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Background: Thyroid-stimulating hormone (TSH)-secreting pituitary neuroendocrine tumor (TSH PitNET) is a rare subtype of Pit-
NET. We investigated the comprehensive characteristics and outcomes of TSH PitNET cases from a single medical center. Also, we 
compared diagnostic methods to determine which showed superior sensitivity.
Methods: A total of 17 patients diagnosed with TSH PitNET after surgery between 2002 and 2022 in Samsung Medical Center was 
retrospectively reviewed. Data on comprehensive characteristics and treatment outcomes were collected. The sensitivities of diag-
nostic methods were compared. 
Results: Seven were male (41%), and the median age at diagnosis was 42 years (range, 21 to 65); the median follow-up duration was 
37.4 months. The most common (59%) initial presentation was hyperthyroidism-related symptoms. Hormonal co-secretion was pres-
ent in four (23%) patients. Elevated serum alpha-subunit (α-SU) showed the greatest diagnostic sensitivity (91%), followed by blunted 
response at thyrotropin-releasing hormone (TRH) stimulation (80%) and elevated sex hormone binding globulin (63%). Fourteen 
(82%) patients had macroadenoma, and a specimen of one patient with heavy calcification was negative for TSH. Among 15 patients 
who were followed up for more than 6 months, 10 (67%) achieved hormonal and structural remission within 6 months postoperatively. 
A case of growth hormone (GH)/TSH/prolactin (PRL) co-secreting mixed gangliocytoma-pituitary adenoma (MGPA) was discovered. 
Conclusion: The majority of the TSH PitNET cases was macroadenoma, and 23% showed hormone co-secretion. A rare case of 
GH/TSH/PRL co-secreting MGPA was discovered. Serum α-SU and TRH stimulation tests showed great diagnostic sensitivity. 
Careful consideration is needed in diagnosing TSH PitNET. Achieving remission requires complete tumor resection. In case of non-
remission, radiotherapy or medical therapy can improve the long-term remission rate.
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INTRODUCTION

Thyroid-stimulating hormone (TSH)-secreting pituitary neuro-
endocrine tumor (TSH PitNET) is a rare type of tumor [1-4]. 
TSH PitNET was first described by Jailer in 1960, and its preva-
lence has been reported as 0.5% to 2% of all pituitary adeno-
mas. However, from the introduction of dynamic contrast-en-
hanced magnetic resonance imaging (MRI) and ultrasensitive 
TSH and the improved awareness of clinicians, the incidence in 
recent studies is reported to be as high as 4% [5-9].

Owing to the improved sensitivity of TSH and routine assess-
ment of free thyroxine (FT4) along with TSH, central hyperthy-
roidism is easy to diagnose, with simple thyroid function test 
(TFT) measurement presenting a peculiar pattern showing thyro-
toxicosis and inappropriately nonsuppressed TSH [3,10]. How-
ever, challenges remain in diagnosing TSH PitNET because of 
complicated methods of diagnosis, which require a combination 
of clinical manifestations and hormonal status, image findings, 
and possible differential diagnosis [11,12]. These hurdles can  
result in delayed diagnosis or inaccurate diagnosis, leading to 
faulty treatment such as administration of antithyroid drugs, thy-
roidectomy, or thyroid ablative therapy. Due to the rarity of TSH 
PitNET, even the most recent systematic review contains fewer 
than 600 cases [13].

The purpose of this study was to investigate and report the 
comprehensive characteristics and outcomes of TSH PitNET 
patients from a single medical center. We also discovered a rare 
case of accompanying TSH PitNET. Furthermore, we compared 
several diagnostic methods to determine which showed superior 
sensitivity.

