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BACKGROUND: Thyrotropin-secreting pituitary adenomas (TSH-PA) are a rare cause of thyrotoxicosis and account for
0.5-2% of all pituitary adenomas. Taking into account the rarity of the disease, it is extremely important to analyze each case
of TSH-PA.

AIM: To analyze the clinical characteristics and treatment outcomes of patients with TSH-PA, as well as to determine preop-
erative and early postoperative factors that predict long-term remission.

MATERIALS AND METHODS: In a single-center retrospective study we analyzed clinical signs, laboratory and instrumental
studies, as well as the treatment outcomes of patients with TSH-PA from 2010 to 2023. Preoperative factors, as well as TSH
level measured on day 3 postoperatively, were evaluated for their ability to predict long-term remission when comparing
groups of patients with and without remission.

RESULTS: The study included 45 patients with TSH-PA (14 men, 31 women), with a median age of 45 years [30; 57].
The most common clinical manifestations of TSH-PA were: cardiac arrhythmia in 37 (82.2%) patients, thyroid pathology
in 27 (60%), neurological disorders in 24 (53.35%). Most PAs were macroadenomas (n=35, 77.8%). Preoperatively,
28 (77.8%) patients received somatostatin analogs, and 20 (71.4%) patients were euthyroid at the time of surgery. Sur-
gical treatment was performed in 36 (80%) patients, postoperative remission was achieved in 31 cases (86.1%). Admin-
istration of somatostatin analogues to patients with no remission/relapse after surgery lead to the remission in 100% of
cases (4/4). A1 mm increase in PA size raised the odds of recurrence/no remission by 1.15-fold,and PA invasion during
surgery — by 5.129 fold. A TSH level on day 3 postoperatively above 0.391 mIU/L (AUC, 0.952; 95% ClI 0.873-1.000;
standard error 0.04; p<0.001) identifies patients with relapse/absence of remission after surgical treatment (sensitivity
= 100%, specificity = 88.9%).

CONCLUSION: The TSH-PA in the structure of PAs is extremely rare, and as a result, most of them are misdiagnosed and
detected already at the stage of macroadenoma. The most effective method of treatment is transnasal transsphenoidal
adenomectomy. Somatostatin analogues can be used as second-line therapy if surgical treatment is ineffective. We have
proposed a possible model for postoperative TSH levels (>0.391 mU/I) to predict recurrence of TSH-PA, which requires vali-
dation on an expanded number of cases.
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TUPEOTPONUH-CEKPETUPYIOLWME AAEHOMbI TMNOOU3A: KTMHUYECKME OCOBEHHOCTM
N PE3YJIbTATbI JIEYEHWA 45 NALUVEHTOB

© [.A. TpyxuHa*, E.I. Mpxuankosckas, ?K.E. benas, A.l0. Tpuropbes, B.H. AanzsaH, E.O. MamenoBa, J1.A. PoxxuHckKas,
A.M. NanwwHa, E.A. MNuraposa, J1.K. 3epaHoBa, H.M. [ThatoHoBa, E.A. TpowwuHa, 'A. MenbHUYeHKO

HauyroHanbHbIN MeANLIMHCKUIA UCCIIe[0BaTeNbCKNN LLeHTP SHAOKpuHonorum, Mockea, Poccusa

OBOCHOBAHMUE. TupeoTponuH-cekpeTupyiowme ageHombl runodumsa (TTI-AlN asnaoTca peakon NPUYMHON TMPEOTOKCU-
Ko3a 1 cocTaBnstoT 0,5-2% oT Bcex ageHoM runodusa. YuntbiBas pefKoCTb 3a005eBaHus, aHanu3 Kaxgoro ciydas TTI-Al
ABNAETCA YPe3BblYAHO aKTyaslbHbIM.

LLEJ1b. MNpoBecTn aHann3 xapakTepucTnk 1 pesynbraTtos feyeHna naumeHTos ¢ TTI-Al, a Takxke onpegennTtb npegonepaym-
OHHbIE 1 paHHKe Noc/ieonepaLoHHble pakTopbl, MpeAcKa3bliBaloLive AUTENbHYIO PEMUCCUIO 3a00N1eBaHUs.
MATEPUAJIbl U METOAb. B ogHOLEHTPOBOM PETPOCNEKTMBHOM MCCNEA0BAHNN MPOaHaNN3MpPOBaHbl KIMHUYECKMe Npu-
3HaKW, 1abopaTopHble Y MHCTPYMEHTaJIbHbIE UCCIIEAOBaHUS, @ TakKe pe3ynbTaThl leyeHus nauuneHTos ¢ TTT-Al B nepuog
€ 2010-ro no 2023 rr. lMpepgonepaunoHHble GpakTopbl, a Takxe ypoBeHb TTI, M3MepeHHbIN Ha 3 CyTKW Nocne onepauuu, oue-
HMBaNV Ha NpeaMeT UX CNOCOOHOCTY NPeCKa3biBaTb AONITOCPOUHYIO PEMMCCUIO NPV CPAaBHEHW FpyNn nauueHToB ¢ TTI-AT
C pemMurccuen n 6es pemmccun.

PE3YJIbTATbI. B uccnegoBaHue 6bii10 BKAOUeHO 45 nauymeHToB ¢ TTI-AT (14 my»kuuH, 31 XeHLrHa), C MeiaHON BO3pacTa
45 net[30; 57]. Hanbonee 4acTo 13 KNMHUYECKMX NposasnieHnii TTI-Al BCTpeyanvcb: HapyLweHus putma cepaua —y 37 (82,2%)
nauVeHTOB, NaTONOrMA WNTOBUAHOM xene3bl — Y 27 (60%), HeBponornyeckne HapyweHma — y 24 (53,35%). bonbwmnHcTBO
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AT 6bI1M NpefcTaBneHbl MakpoageHoMamu (n=35, 77,8%). [lo onepaunv aHanoryn comaToctatHa nonyydanu 28 (77,8%) na-
uneHTos, 1y 20 (71,4%) Ha MOMEHT NPOBeAEHUs ONepaTUBHOro BMELLATENIbCTBA Obl1 SyTUPeo3. Xnpypruyeckoe feyeHve
nposegeHo 36 (80%) naumeHTam, nocneonepaLoHHasa peMmccua gocTnrHyTa B 31 cnyyae (86,1%). Npu HasHayeHWM aHano-
roB cCOMaToCTaTVHa NaureHTam 6e3 pemrnccun/c peuuanBomM nocie onepauny pemmccusa Hactynuna B 100% cnyyaes (4/4).
YBenuueHme pasmepa Al Ha 1 MM NOBbILLAET BEPOATHOCTb peLmanBa/oTcyTcTBmA pemuccun B 1,15 pasa, a HBasna Al B xoge
onepauun — B 5,129 pasa. YposeHb TTI Ha 3 cyTKu nocne onepaTtmBHOro BMellaTenbcTsa Bbiwe 0,391 mME/n (AUC — 0,952;
95% [ 0,873-1,000; cTaHA. owmbka 0,04; p<0,001) Nno3BoNAeT BbIAENUTb rPYMMny prcka peuunansa/oTcyTCTBUA PeEMUCCUM
rocne XMpypruyeckoro neyeHus (4yBcTBuTeNnibHOCTb = 100%, cneunduryHocTb = 88,9%).

