 26.5 (9) 0.172 0.388
Biochemical remission after 1-month, % (1) 63.3 (69) 69.3 (52) 50.0 (17) 0.052 0.152
12-month PRL < 10, % (n) 46.8 (51) 52.0 (39) 353 (12) 0.105 0.267
Biochemical remission after 12-month with DA therapy, % (1) 77.1 (84) 80.0 (60) 70.6 (24) 0.279 0.556

pl, difference between micro- and macroadenoma groups; p2, differences between all 3 variables.
2PCyalues on the same row with different superscript letters show significant differences in p < 0.05.
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FIGURE 1
Dynamic of PLR levels before the operation, one month and twelve months after.

TABLE 3 Correlation analysis between preoperative PRL level and other
parameters.

Parameter

Age, years

Macro
(n=34)
—0.067 (0.707)
0.412 (0.016)*
—0.013 (0.943)

Micro
(n=75)
—0.258 (0.026)*
0.251 (0.030)*
0.117 (0.317)

All patients
(n=109)
—0.128 (0.184)
0.481 (<0.001)
0251 (0/008)

Tumor size, mm

Knosp grade

The data presented as r (p).
Significant correlation.

PSPAS. The mean age of the 109 patients involved in the study was
34.3+11.17 years. Common symptom presentations included:
symptoms duration before surgery (15.44 + 6.59 months), erectile
dysfunction (43.1%), dysmenorrhea (53.2%), galactorrhea
(21.1%), obesity (33.9%), libido decrease (64.2%), hypopituitarism
(13.8%), (25.7%), (2.8%).
Pretreatment with DA was received by 66.1% of patients

non-specific asymptomatic
(cabergoline 54.1% and bromocriptine 11%). Non-efficacy of DA
therapy was documented in 53.2% of operated patients (Table 1).

All patients were divided into two groups according to the size
of the PSPASs: micro- (n=75) and macroadenoma groups
(n=34). The enrolled patients’ age, baseline characteristics and
symptoms did not significantly differ between groups, except for
one indicator, pretreatment with DA.

At the time of diagnosis, the mean PRL level was 377.55 +
26542 ng/ml and tumor size—10.10+7.0 mm. The size of
tumors in the microadenoma group was 6.4 + 1.91 mm, while it
was 18.26+7.23 mm in the macroadenoma group (p<0.001)
(Table 2). The preoperative PRL level in the microadenoma
group was 312.29 +211.42 ng/ml, significantly higher than the
normal hormone level in the blood. The preoperative PRL level
in the macroadenoma group was 521.5 + 316.8, which was 67%
higher (p<0.001) as compared to patients with microadenomas
(Table 2, Figure 1A). One month after the operation, PRL levels
decreased by 87% (p<0.001) to 48.75+78.9 ng/ml. Twelve
months after the procedure, PRL levels decreased by 93%
(p<0.001) to 2533 +£39.02. A similar trend was observed when
comparing prolactin levels in two groups (Table 2, Figures 1B,C).
A greater number of patients from microadenoma group achieve
early (69.3 vs. 50.0%, p=0.052) and late (80. vs. 70.6%,
p =0.279) biochemical remission, but changes were insignificant
as compared to macroadenoma group. After one month of
surgery, 63.3% of patients experienced biochemical remission
(with PRL levels less than 10%-35.7%). After 12 months of
surgery and DA therapy, 77.1% of patients achieved biochemical
remission (with PRL levels less than 10%-46.8%) (Table 2).

It has analyzed the correlation between preoperative PLR level
and other parameters: age, tumor size and cavernous sinus

Microadenoma group

Macroadenoma group

All patient group

151 3859 —0.412; p=0.016 407 =0.481; p<0.001
r=0.251; p=0.030 .
£ £ E 30 b .
Eﬂ 104 E_ 254 E_ ° o. ¢ ¢
ﬁ g g L] e L]
‘® » 7
S 5 5
£ 51 £ 15 £
2 2 2
0 T T 1 5 T T 1 0 T y 1
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
prolactin, ng/mL prolactin, ng/mL prolactin, ng/mL
FIGURE 2

Correlation between preoperative PLR level (hg/ml) and tumor size (mm) in patients after transsphenoidal resection for PSPAs.
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TABLE 4 The postoperative complication in examined patients operated on PSPAs.