 
METHODS

Patients
We retrospectively reviewed patients diagnosed both hormonal-
ly and pathologically with TSH PitNET after surgery at Sam-
sung Medical Center between 2002 and 2022. All data were re-
viewed using information collected from the electronic medical 
record system. Patients who had insufficient hormonal or patho-
logical information were excluded, and a total of 17 patients fi-
nally were analyzed. This study was approved by the Institu-
tional Review Board of Samsung Medical Center (SMC 2023-

02-074). Informed consent was waived by the board due to a 
retrospective nature of this study.

Hormonal and biochemical evaluation
Basal pituitary hormonal evaluation including adrenocortico-
tropic hormone (ACTH), cortisol, TSH, FT4, triiodothyronine 
(T3), prolactin (PRL), growth hormone (GH), insulin-like 
growth factor 1 (IGF-1), luteinizing hormone (LH), follicle-
stimulating hormone (FSH), estradiol, and testosterone was per-
formed for all subjects before and after surgery. An oral glucose 
tolerance test (OGTT) was performed when preoperative IGF-1 
was above the age-adjusted reference range. Thyroid autoanti-
bodies (thyroid peroxidase antibody, thyroglobulin antibody, 
and TSH receptor antibody) were evaluated in 16 patients. 

Serum alpha-subunit (α-SU) and sex hormone binding globu-
lin (SHBG) were measured, and the thyrotropin-releasing hor-
mone (TRH) stimulation test was performed in some subjects 
preoperatively to verify the diagnosis of TSH PitNET. Blunted 
response to TRH administration was defined as a TSH increase 
less than twice the baseline level or less than 5 IU/L.

Pathologic review
All surgical specimens of TSH PitNET underwent hematoxylin-
eosin stain. There was a case showing extensive intratumoral 
calcification, which processed decalcification. Immunohisto-
chemical (IHC) staining was performed on 4 μm-thick formalin-
fixed paraffin embedded sections using Ventana BenchMark XT 
against antibodies including β-TSH (DAKO, Glostrup, Den-
mark; 1:50), ACTH (DAKO; 1:200), GH (Cell Marque, Rock-
lin, CA, USA; 1:200), PRL (DAKO; 1:2,000), LH (DAKO; 
1:100), and FSH (Cell Marque; 1:2,000). Immunohistochemis-
try for Ki-67 (DAKO; 1:200) was performed using Leica Bond 
III (Leica Biosystems, Heidelberg, Germany). The cytoplasmic 
staining of the pituitary hormones and nuclear staining of Ki-67 
in tumor cells were interpreted as positive by an experienced 
neuropathologist in the same institution. Ki-67 labeling index 
was also accessed in the hot spot. The result of IHC staining on 
a heavily calcified tumor tissue could not be determined because 
the decalcification may affect immunoexpression of pituitary 
hormones. Four cases were initially negative for TSH and reas-
sessed with Ventana BenchMark Ultra (Ventana, Oro Valley, 
AZ, USA) for pituitary hormones. 
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Imaging studies
Sellar MRI, including dynamic study, was conducted for all 
subjects preoperatively and immediately after and within 6 
months after surgery. Tumor size was designated as the maxi-
mal diameter. A tumor <1 cm was defined as microadenoma, 
and a tumor ≥1 cm was defined as macroadenoma. Cases in-
volving suprasellar, infrasellar, cavernous sinus (CS), or other 
brain parenchyma were described as tumors with invasion. 
Some of the subjects underwent thyroid ultrasonography and/or 
thyroid scan to evaluate the volume of thyroid glands and any 
nodularity. 

Criteria for remission 
Remission was defined as resolution of the symptoms of hyper-
thyroidism, normalized TFT profile, and no evidence of residual 
or recurrent tumor on MRI within 6 months postoperatively. 

Statistical analysis
Continuous variables are presented as median (range), and cate-
gorical variables are shown as number (percentage). Statistical 
analyses were performed using IBM SPSS Statistics for Win-
dows version 25.0 (IBM Co., Armonk, NY, USA). Categorical 
variables were compared using a chi-square test or Fisher’s ex-
act test. The Mann-Whitney test was used to compare continu-
ous variables. Correlation analysis was performed to identify 

the association between size of adenoma and α-SU. P<0.05 was 
regarded as statistically significant. 