3AKJTIOMEHUE. TTI-AT B cTpyKkType Al BCTpevatoTca KpaliHe pefiko, BCIeACTBME Yero B O0MbLUMHCTBE CBOEM HENPaBUbHO
[VNArHOCTMPYIOTCA 1 BbIABMAIOTCA YXKe Ha CTagumn MakpoafeHombl. Hanbonee a¢pdeKkTMBHbIM METOLOM NeyeHns ABnaeTcs
TpaHCHa3asbHas TpaHcdeHomaanbHaa afeHOM3KTOMUA. B KauecTBe Tepanum BTOPOM NMHUKN Npu HeabdeKTUBHOCTU onepa-
TUBHOTO NeYeHnA MOTYT NCMOMNb30BaTbCA aHaNoru comaToctaTHa. Hamm npepgnoxeHa BO3MOXKHasA Mofesib OLEHKN YPOBHSA
nocneonepavmoHHoro TTI (>0,391 mEa/n) ana nporHosnposaHusa peunaunsos TTI-Al, uto TpebyeT noaTBepPXAeHNA Ha pac-

LUMPEHHOW BbIOOPKE NaLMeHTOB.

KJTIOYEBbIE CJIOBA: mupeomponuH-cekpemupyioujue adeHoMbl 2unogu3d; mupeomoKCcUKo3; OUAzHOCMUKGJ; leyeHue.

INTRODUCTION

Thyrotropin-secreting pituitary adenomas (TSH-PA) ac-
count for 0.5-2% of all pituitary adenomas and are a rare
cause of thyrotoxicosis [1]. The vast majority of TSH-PAs are
benign tumours and only three TSH-producing carcino-
mas have been described in the literature [2]. The first case
of TSH-PA was documented by Jailer JW. and Holub D.A.
in 1960; they suggested and proved that thyrotoxicosis syn-
drome could be associated with PA [3]. In total, about 540 pa-
tients with TSH-PA have been described in the worldwide
literature [4, 5]; 29 cases have been reported in the Russian
literature [6, 7, 8]. TSH-secreting adenomas may also be part
of hereditary syndromes such as multiple endocrine neopla-
sia type 1 syndrome (mutations in MENT gene); in addition,
2 cases with a mutation in AIP gene (Familial isolated pitu-
itary adenoma) have been described [9, 10]. Most (~70%)
TSH-PAs secrete only TSH; the remaining 30% are mixed PAs,
the most common combination of which is co-secretion
with growth hormone (GH) or prolactin (PRL) [9].

Previously, TSH-PA was diagnosed at the stage of inva-
sive macroadenoma and was considered difficult to treat.
However, the introduction of new methods of immunomet-
ric analysis to assess thyroid function and high-resolution in-
strumental diagnostics has significantly improved the diag-
nosis of patients with thyrotoxicosis, allowing more frequent
detection of central thyrotoxicosis [1]. TSH-PA should be sus-
pected when an inappropriate TSH level (normal or elevated)
is found in individuals with elevated thyroid hormone levels.
To identify central thyrotoxicosis, repeated laboratory test-
ing should always be performed to exclude laboratory er-
rors and transient changes in thyroid hormone levels. Next,
highly sensitive functional tests (thyrotropin-releasing hor-
mone test, triiodothyronine suppression test, measurement
of a-subunit/TSH molar ratio, search for mutations in THRB
gene [1, 5, 11]) can be used to identify TSH-PAs and to make
a differential diagnosis with thyroid hormone resistance syn-
drome. In some cases, TSH-PA can also be diagnosed by trial
therapy with long-acting somatostatin analogues (SAs) for
atleast two months[9, 12] and short-acting SAs [13]. Despite
all the above, as De Herdt S. et al. have pointed out, pituitary
macroadenomas are found on imaging studies in most pa-
tients at the time of diagnosis of TSH-PA, although a steady
decrease in the frequency of such macroadenomas has been
reported [5, 14, 15, 16].
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The time taken to make the correct diagnosis may be
due to the subtle clinical picture of thyrotoxicosis, and
in macroadenomas neurological symptoms may be more
prominent [1]. Measuring TSH levels alone to exclude
functional thyroid disorders may also lead to misdiagno-
sis and «missing» cases of central thyrotoxicosis, as normal
TSH levels with elevated free thyroxine (free T4) and/or tri-
iodothyronine (free T3) fractions are common [17]. In Russia,
the diagnosis of TSH-PA in complex situations is difficult due
to the unavailability of the thyrotropin-releasing hormone
triiodothyronine [6].

Transsphenoidal adenomectomy is considered the first-
line treatment for TSH-PA. Meta-analysis shows that bio-
chemical remission after surgery occurs in 69.7% of pa-
tients (95% confidence interval (Cl) 61.1%-78.4%); although
in some studies the postoperative remission rate is 100%,
it is generally lower than desired [4]. Preoperative admin-
istration of SAs may contribute to the reduction of PA size
due to the expression of somatostatin receptors (SSTR) by
TSH-PAs [16]. However, there is still no consensus on the need
for neoadjuvant SA therapy, as it does not increase the rate
of radical tumour removal as well as the association of pre-
operative euthyroid status with surgical outcomes [5]. When
surgery is ineffective, refused or impossible, SAs can be
prescribed to control the disease: postoperative use of SAs
leads to disease stabilisation in 81.9% of cases [5, 16].

The use of dopamine receptor agonists (DRAs), especially
cabergoline, is effective mainly in PAs with mixed secretion -
PRL+ TSH. DRA treatment as monotherapy for TSH-PA yields
contradictory results [1, 18]. When SSTR and dopamine D2
receptor (D2R) expression occurs in distant tumour tissue,
co-administration of SAs and DRAs may be generally effec-
tive for disease control when surgery is unsuccessful [4].