Parameter

All patients

Micro (n=75)

Macro (n=34)

10.3389/fsurg.2024.1283179

Follow up, years 152+7.33 14.87 £6.95 15.94+8.17 0.481 0.779
Visual disorders, % () 1.8 (2) - 59 (2) 0.034 0.106
Oculomotor disorders, % (1) 0.9 (1) - 2.9 (1) 0.136 0.329
Residual tumor after operation, % (1) 5.5 (6) 2.7 (2) 11.8 (4) 0.054 0.155
Hypopituitarism after operation, % (n) 37 (4) - 11.8 (4) 0.002 0.010
CFS leak intra-operation, % (1) 10.1 (11) 6.7 (5) 17.6 (6) 0.078 0.211
CFS leak after operation, % (n) 1.8 (2) 1.3 (1) 2.9 (1) 0.562 0.845
Permanent diabetes insipidus, % (n) 2.8 (3) 1.3 (1) 59 (2) 0.179 0.405
Transient diabetes insipidus, % () 7.3 (8) 53 (4) 11.8 (4) 0.233 0.491

pl, difference between micro- and macroadenoma groups; p2, differences between all 3 variables. Significance was stated at p < 0,05.

invasion. In patients with microadenomas a weak reverse correlation
between patients’ age (r = —0.258, p < 0.026) and positive with tumor
size (r=0.251, p <0.030) was revealed (Table 3, Figure 2A). In the
macroadenoma group significant association was found only
between preoperative serum PLR level and tumor size (r=0.412,
p<0.016) (Table 3, Figure 2B). The power of correlation was
more pronounced in patients with macroadenomas.

Based on Knosp classification, in 62% (n = 68) cases cavernous
sinus invasion was presented. The Knosp grade distribution was as
follows: grade 0 in 37.6% (n =41), grade 1 in 22.0% (n = 24), grade
21in 24.8% (n=27), grade 3 in 10.1% (n =11), and grade 4 in 5.5%
(n=6) (Table 2). Out of the total number of patients observed,
15.6% (n=17) had a Knosp score greater than 3. Additionally, in
the macroadenoma group, the percentage of patients with a
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TABLE 5 ROC analysis for predicting the absence of biochemical
remission when using preoperative PRL level as a diagnostic marker.

All patients Micro Macro
Analysis after 1 month
Cut-off value >299.5 >200 >345
Sensitivity, % 67.5 442 70.5
Specificity, % 66.6 82.6 88.2
NPV, % 77.9 85.1 85.7
PPV, % 54.0 39.5 75.0
Diagnostic accuracy, % 66.9 56.0 79.4
AUROC 0.680 0.616 0.744
95% CI 0.577-0.783 0.487-0.745 0.561-0.927
P (AUROC) 0.002 0.112 0.015
Analysis after 12 months
Cut-off value >351 >210 >396
Sensitivity, % 60.0 53.3 90.0
Specificity, % 714 36.6 62.5
NPV, % 85.7 75.8 93.7
PPV, % 38.4 17.3 50.0
Diagnostic accuracy, % 68.8 40.0 70.5
AUROC 0.599 0.477 0.725
95% CI 0.459-0.738 0.293-0.660 0.558-0.892
P (AUROC) 0.136 0.781 0.041

NPV, negative predictive value; PPV, positive predictive value; AUROC, area under
ROC-curve, 95% CI—95% confidence interval for AUROC.

Knosp score greater than 3 was 41,2%, which was significantly
higher as compared to the microadenoma group (4%, p <0.001)
(Table 2). Also, we did not find significant correlation between
preoperative PRL and Knosp grade (Table 3).