Data availability
The datasets generated and/or analyzed during this study are 
available from the corresponding author on reasonable request.

RESULTS 

Clinical characteristics
The patients’ baseline characteristics are listed in Table 1. The 
median age at diagnosis of the 17 subjects was 42 years (range, 
21 to 65), and seven (41%) were male. The most common initial 
presentation was hyperthyroidism-related symptoms (59%), and 
the second most common presentation was asymptomatic ab-
normal TFT on routine health examination (17%), followed by 
hypogonadism (12%) and mass effect (12%). Two patients were 
not diagnosed promptly. Among patients who underwent thy-
roid ultrasonography or thyroid scintigraphy, 11 of 13 (85%) 

Table 1. Baseline Clinical Characteristics of Patients with Thy-
roid-Stimulating Hormone-Secreting Pituitary Neuroendocrine 
Tumor

Characteristic Total (n=17)

Age, yr 42 (21–65)

Male sex 7 (41)

Initial presentation

   Hyperthyroidism-related symptoms 10 (59)

   Abnormal thyroid function test 3 (17)

   Hypogonadism 2 (12)

   Mass effect 2 (12)

Thyroid goiter (n=13) 11 (85)

Thyroid nodule (n=9) 8 (89)

Surgery

   Transsphenoidal approach 16 (94)

   Craniotomy 1 (6)

Delayed diagnosis over 1 year 2 (12)

Follow-up duration, mo 37.4 (1.3–215.4)

Values are expressed as median (range) or number (%).

Table 2. Biochemical Characteristics of Patients with Thyroid-
Stimulating Hormone-Secreting Pituitary Neuroendocrine Tu-
mor

Characteristic Total (n=17)

TSH, μIU/mL 5.5 (1.6–13.3) (ref, 0.3–6.0)

FT4, ng/dL 2.7 (1.2–4.9) (ref, 0.79–1.86)

T3, ng/dL 236.5 (92.4–347.1) (ref, 76–190)

Thyroid autoantibodies (n=16)

   TPO Ab or Tg Ab 4 (25)

   TSH receptor Ab 1 (6)

Diagnostic tests

   Increased α-SU (n=11) 10 (91)

   Increased SHBG (n=8) 5 (63)

    Blunted TRH stimulation test  
   (n=15)

12 (80)

Preoperativeoctreotide administration

   Reaching euthyroid state 4 (80)

Hormonal co-secretion

   TSH only 13 (77)

   TSH/GH 3 (18)

   TSH/GH/PRL 1 (5)

Values are expressed as median (range) or number (%).
TSH, thyroid-stimulating hormone; FT4, free thyroxine; T3, triiodothy-
ronine; TPO Ab, thyroid peroxidase antibody; Tg Ab, thyroglobulin anti-
body; α-SU, alpha-subunit; SHBG, sex hormone binding globulin; TRH, 
thyrotropin-releasing hormone; GH, growth hormone; PRL, prolactin.
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had goiter and eight of nine (89%) had thyroid nodules, respec-
tively. One patient presented coexisting Graves’ disease and 
TSH PitNET. Sixteen (94%) patients underwent endoscopic 
transsphenoidal approach; tumor removal via craniotomy was 
necessary in one patient because of the huge size of the mass. 

Biochemical characteristics
The median initial TSH, FT4, and T3 were 5.46 μIU/mL (range, 
1.64 to 13.31), 2.74 ng/dL (range, 1.16 to 4.85), and 236.5 ng/dL 
(range, 92.4 to 347.1), respectively (Table 2). Four (25%) pa-
tients exhibited positive thyroid peroxidase antibody or thyro-
globulin antibody, and the one patient with concomitant Graves’ 
disease and TSH PitNET was positive for TSH receptor antibody. 
Evidence of hormonal co-secretion was present in four (23%) 
patients, one of whom showed triple co-secretion of TSH, GH, 
and PRL. The other three patients exhibited secretion of TSH and 
GH. A brief course of short-acting somatostatin analogue (SSA) 
was administered to five patients, and four (80%) achieved eu-
thyroidism before surgery.