Due to the high efficacy of SAs and the risk of hypo-
pituitarism and other complications following radiother-
apy, this treatment option is currently used much less
frequently. However, in the case of ineffective surgery
or drug treatment and aggressive tumour growth, radio-
therapy followed by the administration of SA is an option
[4,5,9].

Cure criteria for TSH-PA patients have not been clearly
established due to the rarity of the disease and the wide
heterogeneity of methods used to diagnose remission.
An undetectable TSH level one week after surgery may in-
dicate complete tumour resection, provided that no other
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treatment methods have been used prior to surgery [19].
In a study by Kim S.H. et al, the TSH level 12 hours after
surgery was found to be the strongest predictor of remis-
sion with a threshold of 0.62 UME/mL [20]. Normalisation
of the a-subunit/TSH molar ratio is also generally a good in-
dicator of treatment response; however, its sensitivity is quite
low, as this ratio is normal in approximately 25% of TSH-PA
patients. The most sensitive and specific test for confirming
complete adenoma removal, in the absence of contraindica-
tions, remains the T3 test [21]; therefore, if functional tests
are not available, other methods must be found to diagnose
long-term remission in TSH-PA patients.

The data collected on TSH-PA are extremely relevant,
and each case can contribute to increasing awareness
of the disease and clinical experience in global practice.
The aim of our study was to analyse the clinical features
and specifics of diagnosis in patients when functional tests
are not available, the particularities of treatment, remis-
sion criteria and follow-up in 45 TSH-PA patients followed
at the same institution.

METHODS

Design of the study
A single-centre observational retrospective study.

Inclusion criteria

PA patients with normal or elevated blood TSH combined
with elevated free T4 and/or free T3 level; patients with IHC-
confirmed TSH-PA diagnosis.

Setting

Patients were seen at the Endocrinology Research Centre
(Moscow, Russia) during the period 2010-2023.

Medical records were analysed retrospectively. Data col-
lected included demographic information, medical history,
physical examination data, laboratory and instrumental ex-
amination data, treatment methods, and histological results.

The diagnosis of TSH-PA was made on the basis of hor-
monal examination (inadequate TSH level with high free T4
and/or free T3), clinical presentation, and pituitary magnetic
resonance imaging (MRI) data. Some patients were treated
with long-acting octreotide (20 mg intramuscularly once
every 28 days or lanreotide 120 mg subcutaneously once
every 28 days for at least two months).

TSH, free T4 and free T3 levels were measured be-
fore and after surgery using Architect i2000SR (Abbott
Laboratories, Abbott Park, Illinois, USA), reference inter-
vals: TSH (0.25-3.5 mlU/L), free T4 (9-20 pmol/L), free T3
(2.5-5.5 pmol/L).

All patients were tested for mixed PA secretion: blood
tests were performed to determine the levels of anterior
pituitary hormones and their target organs (GH, PRL, folli-
cle-stimulating hormone (FSH), luteinising hormone (LH),
insulin-like growth factor 1 (IGF-1), morning blood cortisol,
estradiol, testosterone). In some patients, it was considered
necessary to perform an oral glucose tolerance test with
75 g glucose and determine GH levels (at 0, 30, 60, 90, 120
minutes) to exclude/confirm acromegaly. Collagen type |
C-telopeptide (CTx), osteocalcin, sex hormone binding glob-
ulin (SHBG) and total cholesterol levels were also measured
to rule out tissue thyrotoxicosis.
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Instrumental studies included MRI, thyroid ultrasound
(to exclude thyroid enlargement/nodular mass), X-ray densi-
tometry of the lumbar spine and proximal femur, electrocar-
diography and echocardiography.

Short-acting octreotide injections were given as part
of the preoperative preparation to reduce thyroid hormone
levels.

Surgical treatment of TSH-PA was performed in 36 pa-
tients, 34 of whom were operated on at the Endocrinology
Research Centre. The surgical material was stained with he-
matoxylin and eosin according to the standard technique.
In addition, in most cases, immunohistochemical (IHC) study
of postoperative material was performed to confirm the di-
agnosis: antibodies against TSH, GH, PRL, Ki-67, adrenocorti-
cotropic hormone (ACTH), FSH, LH, somatostatin subtype 2
receptors, dopamine subtype 2 receptors, and CAM5.2 were
measured. If no IHC study was performed, the diagnosis
of TSH-PA was confirmed by the achievement of postoper-
ative remission.

Normalisation of TSH, free T4, and free T3 levels, regres-
sion of thyrotoxicosis symptoms, and absence of residual
tumour tissue on MRI over time were considered criteria for
postoperative remission and drug remission.

Ethical expertise

The study protocol was approved by Endocrinology
Research Centre’s local ethical committee on 22 March 2023,
session record no. 4.

Statistical analysis

The sample size was not calculated beforehand.
Statistica 13.3 (StatSoft USA), SPSS 23 (Armonk, NY,
IBM Corp) software was used for statistical processing
of the data. The Shapiro-Wilk and Kolmogorov-Smirnov cri-
teria were used to analyse sample distribution. Descriptive
statistics data are presented as median and 25th and 75th
percentiles. Absolute (n) and relative values (%) were calcu-
lated to describe qualitative data. The Mann-Whitney test
was applied for intergroup comparisons on quantitative
attributes. Pearson’s x-square test and Fisher’s exact test
were used to analyse relationships between categorical
variables. The Spearman rank correlation method was used
to assess relationship between traits. Logistic regression
was performed to predict the probability of the event oc-
currence. Differences at p<0.05 were considered statistical-
ly significant. Bonferroni correction was applied to elimi-
nate the effect of multiple comparisons.

RESULTS

Patient profile

Data from the Russian Hypothalamic-Pituitary Tumour
Registry (HPTR) from 85 regions of the Russian Federation
identified 11,754 patients with PA as of 29 March 2023,
of whom 0.07% (n=8) had TSH-PA (excluding the cases pre-
sented in this article). Our single-centre study included 45
patients with TSH-PA. The median (Me) age was 45 years [30;
57]; the male to female ratio was 1:2.2 (14 males). The mean
time to diagnosis of TSH-PA was three years [2; 6], with
a maximum of 31 years.