Regarding postoperative complications, patients are observed on
average 15.2 + 7.33 months. Among the postoperative complications,
the most frequently reported were CSF leakage during the operation
in 10.1% of patients and after the operation in 1.8% (Table 4). These
violations were observed in both groups and did not differ
statistically significantly. Also, no statistically significant differences
were observed between the two groups in the residual tumor after
the operation (5.5% of all patients), permanent diabetes insipidus
(2.8% of all patients) and transient diabetes insipidus (7.3% of all
patients). It appears that some postoperative complications were
found just in the group of patients with macroadenomas, and
their prevalence was significantly higher as compared to patients
with microadenomas: visual disorders accounted for about 1.8% of
the total patient population (p <0.034), hypopituitarism after the
operation—3.7% (p <0.002). Additionally, there was one patient
who also experienced oculomotor disorders—0.9% of all operated
subjects (Table 4).

According to ROC-analysis, preoperative PRL may be used
as a diagnostic marker for predicting lack of biochemical
remission only after 1-month in all patient’s populations. The
level of PRL greater than 299.5 ng/ml with sensitivity—67.5%,
specificity—66.6%, PPV—54.0% and NPV—77.9% can predict
absence of early remission. The AUROC for the model was
0.680 (95% CI 0.577-0.783, p=0.015) (Figure 3, Table 5).
Cavernous sinus invasion maybe possible confounding factor
that can impact the importance of the level of preoperative
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PRL as We additionally tested this
hypothesis and excluded patient with Knosp 3-4 from ROC-

diagnostic marker.

analysis. After the standardization for this confounding factor
the accuracy of model didn’t change in all patients group.
The AUROC for the model after standardization was 0.670
(95% CI 0.560-0.781, p =0.006).

Preoperative PRL can significantly predict lack of biochemical
remission in patients with macroadenomas without taking
account cavernous sinus invasion. In patients with absence of
biochemical remission after 1 month the quality of this
diagnostic model was moderate since AUROC for PRL was 0.744
(95% CI 0.561-0.927, p=0.015) (Figure 3, Table 5). The cut-off
value of preoperative PRL for predicting lack of remission was
>345 ng/ml. Sensitivity, specificity, PPV and NPV were 70.5%,
88.2%, 75.0%, 85.7% respectively. For 12-month lack remission
AUROC constituted 0.725 (95% CI 0.558-0.892, p = 0.041), with
cut-off for preoperative PRL >396 ng/ml. The overall diagnostic
accuracy of the model was 70.5%, that was lower as compared to
I-month data (Figure 3, Table 5). after the
standardization for Knosp 3-4 grade, the overall quality of
models for both early and late lack of remission were

However,

insignificant: AUROC for 1-month absence of remission—0.670
(95% CI 0.384-0.597, p=0.219) and for 12-month—0.655 (95%
CI 0.416-0.894, p = 0.284) respectively.

Discussion

Traditionally, the preferred treatment for PSPAs is medical
therapy involving DA. The typical reasons for surgery are when
patients cannot tolerate or do not respond well to DA therapy. In
our study, 66% of patients took DA before surgery. In the
macroadenoma group, significantly (p <0.026), fewer patients were
on therapy with DA as compared to the microadenoma group.
This fact could be explained by pituitary macroadenomas typically
present with mass effects — meaning their large size can apply
pressure to or damage nearby tissues, causing compressive
symptoms and patients do not have time for classical therapy (38).

Surgical treatment becomes the second-line therapy option when
medical management fails or cannot be accepted. For successful
results, patient selection is crucial, as factors such as large tumor size
and cavernous sinus invasion can harm prognosis (39). Moreover,
endonasal approach
(EEA-TTP) for giant PAs is a valid option and seems to provide

endoscopic transtuberculum/transplanum
better outcomes, lower rate of complications and higher extent of
resection compared to one- or multi-stage microscopic, non-
extended endoscopic transsphenoidal, and transcranial resections (40).