Radiologic and pathologic characteristics
The median size of TSH PitNET was 2.3 cm (range, 0.8 to 5.7). 
Among the 17 cases, 14 (82%) were macroadenomas and three 
(18%) were microadenomas. The median size of GH/TSH co-
secreting PitNET was greater than that of single-secreting TSH 
PitNET (2.6 cm vs. 1.5 cm, P=0.073). The percentage of mac-
roadenoma tended to be higher among GH/TSH co-secreting 
PitNET cases than in single-secreting TSH PitNET cases (100% 
vs. 77%, P=0.582), but the difference was not statistically sig-
nificant (Supplemental Table S1). 

A total of 13 (76%) patients showed invasion on sellar MRI 
imaging, and the most common pattern was suprasellar exten-
sion of tumor as observed in nine (9/13, 70%) patients. In a case 
with a 7.1 cm, large mass, the tumor extended to the parenchy-
ma of the right frontal lobe (Table 3). Regarding IHC staining, 
five patients showed immuno-negativity on TSH at first assess-
ment. Repeated IHC staining with another instrument revealed 
that four of five TSH-negative specimens were TSH-positive. 
Ultimately, 16 patients (94%) were positive for TSH on IHC 
staining; one surgical specimen harboring heavy calcification in 
almost the entire mass was negative for TSH. 

Diagnostic tests
Serum α-SU, TRH stimulation test, and SHBG were tested at 
varying frequencies in patients with TSH PitNET. Ten of 17 
(59%) patients underwent α-SU test, eight (47%) underwent 

SHBG, and TRH stimulation test was conducted in 15 patients 
(88%). The results of the diagnostic tests showed elevated α-SU 
in 91% of cases (10/11) and increased SHBG in 63% (5/8). Fol-
lowing TRH stimulation, 12 of 15 (80%) patients showed a 
blunted response. α-SU testing showed the greatest sensitivity 
among the diagnostic tools (Table 2).

We then performed correlation analyses to evaluation whether 
α-SU is affected by tumor size and compared the responsiveness 
in TRH stimulation test. Serum α-SU was positively correlated 
with increasing tumor size (rho=0.711, P=0.014 [Spearman]). 
Patients who showed blunted response at TRH stimulation tend 
to have a larger tumor size compared with the tumor size of 
those with normal responsiveness (2.2 cm vs. 1.1 cm, P=0.420). 
Among the patients with blunted TRH response, 83% had mac-
roadenomas, whereas 67% of those who had normal TRH re-
sponse were macroadenomas (P=1.000) (Supplemental Table 
S2).

Treatment outcomes
Immediate postoperative sellar MRI revealed residual tumors in 
four (24%) patients. Among 14 patients who were followed for 
more than 6 months, 10 (71%) achieved hormonal and structur-
al remission within 6 months postoperatively. Two of the four 
remaining patients did not only show a biochemically hyperthy-
roid state, but also had residual tumor mass on MRI. 

Table 3. Pathologic and Radiologic Characteristics and Out-
come of Patients with Thyroid-Stimulating Hormone-Secreting 
Pituitary Neuroendocrine Tumor

Characteristic Total (n=17)

Size, cm 2.3 (0.8–5.7)

Macroadenoma 14 (82)

Invasion 13 (76)

   Suprasella 9 

   Infrasella 3 

   Cavernous sinus 7 

   Brain parenchyme 1 

TSH IHC stain

   Positive 16 (94)

   Negative 1 (6)

Residual tumor 4 (24)

Remission (n=15) 10 (67)