The most common clinical manifestations of TSH-PA
were: cardiac rhythm disorders (CRDs) - 82.2% (n=37)
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(sinus tachycardia was the most common CRD (in 30 cas-
es)); neurological disorders (headache) - 53.3%; decreased
bone mineral density (BMD) - in 46.7% of cases (osteo-
porosis — 22.2%; four patients had low traumatic frac-
tures). Weight loss was observed in only 22.2% of cases
(BMI 24.4 kg/m? [20.9; 28.3]). Menstrual dysfunction was
observed in 23.8% of women of reproductive age (n=21).
One patient had only neurological disorders due to a pitu-
itary macroadenoma, and the TSH-PA diagnosis was made
by IHC only. Thyroid pathology was detected in 27/45 pa-
tients (60%): in most cases nodular thyroid masses were
detected (22.2%, n=10); Me of thyroid volume was 16 ml
11.4; 26.6]. All clinical manifestations of TSH-PA are listed
in Table 1. One patient had undergone thyroid surgery
prior to the diagnosis of TSH-PA; a subtotal thyroidecto-
my was performed after a misdiagnosis of diffuse toxic
goiter; histological examination of the surgical material
revealed a microfocus of papillary follicular carcinoma
TINOMx. 26/45 patients (57.7%) had received thyrostatic
medication in the past.

Laboratory findings

Atbaseline, 21 patients had elevated TSH, free T3, and free
T4; ten patients had elevated free T3 and free T4 with normal
TSH; seven patients had elevated TSH and elevated free T3
or free T4; five patients had elevated one of the hormones
(Figures 1-3). The median TSH was 4.41 mlU/L [3.02; 6.65],
free T3 was 7.62 pmol/L [6.2; 10.5], free T4 was 22.6 pmol/L
[19.48; 29.35]. It is also worth noting that TSH was slightly
higher in patients receiving thyrostatic drugs than in those
not taking them.

Of the patients with elevated hormones
1) One patient was taking 5 mg of thiamazole on admis-

sion, free T3 and free T4 were normal, TSH was slightly

elevated.

Table 1: TSH-PA clinical manifestations

OPUTMHAJIbHOE NCCNEAOBAHUME

2) One patient with a history of subtotal thyroidectomy had
an elevated TSH only.

3) One patient was found to have a combination of prima-
ry hypothyroidism and TSH-PA (signs of autoimmune
thyroiditis on ultrasound; elevated TPOAb; normal free
T3 and free T4 with elevated TSH and no significant sup-
pression on supraphysiological doses of levothyroxine
sodium in combination with PA).

4) Two patients were not taking any thyrostatic or other
medication at the time of admission and each had an el-
evation of one of the hormones: free T4 or free T3.

One patient with no symptoms of thyrotoxicosis (only
neurological symptoms) did not undergo free T3 testing,
and her TSH and free T4 values were within the reference
interval.

Elevated levels of SHBG, CTx and osteocalcin were
found in 60.53%, 54.55% and 39.29% of cases respectively.
The levels of total cholesterol, low-density lipoprotein, alka-
line phosphatase and antibodies to the TSH receptor did not
show clinically significant differences. Co-secretion of GH/
TSH was detected in eight cases; hyperprolactinaemia due
to mass effect was diagnosed in seven cases. No co-secre-
tion of TSH/ACTH was found in our cohort of patients.

Correlation analysis showed no correlation between TSH
levels and free T4/free T3 (p>0.05), nor were correlations
found between TSH/free T4/free T3 levels and maximum PA
size (p>0.05).

Test with somatostatin analogues

Somatostatin analogue test was performed in 39/45 pa-
tients. Short-acting octreotide test was performed in 26 pa-
tients; 15 of them had complete normalisation of thyroid
hormones; in 6 patients, TSH and free T3 levels decreased
to normal values and free T4 approached the upper limit
of the normal interval.

Parameter Value
Cardiac rhythm disorders, n (%) 37/45 (82.2)
sinus tachycardia 30 (66.7)
atrial fibrillation 6(13.4)
ventricular premature beats 1(2.2)
Thyroid pathology, n (%) 27/45 (60)
diffuse enlargement 7 (15.6)
nodular lesions 10(22.2)
both of the above 10(22.2)
Neurological disorders (headaches), n (%) 24/45 (53.3)
Low BMD 21/45
osteoporosis 10(22.2)
osteopenia 11 (24.4)
Tremor, n (%) 16/45 (35.6)
Menstrual disorders, n (%) 5/21(23.8)
Weigh loss, n (%) 10/45 (22.2)
Eyesight disorders, n (%) 4/45 (8.9)
Family history of the disease, n (%) 0/45 (0)
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Figure 1: Distribution of baseline TSH values in TSH-PA patients. Red lines
indicate reference intervals (0.25-3.5). Me [Q1; Q3] - median, interquartile
range.
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Figure 2: Distribution of baseline free T4 values in TSH-PA patients. Red
lines indicate reference intervals (9-19). Me [Q1; Q3] - median, interquartile
range.
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Figure 3: Distribution of baseline free T3 values in TSH-PA patients. Red lines indicate reference intervals (2.6-5.7). Me [Q1; Q3] - median, interquartile
range.

Long-acting octreotide test was performed
in 13/39 patients. Seven patients achieved complete
normalisation of thyroid hormones; one patient showed
normalisation of TSH levels, while free T4 and/or free T3
levels approached the upper limit of the normal interval.
One patient with GH/TSH-PA normalised thyroid hor-
mones, but not insulin-like growth factor-1. Octreotide
20 mg every 28 days was given to 11 patients and lanre-
otide 120 mg to two patients.

Side-effects of SA were observed in eight patients: diar-
rhoea in six cases, abdominal pain in five cases. Nausea, vom-
iting, flatulence, steatorrhoea, weight loss and gallstone for-
mation were also observed within one year.

Magnetic resonance imaging

The majority of PAs were macroadenomas (77.8%) with
a mean tumour diameter of 15.5 mm [12; 26] (see Table 2).
Extrasellar spread of the tumour was noted in 21 cases.
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Treatment results

Prior to surgery, 28/36 patients received octreotide
to achieve euthyroid status and reduce clinical symp-
toms: six received long-acting octreotide and 22 received
short-acting octreotide. The mean duration of SA ad-
ministration prior to surgery was one week [0.5; 2.2] for
short-acting octreotide and 12 weeks [8; 29] for long-act-
ing octreotide. Five patients received long-acting octre-
otide at a dose of 20 mg every 28 days, and one patient
received 120 mg of lanreotide.