Kreutzer J. et al. looked back at past surgical cases to see if there
were any changes in the reasons for surgery. It was found that fewer
patients were being operated on for traditional reasons, but there
was a significant increase in patients choosing surgery as their
primary treatment option. 53.2% of patients, including those
with giant PSPAs, achieved initial remission (27).

In our study, the success rate for remission after one year of surgical
treatment for prolactinomas was high, with a rate of 77.1%. In
microadenomas, the success rate is even higher, at 80.0%. One of the
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most reported postoperative complications is leakage of CSF during
surgery. Biochemical remission was achieved one month after surgery
in 63.3% of patients. After receiving surgery and DA therapy for 12
months 77.1% of patients achieved biochemical remission.

It was discovered a connection between the tumor size and the
preoperative PLR level. Patients who did not experience remission
had a higher increase in PRL levels for each rise in preoperative
tumor volume than those who achieved remission (41). This
suggests that there may be a distinct tumor composition in these
cases. In our investigation, a correlation was discovered in the
microadenoma group between preoperative PLR levels and age,
also with tumor size. In the macroadenoma group, the correlation
was only between serum PLR levels and tumor size. The
preoperative PRL can be used as a predictor of both early and
long-term biochemical remission only in the macroadenomas
group with diagnostic accuracy greater than 70%.

Surgeons and therapists are currently discussing an essential
question regarding whether surgery for PSPAs will be a more cost-
effective option than lifellong medical management (39). Studies
have shown that patients with intrasellar microadenomas that do
not involve the cavernous sinus and have preoperative PRL levels
below 200 ng/ml can have outcomes that are as good as or better
than those who receive medical management (39, 42, 43). TSS can
result in a surgical cure rate of up to 90% in many cases (39, 44, 45).

For example, the costs of medical procedures showed that a
single patient undergoing transsphenoidal PSPAs surgery could
about $10,000 in
Additionally, yearly DAs medication costs approximately $3300,

incur surgical and perioperative costs.
and the cost of medical management would exceed that of
surgery within four years. Furthermore, medically managed
patients may require serial imaging to monitor the size of the
adenoma. The authors found that TSS is a more cost-effective
option for experienced pituitary surgeons, with an expected near
0% mortality rate and minimal morbidity (46, 47).

Regarding the quality of life for patients with PSPAs, there have
been reports of it being negatively impacted after undergoing
TSS (39, 48-50). Studies
demonstrated that surgically reducing the size of prolactinomas

medical management or have
can enable patients to achieve normal PRL levels post-surgery with
lower medication (51). This can lead to more manageable side
effects for patients. Certain patient groups may probably benefit
from surgical resection, particularly young patients with intrasellar
adenomas without suprasellar or cavernous sinus invasion, due to
the accessibility of the lesion and high cure rates. We hope that
our findings can be used to identify PSPAs for which primary TSS
may achieve biochemical remission as an alternative to DAs therapy.

The retrospective design with relatively short follow up time is the
main limitation of current study. Our study was also performed at a
single surgery center specialized on management of patients with
PA. Thus, our patient selection and postoperative complications
may not be generalizable to institutions without a similar case
volume. Additionally, we included in the study 31 patient with
preoperative PRL level between 100 and 200 ng/ml. Among several
studies such PRL level can be recognized as “grey zone” and belongs
to possible pitfalls especially differentiating microprolactinomas with
non-functional PA. Finally, although we determined the optimal
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preoperative PRL cut-off level for prediction of postoperative lack of
remission, it must be emphasized that these values are not absolute
predictors. False positives and negatives are always possible when
using a single test to predict outcomes.

Conclusion

This study found that primary transsphenoidal surgery is an
effective treatment in reaching PRL level control in patients with
both micro- and macroprolactinomas. The correct and thorough
selection of candidates for surgery is crucial to achieve
postoperative serum PRL normalization in the vast majority of
patients. The preoperative PRL can be used as a diagnostic
marker for lack of early biochemical remission in patients with

PSPAs with diagnostic accuracy 66.9%.
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