Values are expressed as median (range) or number (%).
TSH, thyroid-stimulating hormone; IHC, immunohistochemical.
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A case of GH/TSH/PRL co-secreting mixed gangliocytoma-
pituitary adenoma
A 21-year-old male with right visual impairment underwent brain 
computed tomography after head contusion. A 7-cm-sized sellar 
mass was detected, and he was referred to the department of neu-
rosurgery. Sellar MRI revealed a 7.1 cm mass invading both the 
CS and suprasellar area extending toward the right frontal lobe  
of the cerebrum (Fig. 1). At initial pituitary hormonal screening, 
T3 and FT4 were elevated at 347 and 4.85 ng/dL, respectively, 
and TSH was 6.26 μIU/mL. IGF-1 was 1,137 ng/mL, and 75 g 
OGTT showed a nadir GH of 9.19 ng/mL. PRL level was 1,429 
ng/mL, and ACTH, LH, and FSH were within normal range. Se-
rum α-SU was elevated to 10.90 IU/L, and SHBG was within  
the normal range at 41.5 nmol/L. TRH stimulation test showed a 
blunted response. The patient underwent tumor removal through 
craniotomy, and the pathologic diagnosis revealed mixed gangli-
ocytoma-pituitary adenoma (MGPA). Hyper-secreted hormones 
were all normalized postoperatively; however, remnant tumor 
was detected on sellar MRI. Adjuvant gamma-knife surgery was 
planned. 

DISCUSSION

In the present study, we reviewed 20 years of data of patients 
with TSH PitNET from a single medical center, including clini-
cal, biochemical, radiological, and pathological characteristics 
and treatment outcomes. As for the baseline characteristics, the 
majority (82%) of cases was macroadenoma, and invasion or ex-

tension was found in more than half of the patients on sellar 
MRI, where suprasellar extension was the most common pattern 
(53%). These findings were generally consistent with those of 
previous studies [9,13]. Additionally, 23% of tumors showed plu-
rihormonal secretion, especially TSH with GH, which is slightly 
less frequent than in previous studies [9,13]. The most common 
presentation leading to diagnosis of TSH PitNET was hyperthy-
roidism-related symptoms such as palpitation or dyspnea (59%). 
Regarding surgical outcome, 71% of patients achieved hormonal 
and structural remission within 6 months postoperatively, consis-
tent with previous findings [8,14-16]. We further evaluated the 
sensitivities of diagnostic methods of TSH PitNET. Elevated se-
rum α-SU showed the greatest sensitivity (91%), followed by 
blunted response at TRH stimulation (80%) and elevated SHBG 
(63%). These results verified the robustness of α-SU and TRH 
stimulation test in diagnosing TSH PitNET. 

In this study, we focused on clinically functioning TSH Pit-
NET; however, the cohorts of previous studies on TSH PitNET 
are heterogeneous; Wang et al. [17] addressed IHC-positive and 
clinically non-functioning TSH PitNET, Yu et al. [18] covered 
GH-TSH co-secreting pituitary adenomas, and Azzalin et al. 
[16] included both active and silent cases. Similarly, not all stud-
ies used the same diagnostic tools. Azzalin et al. [16] used α-SU/
TSH molar ratio, while Nazato and Abucham [19] conducted 
sequencing of thyroid hormone receptor (THR)-β gene. Kim et 
al. [20] conducted the T3 suppression test in some cases for di-
agnosis, but we used α-SU, SHBG, and TRH stimulation. 