Surgery was performed in 36/45 patients (29 with
macroPA and seven with microPA). After primary surgery,
31 patients (86.1%) achieved early postoperative remission.
Median postoperative TSH was 0.161 mIU/L [0.016; 0.479];
median free T3 was 3.06 pmol/L [2.77; 3.73]; median free T4
was 14.21 pmol/L [10.75; 16.63]. Fifteen patients had TSH
levels below 0.1 mIU/L, another 15 patients had levels be-
tween 0.1 and 1.0 mIU/L, and four patients had levels be-
tween 1.0 and 3.7 mIU/L.

Tumour invasion was detected during surgery in 12 cas-
es (macroPA - ten cases; microPA - two cases). IHC analy-
sis of resected material was performed in 24 patients. TSH
expression was detected in 23 PA cases and isolated cells
expressing TSH in one case. Somatostatin type 2 receptor
(SSTR2) expression was detected in all 15 cases where this ex-
amination was performed, and D2R expression was detect-
ed in all ten cases where this examination was performed.
Ki-67 IHC was performed on 18 PA specimens: 4 specimens
had less than 1% Ki-67, three had between 1% and 3%, and
four had more than 3% (Me=4 [1.8; 10.4]).

After surgery, no remission was diagnosed in five pa-
tients and three patients had a relapse (Table 3). Two pa-
tients underwent repeat surgery (one patient with no re-
mission and one patient with relapse); post-surgery, both
patients achieved remission.

Two patients underwent postoperative radiotherapy,
and in both cases remission was achieved only by subse-
guent administration of long-acting SA.

Long-acting SA therapy was prescribed in four pa-
tients after unsuccessful surgical treatment; remission
was achieved in all cases with SA administration at doses
of 10, 20, 30 mg once every 28 days; remission lasted for two
years or more in three patients. Nine patients received dopa-
mine receptor agonists, but euthyroidism was not achieved
in any case of DRA monotherapy.

Hypopituitarism was noted in 4/34 patients (9.8%) pre-
operatively and in 10/34 (32.3%) postoperatively. All four
patients had secondary hypogonadism before surgery and
two had secondary adrenal insufficiency.

Postoperative complications developed in 11 (34.4%)
patients: four patients had hypopituitarism; two patients

Table 2: MRI findings in TSH-PA patients

OPUTMHAJIbHOE NCCNEAOBAHUME

had syndrome of inadequate ADH secretion; three patients
had transient diabetes insipidus; one patient had transient
diabetes insipidus and secondary adrenal insufficiency; one
patient developed GH deficiency. One patient had both
pre- and post-operative secondary adrenal insufficiency
and secondary hypogonadism. Two patients are currently
on levothyroxine sodium replacement therapy for second-
ary hypothyroidism.

The median follow-up after surgery was 12 months
[1,5; 24]. Two patients with early postoperative remission
were lost to follow-up. In a sample of patients with remission
after at least 6 months of follow-up, a cut-off point for post-
operative TSH (on the third day after surgery) was calculated
using ROC analysis to identify patients at risk of recurrence.
Those who did not achieve remission and those who subse-
quently relapsed had postoperative TSH levels above 0.391
mlU/L according to Youden'’s criterion (AUC, 0.952; 95% Cl
0.873-1.000; standard error 0.04; p<0.001), specificity (SP) =
88.9%, sensitivity (SE) = 100%.

Nine out of nine patients who did not undergo surgery
were prescribed long-acting SAs. Surgery was not performed
due to contraindications or patient refusal. Only 3/9 patients
achieved remission at the end of follow-up with SA therapy
(20 and 30 mg once every 28 days). During treatment with
long-acting SA, PA size decreased in all patients, more so for
macroPAs (initial size — 18x23x20 mm; size at last observa-
tion — 12x18%x15 mm).

Of the non-surgical patients, a total of six had not
achieved remission by the end of follow-up; of the surgical
patients, 1/36 had not achieved remission (lost to follow-up).

The 4/6 patients who did not achieve remission were
on long-acting SA therapy; to date, the SA dose has been
increased to achieve disease control.

One unoperated patient with severe thyrotoxicosis and
giant TSH-PA died of occlusive hydrocephalus before re-
mission was achieved. Another death occurred in a patient
in remission after reoperation — a mental disorder devel-
oped against the background of uncontrolled desmopres-
sin administration for postoperative diabetes insipidus,
which did not resolve after stabilisation of the thyroid status
and normalisation of the sodium level; the destabilisation
of the mental status led to stupor with pneumonia, which
was the cause of death.

Preoperative factors affecting surgical treatment outcome

To determine preoperative factors affecting the outcome
of surgical treatment, patients were divided into two groups:
long-term remission (n=18) and relapse/no remission (n=6).
The absence of laboratory thyrotoxicosis and residual PA
tissue on MRI were considered remission criteria. Patients
with early postoperative remission were not included

PA feature, n (%)

Macroadenoma 35(77.8)
max tumour diameter (mm), Me [Q1; Q3] 15.5[12; 26]
extracellular growth 21 (60)

Microadenoma 10(22.2)
max tumour diameter (mm), Me [Q1; Q3] 5[4; 6]
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Table 3: Summary of TSH-PA patients treatment results
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Number of patients

Treatment method n, (%) Remission noRz;F;:;/o )
Surgical treatment 36/45 (80) 31 5/3
Repeat surgery 2/8 (25) 2 -
Long-acting SA therapy prior to surgery 6/36 (13.9) 4 2/-
Post-surgery radiotherapy 2/36 (5.6) 0 2/-
Post-surgery long-acting SA therapy 4/8 (50) 4 -
Long-acting SA therapy after radiotherapy 2/2 (100) 2 -
Cabergoline 9/45 (20) - 9/-
Long-acting SA therapy (unoperated patients) 9/45 (20) 3 6/-

in the analysis; the minimum follow-up period was 6 months
and the maximum follow-up period was 3 years.

Comparative analysis of the remission and relapse/no
remission groups showed no statistically significant differ-
ences in preoperative levels of TSH, free T3, free T4, visual
impairment, maximum tumour size or tumour invasion.
Despite the lack of differences in the above parameters, two
characteristics were selected for logistic regression analysis
to determine the preoperative factors influencing surgical
treatment outcome: PA invasion at surgery and maximum
PA size.

The analysis showed that each 1 mm increase in PA size
increased the odds of relapse/no remission by a factor of 1.15
(OR 1.15, 95% Cl 0.995-1.346, p=0.058); in the relapse/no re-
mission group, the odds of PA invasion during surgery were
5.129 times higher than in the remission group (OR=5.129,
95% Cl 0.284-92.648; p=0.268). Given the trend of the p-cri-
terion, it is likely that an increase in the number of patients
in both groups could lead to an increase in the power
of the results.

DISCUSSION

Our paper presents the clinical characteristics and treat-
ment outcomes of 45 TSH-PA patients. According to Russian
HPTR data, rare TSH-PAs account for only 0.45% of the total
number of PAs. In the international literature, TSH-PAs also
account for 0.5% to 2% of all PAs [1], and the prevalence
in the general population is 1-2 cases per million people,
although the Swedish registry has recently reported an
increase to 2.8 cases per million people [15]. The increase
in the number of reported cases is most likely due to im-
proved diagnostic methods (laboratory and instrumental)
as well as physician awareness of the disease [22-24].

As in our study (n=35 (77.8%)), the detection rate
of TSH-PA macroadenomas is still high worldwide; for ex-
ample, in a systematic review by De Herdt C. et al. the ma-
jority of TSH-PAs (76.9%) were macroadenomas. However,
evidence of a steady increase in microadenomas in recent
years has been reported: in a study by Yamada S. et al,
the number of microadenomas in newly diagnosed cases
was significantly higher than in earlier years (p=0.0274) [16];
a meta-analysis by Cossu G. et al found that the percentage
of microadenomas increased significantly in papers pub-
lished after 2000 (p=0.04) [4].
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In the literature, TSH-PA occurs with equal frequency
in men and women, in contrast to other more common thy-
rotoxic diseases in which the female sex predominates [11];
the age at diagnosis can be any, but in most patients it is
in the fifth to sixth decade of life and is approximately
42-46 years [1, 4, 5, 16]. In our study, the male-to-female
ratio was 1:2.2, which differs slightly from data collected
in international practice, but the mean age was 45 years, as
in other studies [30; 571.

Approximately 1/3 of TSH-PA cases are misdiagnosed as
Graves' disease or functional autonomy, increasing the time
to correct diagnosis and appropriate treatment [15]. Some
patients may undergo unnecessary 131l radioiodine thera-
py (RIT) and thyroidectomy, which in turn may contribute
to an increased incidence of invasive macroadenomas [1].
However, it should not be forgotten that TSH-PA can be asso-
ciated with Graves' disease [25], with primary hypothyroid-
ism [26], and the role of long-term uncompensated primary
hypothyroidism in the development of secondary hyper-
plasia/secondary TSH-PA has been discussed in the litera-
ture [27, 28]. In our cohort of patients, the mean time to di-
agnosis of TSH-PA was three years [2; 6], with a maximum
of 31 years; 26/45 patients (57.7%) were taking thyrostatic
drugs, and one patient had undergone thyroid surgery (no
PA growth after thyroidectomy, according to MRI). One pa-
tient in our study had a combination of primary hypothy-
roidism with TSH-PA (confirmed by ICH); after transnasal
transsphenoidal adenomectomy, the patient has been in re-
mission for three years and continues to receive hormone
replacement therapy with levothyroxine sodium.

In patients with TSH-PA, signs and symptoms of thy-
rotoxicosis are usually milder than in patients with other
causes of thyrotoxicosis or may be absent [1, 5, 9]. In addi-
tion, in mixed GH/TSH-PA, acromegaly symptoms may be
more prominent, so it is important to assess all pituitary
hormones in PA patients [1]. In our work, many patients
had mild clinical manifestations of TSH-PA, and one patient
had no signs of thyrotoxicosis; only symptoms of tumour
mass effect (headaches) were observed. Cardiac arrhythmi-
as were observed in 82.2% of patients, mainly sinus tachy-
cardia (n=30); atrial fibrillation was diagnosed in six cases,
which is consistent with data from other studies [5, 9, 29].
Most TSH-PAs are macroadenomas at the time of diagno-
sis, which explains the presence of mass effect symptoms
in 30%-40% of patients [1, 30]. In our study, neurological
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disorders (headaches) were reported in slightly more than
half of the patients (n=24) and visual disturbances in four
patients. Co-secretion of GH was detected in eight pa-
tients and prolactin elevation in seven patients, but we
did not detect LH/FSH or ACTH expression in our cohort.
Hypersecretion of GH and/or PRL is most common and is
present in approximately 30% of TSH-PA patients, most
likely due to shared transcription factors such as Prop-1and
Pit-1 [31]. Mixed TSH/FSH or LH-PA is much less common,
and to date no TSH/ACTH-PA has been reported, probably
due to the distant origin of the corticotrophic and thyro-
trophic lineages [1].

Diffuse enlargement of the thyroid gland was found
in 7/45 patients, nodular masses in 10/45, and a combina-
tion of the above in 10. The increased incidence of thyroid
cancer in TSH-PA patients is controversial. For example, it
has been suggested that the increased risk of thyroid can-
cer in TSH-PA patients may be due to the stimulatory effect
of TSH hypersecretion on thyrocytes [32]; or that the high-
er prevalence of thyroid cancer in TSH-PA patients may be
related to the frequent use of ultrasound in this particular
cohort of patients [5]. In our case series, thyroid cancer was
detected in one patient long before the correct diagnosis
of TSH-PA was made.

The diagnosis of TSH-PA may be suggested when a pa-
tient has a high or insufficiently normal TSH level with el-
evated free T4 and/or free T3. The first step in diagnosing
central hyperthyroidism is to repeat the thyroid status
measurement to exclude the effect of various substances
on the laboratory equipment itself [33] and to exclude tran-
sient changes in thyroid hormone levels due to certain con-
ditions, such as medication (estrogens, amiodarone), preg-
nancy, acute psychiatric and critical conditions, subacute
thyroiditis, or genetic causes, including resistance to thyroid
hormones or familial dysalbuminemic hyperthyroxinemia.
In addition, TSH-PA should be suspected in patients with
primary hypothyroidism of various aetiologies in whom nor-
malisation of the TSH level cannot be achieved by increas-
ing the dose of levothyroxine sodium, provided the patient
is compliant [29]. In addition to the above causes, thyroid
hormone resistance (THR) syndrome should be differentiat-
ed from TSH-PA because of the similarity in clinical manifes-
tations and laboratory parameters [34, 35]. THR syndrome
is a dominantly inherited disorder caused by mutations
in the THRB gene (80%-85% of cases), with a prevalence
of 1 case per 40,000 population. Patients with THR syndrome
may be asymptomatic (most commonly) or have symptoms
of thyrotoxicosis (less commonly), depending on the refrac-
toriness of peripheral tissues to high levels of free T4 and
free T3. TSH-PA can be distinguished from THR syndrome
by: the presence of a first-degree relative with similar symp-
toms, normal a-subunit level, absence of PA mass effect
symptoms, elevated TSH on thyroliberin test, no response
to SAs administration, and evaluation of other peripheral
blood parameters, particularly SHBG and CTx [1, 5, 91.