Remission rate has been reported heterogeneously in previous 
studies. Kim et al. [20] reported the remission rate as 84%, and 
similarly Yamada et al. [8] reported as 84.4%. In a study by Byun 
et al. [21], the remission rate was reported as 93%, but it’s worth 
noting that only postoperative achievement of a euthyroid state 
was considered in defining remission. On the other hand, simi-
larly to our study, Azzalin et al. [16] reported 66%, and Cossu et 
al. [9] reported pooled remission rate as 66% and 76% after adju-
vant radiotherapy and medical therapy respectively, in their sys-
tematic review and meta-analysis on TSH PitNET. Relatively re-
cent studies have shown greater remission rate, and this may be 
attributed to early detection and treatment which consequently 
allow lower prevalence of macroadenoma and tumor invasion 
[9]. Six-month remission rate from our study was 67%, which is 
lesser than expectation. Patients with short follow-up duration 
were excluded, while a case of large MGPA was included in 
evaluating the remission rate, and additionally, the proportion of 
remnant tumors in postoperative MRI, significantly associated 
with remission (P=0.004), was high in our cohort. Furthermore, 

Fig. 1. Coronal T1-weighted pituitary magnetic resonance imaging 
of a 21-year-old man with growth hormone/thyroid-stimulating 
hormone/prolactin co-secreting mixed gangliocytoma-pituitary ad-
enoma. 
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subsequent treatment was not uniformly performed in cases 
where a remnant tumor was present in our study. However, in 
non-remission cases, adjuvant treatment with radiotherapy or 
medical treatment with SSA or dopamine agonist is known to 
improve the long-term remission rate [9]. Hence, improving 
complete resection rate and prompt adjuvant therapies, if indi-
cated, could potentially lead to a better remission rate.

Since diagnosis of TSH PitNET is challenging, physicians 
have to conduct a series of pertinent diagnostic tests, particular-
ly in cases of suspected microadenoma. Previous guidelines and 
publications recommend repeat TFT testing when FT4 and T3 
are high with measurable TSH to exclude assay interference and 
examination of thyroid autoantibodies [11,22-25]. After elimi-
nating the confounders, several diagnostic methods to verify 
hyperthyroid state and centrality and to rule out resistance to 
thyroid hormone (RTH) should be conducted. The common 
biochemical finding of TSH PitNET is elevated serum level of 
α-SU, which has been observed in approximately 30% to 70% 
of cases [11,12]. In the 1990s, elevated α-SU was considered a 
highly specific marker of TSH PitNET; however, the robustness 
of α-SU has been undermined recently [2]. Serum α-SU has 
been observed within the normal range in some microadenoma 
cases [26,27], and better and earlier detection of TSH PitNET 
resulted in increased prevalence of microadenoma and conse-
quently decreased sensitivity of α-SU in diagnosing TSH Pit-
NET [2]. In our study, α-SU level was positively correlated with 
tumor size. Of note, the observed sensitivity of α-SU in our 
study was high, at 91% (10/11), which is greater than previous 
data, reflecting the large proportion of macroadenoma (82%) in 
our study cohort. Serum α-SU of all macroadenoma patients 
was elevated, and only one patient with a 0.8-cm microadenoma 
showed a normal α-SU level. This result supports the finding 
that elevated α-SU exhibits great sensitivity, especially in mac-
roadenoma. 

The diagnostic sensitivity of blunted response in the TRH 
stimulation test (80%, 12/15) was second to that of elevated 
α-SU, and it was consistent with previous reports [12]. Among 
three patients who showed a normal TRH response, two exhib-
ited elevated serum α-SU level and one with a 0.8-cm microad-
enoma showed a normal range of serum α-SU. In previous pub-
lications, the sensitivity of TRH stimulation test was described 
as being superior to that of α-SU [1,11,12,23,26,28,29]. Only 
nine patients underwent both TRH stimulation test and serum 
α-SU. Thus, direct comparison of diagnostic sensitivity between 
those two methods in this study lacks statistical power. 