Han R. et al. performed a differential diagnosis of TSH-
PA patients and THR syndrome patients using short-acting
SAs [13].In both TSH-PA and THR syndrome patients, the TSH
level decreased at the beginning of the SA trial (after the first
injection); however, the TSH suppression rate at 24 hours
compared to 2 and 0 hours was significantly higher in TSH-PA
patients than in THR syndrome patients (70.58+18.6% vs.
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6.01+25.41%, p<0.0001, 79.83+12.79% vs. 51.16+13.62%,
p<0.0001, respectively). In our study, short-acting octreotide
was administered to 26/39 patients, of whom 15 achieved
complete normalisation of thyroid hormones, and long-act-
ing octreotide was tested in 13/39 patients, of whom
7 achieved complete normalisation of thyroid hormones.
Side effects occurred in 20.5% of patients, mainly in the gas-
trointestinal tract. In general, in the differential diagnosis
of TSH-PA and THR syndrome, a test with long-acting SAs
administered for at least two months can be used with con-
fidence, whereas a test with short-acting SAs may have low
sensitivity and is currently only used for the management
of thyrotoxicosis in preparation for surgery.

Examination of TSH levels alone when thyroid hormone
dysfunction is suspected may also complicate the diagno-
sis of TSH-PA and lead to inappropriate management of pa-
tients, as TSH levels are often normal with elevated free T4
and/or free T3 [16]. In our study, 16/45 patients (35.6%) had
normal TSH levels at the time of diagnosis.

As mentioned above, diagnostic tests that measure
a-subunit levels can be used to diagnose TSH-PA. In patients
with TSH-PA, elevated a-subunit levels can be observed
in 70% of cases and are most common in macroadenomas;
therefore, a normal a-subunit level makes the diagnosis
of TSH-PA less likely, but does not exclude it [9]. In the thy-
rotropin-releasing hormone test (200 pg thyroliberin intra-
venous injection), relatively healthy controls and patients
with THR syndrome show an increase in TSH levels, in con-
trast to TSH-PA patients in whom no change in TSH levels is
observed in 85% of cases. The triiodothyronine test is per-
formed by administering 80-100 pg of triiodothyronine per
day for eight to ten days, followed by TSH measurement;
in TSH-PA, in contrast to other conditions, no suppression
of TSH levels occurs in 100% of cases. However, this test is
contraindicated in the elderly and those with cardiovascular
disease because it can cause arrhythmias and is not availa-
ble in many countries [1, 9, 6]. The long-acting SA test can
also be recommended for the diagnosis of TSH-PA. For ex-
ample, most TSH-PA patients have a significant decrease
or normalisation of TSH, free T4 and/or free T3 levels after
SA injection. The use of SAs as neoadjuvant therapy pri-
or to surgery contributes to the reduction of PA; however,
some studies have found no statistically significant differ-
ences in the improvement of surgical outcomes between
patients with and without octreotide administration [4, 16,
22, 36]. In the Russian Federation, tests with thyrotropin-re-
leasing hormone and triiodothyronine, a-subunit measure-
ment are not performed; clinical practitioners use tests with
short- or long-acting SAs. In our study, short- and long-act-
ing SAs were tested in 39/45 patients, of whom 22 showed
complete hormone normalisation; 28/36 patients continued
to receive SAs preoperatively; the Me of duration of admin-
istration of short-acting SAs was one week and long-acting
SAs 12 weeks. SAs were not used in microadenomas without
significant thyroid hormone elevation and marked symp-
toms of thyrotoxicosis.

Pituitary MRI is recommended only after laboratory con-
firmation of TSH-PA-induced central thyrotoxicosis. Imaging
studies can not only confirm the presence of TSH-PA, but
also help to define the location of the tumour and its rela-
tionship to the surrounding tissue. Most TSH-PAs are tu-
mours larger than 10 mm [9, 22]; however, as mentioned
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above, micro-TSH-PAs have recently been diagnosed with
increasing frequency. If the MRI does not show a tumour
in the sella turcica, but the laboratory tests indicate a TSH-PA,
one should look for TSH ectopia [37]. We found that MRI data
showed more macroadenomas with a maximum tumour
diameter of 15.3 mm [12; 27], whereas microadenomas
had a maximum diameter of 5 mm [4; 6]. As in other stud-
ies [5, 16], we observed no correlations between TSH/free
T4/free T3 levels and PA size.

The first-line treatment for TSH-PA patients is transnasal
transsphenoidal adenomectomy followed by IHC of post-
operative material. Studies suggest that approximately
80% of TSH-PA patients can achieve remission with surgical
treatment alone [5, 9]. Compared to other PAs, TSH-PA tends
to have a higher degree of microinvasion and intra- and
peri-tumoural fibrosis, which may negatively affect surgical
outcome and cause perioperative complications such as
bleeding, liquorrhoea, diabetes insipidus and hypopituitar-
ism [9, 22]. In their study of a large group of TSH-PA patients,
Yamada S. et al. first identified preoperative factors that may
influence surgical outcome. The most significant predictors
of non-radical surgery in patients were the degree of cavern-
ous sinus invasion and the maximum PA diameter - the larg-
er the tumour diameter and the more pronounced the de-
gree of invasion, the more often no remission was observed
after surgery. Neither TSH and free T4 levels, nor age or gen-
der influenced the outcome [16].

In our study, the remission rate after primary surgery was
relatively high, as it is internationally: 86.1% (31/36 patients).
Tumour invasion during surgery was detected in 12 pa-
tients, mostly with macro-PA. IHC was performed in 24 pa-
tients and showed strong expression of THS in 23 cases;
in one PA case, only isolated THS-expressing cells were de-
tected. In the study by Yamada S. et al [16], when isolated
THS-expressing cells were found in the tumour, protein-
ase K treatment was performed to confirm the diagnosis;
in our study, this treatment was not performed and the di-
agnosis was confirmed by achieving biochemical remission
of the underlying disease. After performing logistic regres-
sion analysis to diagnose preoperative factors affecting
disease remission, we found that each 1-mm increase in PA
size increased the odds of relapse/no remission by a factor
of 1.15, which is consistent with the results of previous stud-
ies [4, 5, 16, 20]. However, we did not obtain statistically sig-
nificant results for the parameter ‘invasion during surgery,
but given the trend of the p-criterion, it is possible to obtain
significant results in a larger group of patients. Parameters
such as TSH, free T4, free T3, IGF-1, visual impairment, sex or
age did not influence the outcome of surgery.