To successfully discriminate microadenoma from RTH, the 

use of markers that reflect tissue hyperthyroidism as SHBG or 
carboxy-terminal cross-linked telopeptide of type-I collagen 
(ITCP) adjuvant to α-SU or TRH stimulation test may be bene-
ficial. ITCP, a bone resorption marker, is elevated when bone is 
over-exposed to thyroid hormone [30,31], and increased SHBG 
level represents stimulated hepatic production because of hyper-
thyroidism [32-34]. RTH, the foremost condition to be differen-
tiated from TSH PitNET, barely undergoes tissue hyperthyroid-
ism owing to the resistance of thyroid hormone receptors, so 
SHBG and/or ICTP are effective markers to distinguish TSH 
PitNET from RTH [24]. Tjornstrand and Nystrom [12] proposed 
that SHBG and/or ITCP be measured preferentially. In contrast, 
some publications did not prioritize SHBG and/or ITCP over 
other biochemical markers [11,24,35]. The results of our study 
revealed a sensitivity of 63% (5/8), which is inferior to that of 
other methods. Moreover, SHBG may be not elevated in GH/
TSH co-secreting PitNET because GH lowers serum SHBG 
level [36,37]. Of note, an MGPA patient with co-secretion of 
GH/TSH/PRL showed a substantially elevated FT4 of 4.85 ng/
dL and α-SU of 10.9 IU/L, but SHBG was within the normal 
range at 41.5 nmol/L. Considering that GH is the most com-
monly co-secreted hormone in TSH PitNET [9], along with the 
relatively low sensitivity of SHBG in our study, SHBG may not 
be appropriate as the first diagnostic step. 

Nonetheless, SHBG may be important in microadenoma, in 
which the role of diagnostic methods dependent on tumor vol-
ume can be weakened. SHBG level was elevated in both pa-
tients with microadenoma who underwent SHBG test. In a pa-
tient with microadenoma who showed non-elevated α-SU and 
responsiveness in TRH stimulation test, elevated SHBG was the 
only biochemical clue of TSH PitNET. Hence, when TSH Pit-
NET is suspected after excluding confounders, evaluation of 
biochemical evidence should be initiated with serum α-SU, and 
TRH stimulation test may be performed if necessary. In cases of 
microadenoma where serum α-SU and TRH stimulation tests 
are both inconclusive, and especially when the tumor is single-
secreting, the SHBG test may be helpful. The T3 suppression 
test is regarded as the most useful method of diagnosing TSH 
PitNET, showing almost 100% sensitivity. However, the T3 
suppression test is rarely conducted because it takes 10 days to 
complete and is contraindicated in elderly patients and patients 
with pulmonary, cardiovascular, or psychiatric disease due to 
heavy loading of liothyronine [12]. As the detection rate of mi-
croadenoma increases, revision of stepwise diagnostic tests is 
necessary.

Surgical specimens of five patients initially were negative in 
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TSH IHC staining. Repeated staining with another instrument 
revealed positive TSH results in four of five patients, except one 
patient whose specimen exhibited extensive calcification, hin-
dering adequate staining. Notably, TSH immuno-negativity has 
been reported in few previous articles. Yamada et al. [8] re-
viewed 90 cases of TSH PitNET from a single-center, and three 
were TSH immuno-negative. Subsequent pretreatment with 
proteinase K revealed positive immunostaining. The proteinase 
K method is used to break down the protein cross-links that in-
hibit antibody from binding to tissue antigen, reducing false-
negative cases [17,38]. Yu et al. [18] examined 65 cases of GH/
TSH PitNET, and 23 were negative for TSH immunostaining. 
The authors suggested several possible mechanisms of the phe-
nomenon: immature and not fully differentiated progenitor cells 
may be difficult to stain; abnormal biological structure and/or 
behavior including synthesis, storage, and secretion can result in 
immuno-negativity; and tissue fibrosis of tumor may prevent 
antigen-antibody binding when staining. The heavily calcified 
specimen of a patient in our study failed to be stained for all im-
munostaining markers and even Ki-67. This case supports that 
tissue deformation may interrupt the process of immunostain-
ing. Diagnosis of TSH PitNET is attainable as long as MRI im-
aging and several biochemical tests are confirmative, even 
though IHC is negative for TSH. Nevertheless, when clinically, 
biochemically, and radiologically evident TSH PitNET is nega-
tive on TSH IHC, repeat IHC staining with a more sensitive 
method, e.g., including pretreatment with proteinase K, can be 
considered. In addition, staining for the Pit-1 transcription factor 
can resolve the discordance between the biochemical activity of 
TSH PitNET and immuno-negativity [39]. 