Due to the rarity of the disease and the variety of meth-
ods used to diagnose remission, no clear criteria have been
established for the cure of TSH-PA patients. Criteria for
complete TSH-PA remission include: absence of clinical pic-
ture of thyrotoxicosis and neurological symptoms; absence
of tumour visible on imaging studies; and normalisation
of serum TSH, free T4, and free T3 within 3-6 months after
surgery [9]. In contrast to somatotropin, the exact postop-
erative TSH threshold for determining remission has not
been established. It is known that an undetectable TSH lev-
el (less than 0.01 mU/L) can be a good indicator of radical
TSH-PA removal [4, 7, 19]. Some authors also establish re-
mission by the response to thyrotropin-releasing hormone
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stimulation or triiodothyronine test, which is the most
sensitive and specific test to confirm complete PA remov-
al [19, 29]. Therefore, there is no single standard for postop-
erative remission criteria, and the above factors should be
considered together.

Kim SH et al. evaluated postoperative TSH levels (2, 6,
12, 18, 24 hours postoperatively) to identify patients at risk
of disease recurrence in the early postoperative period.
The authors found that a TSH greater than 0.62 pME/mL
at 12 hours was the best predictor of relapse risk [20]. We
also calculated the cut-off point of postoperative TSH (taken
three days after surgery) in our cohort to identify patients
at risk of relapse. Our analysis showed that patients without
long-term remission had TSH levels higher than 0.391 mIU/L
in the first week after surgery (SP=88.9%, SE=100%), which
may further help clinicians in determining patient manage-
ment strategies and individual follow-up timeframes.

Radiotherapy and/or drug therapy with SAs are alterna-
tive treatments for TSH-PA.When surgery is not possible/suc-
cessful or refused by the patient, they should be considered.

Most thyrotropic cells express varying amounts of SSTRs,
especially SSTR 2 and SSTR 5. Published data indicate that
SAs are effective in about 90-95% of cases and contribute
to tumour shrinkage in 30-50% of patients [1, 30]. SAs are
relatively safe despite their side effects (prevalence 10-30%)
such as cholelithiasis, impaired carbohydrate metabolism
and diarrhoea. Dopamine receptors are also present in thy-
rotropic cells, so dopamine receptor agonists can also be
used in some TSH-PA cases, but with low efficacy; positive
effects are mainly observed in patients with mixed PRL/
TSH-PA secretion [38].

The efficacy of radiotherapy is about 37% [39]. However,
due to the increasing availability of SAs and the risk of hy-
popituitarism, this type of therapy is now used much less
frequently. Nevertheless, radiotherapy is relatively more
common in poorly differentiated Pit-1 lineage tumours and
is also suitable for patients with contraindications to sur-
gery and drugs and for patients with residual tumour tis-
sue [22].

In our study, four patients with relapse/no remission
after primary surgery were treated with long-acting SAs
and all achieved remission, which was attributed to SSTR2
expression by IHC. Of the nine unoperated patients, three
achieved remission with long-acting SAs and a 30% reduc-
tion in PA size was observed. Only two patients underwent
radiotherapy, and in both cases remission was achieved
only after administration of SAs. Neither monotherapy with
dopamine receptor agonists nor the addition of dopamine
receptor agonists to existing therapy led to disease stabi-
lisation. This suggests that the prescription of long-acting
SAs may be effective in the combined treatment of TSH-PA
patients.

The schema for diagnosis and management of TSH-PA
patients may therefore be as follows (Figure 4):

Limitations of this study

Due to the retrospective study design, there are some
limitations to the analysis, including the lack of structured
and consistent follow-up of patients, changes in treatment
methods over time, incomplete data on certain parameters
(e.g.IHC), and loss of patients to follow-up; the unavailability
of some TSH-PA diagnostic methods is another limitation.
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Lack of TSH suppression with sufficient
=/MNTSH+Mree T4 levothyroxine sodium dose in patients with
and/or free T3 primary hypothyroidism

!

- Exclude medications and/or pregnancy
- Exclude subacute thyroiditis
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Repeat measurement of TSH,
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Differentiating from THR
syndrome

!

Family history

- Contrast MRI of the brain
SHBG test

THRB mutations detection

¢ No

Long-acting SAs test
(if necessary)

A

TSH, free T4/
free T3 reduction or
normalisation

Yes

{

TSH-PA confirmation

!

Surgery

- TSH, free T4, free T3 monitoring
2-3 times in the first year post-surgery
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- Long-acting SAs
- Repeated surgery
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Figure 4: The scheme of diagnostics and management of TSH-PA patients

Abbreviations: TSH - thyroid stimulating hormone; free T4 - thyroxine; free T3 - triiodothyronine; THR syndrome - thyroid hormone resistance syndrome;
THRB - Thyroid hormone receptor beta; MRl - Magnetic resonance imaging; SHBG - Sex hormone binding globulin; SAs - Somatostatin analogues.
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CONCLUSION

TSH-PAs are an extremely rare type of PA and a relatively
uncommon cause of thyrotoxicosis; as a result, most remain
undetected until the macroadenoma stage. Early diagno-
sis and differential diagnosis of these tumours is extremely
important because of the frequent mistreatment of TSH-
PA patients. Unfortunately, none of the methods available
in Russia (thyroid hormone levels, brain MRI, SHBG meas-
urement, CTx measurement, octreotide test) is ideal for
confirming the diagnosis of TSH-PA, so they must be used
in combination. The most effective treatment is transna-
sal transsphenoidal adenomectomy (achieving remission
in 86.1% of cases). If surgery is ineffective, contraindicated,
or the patient refuses surgery, SA can be used as second-line
therapy to control the disease (100% remission with com-
bination therapy and 42.9% with monotherapy). Large PA
size and invasion at surgery may generally be associated
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with an unfavourable outcome of surgical treatment. We
also proposed a possible model of postoperative TSH level
(>0.391 mU/L) for predicting TSH-PA recurrence; the model
needs to be validated in a larger group of patients.
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