A 7.1-cm–sized mass invading extensively and secreting GH, 
TSH, and PRL simultaneously was identified as MGPA through 
pathologic confirmation. The tumor was resected via cranioto-
my due to its large volume, and immediate postoperative MRI 
revealed remnant tumor. MGPA is an extremely rare tumor 
composed of adenohypophyseal and ganglion cell proliferation 
[40,41], with only about 150 cases reported so far [42]. There is 
no specific method to discriminate MGPA from PitNET on MRI 
[43], and diagnosis relies on pathological findings. Approxi-
mately 75% of MGPA is secretory [44], and the most common 
form is GH hypersecretion, followed by PRL and ACTH [45]. 
Some MGPAs produced paired hypothalamic and pituitary hor-
mones, e.g., GH/growth hormone-releasing hormone (GHRH) 
or TSH/TRH, while some cases secreted two different pituitary 
hormones [42,46,47]. Notably, the MGPA case of the current 
study secreted all Pit-1-originated pituitary hormones of GH, 

TSH, and PRL; to our knowledge, this is the first study to report 
a triple co-secreting MGPA. The prognosis of MGPA is not well 
established due to lack of experience [42], and the responsive-
ness to adjuvant therapy or recurrence rate is not clear. More 
cases of this rare disease entity need to be accumulated for fur-
ther understanding of disease behavior and for drawing a con-
sensus for patient management.

There are several limitations in this study. The major limita-
tion is the small number of subjects, which results in low statis-
tical power. Second, since the study was conducted retrospec-
tively, few diagnostic tests were examined and not uniformly 
among patients. ITCP, T3 suppression test, α-SU increment af-
ter TRH stimulation, or classic octreotide suppression test were 
not performed in our institution. Third, the cohort mostly 
showed macroadenoma, and the diagnostic performances of 
α-SU, TRH stimulation test, and SHBG were not generalizable 
reliably to microadenoma. Nevertheless, this study not only of-
fers insights from a of 20-year experience of TSH PitNET pa-
tients at a single medical center but also complements the data 
from hundreds of previous cases. Additionally, this study also 
reports an extremely rare case of GH/TSH/PRL co-secreting 
MGPA. We also compared the sensitivities of commonly used 
diagnostic tests in TSH PitNET and evaluated whether the sen-
sitivities varied according to tumor size. We found that TSH im-
munostaining of TSH PitNET is sometimes falsely negative de-
pending on the intrinsic property of tissue or staining method. 
Reexamination with a more sensitive method or staining for the 
Pit-1 transcription factor can resolve the contradictory results 
between biochemical activity and negative immunostaining in 
TSH PitNET. 

In conclusion, the prevalence of TSH PitNET has increased 
because of the development of accurate laboratory testing and 
MRI imaging. For diagnosis of macroadenoma, α-SU and TRH 
stimulation test exhibited considerable sensitivity, whereas an 
adjuvant method may be needed in diagnosing microadenoma. 
TSH immuno-negativity is rare, and a more sensitive staining 
method or transcription factor staining can resolve discordance. 
A rare case of GH/TSH/PRL co-secreting MGPA was discov-
ered. Delayed diagnosis or misdiagnosis of TSH PitNET can re-
sult in tumor aggravation and related consequences. A detailed 
diagnostic method is necessary for TSH PitNET, particularly 
microadenoma. Complete resection of the tumor is crucial for 
remission, and postoperative radiotherapy or medical therapy 
with SSA or dopamine receptor agonist can improve the long-
term remission rate.
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