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Abstract

Background: Pituitary metastasis (PM) from differentiated thyroid 
cancer (DTC) is extremely rare and may adversely affect outcomes. 
We aimed to assess the characteristics and outcomes of patients with 
PM from DTC.

Methods: We systematically reviewed the literature on publications 
on PM and the different DTC histologic types (papillary, follicular, 
and Hurthle cell cancers). Three databases (PubMed, Embase, and 
Scopus) were searched for articles published from 1967 to 2022. Sur-
vival time was estimated as the period from the first treatment of PM 
to the time of death or last follow-up.

Results: Twenty-five articles comprising 27 cases that met the eligibil-
ity criteria were identified using the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA). The median age of the 
patients was 60 years (23 - 86). A preponderance of females (66.7%) 
with PM most commonly reported papillary thyroid cancer (55.6%). 
This was followed by follicular thyroid cancer (37.0%) and Hurthle cell 
cancer (7.4%). The most common presentations were headache, nau-
sea, and vomiting, with visual symptoms in 44.4%. Diabetes insipidus 
was an infrequent finding (7.4%). The median time from diagnosis or 
first treatment of DTC to the diagnosis of PM was 3 years (0 - 25). The 
most common endocrine abnormality was hyperprolactinemia (63.2%), 
while the most frequently deficient hormone was luteinizing hormone 
(50%). The most common treatment modality for PM was a combina-
tion of radiotherapy and surgery with or without radio-iodine. At the 
end of the follow-up, 30% of the patients died. Only 33.3% of the pa-
tients achieved complete resolution of symptoms. The overall median 
survival time was 12 months (3 - 108). There was a moderate inverse 
correlation between the age of patients and survival, which was, how-
ever, not statistically significant (rs = -0.45, P = 0.103).

Conclusion: PM from DTC is extremely rare, and Hurtle cell cancer 

appears to be the least associated with PM. Diabetes insipidus is a rare 
initial manifestation of PM from DTC. Complete resolution of symp-
toms is less likely to be achieved in PM from DTC. Older age may 
confer an increased survival tendency, probably due to more intracra-
nial space volume in older people compared to the younger population. 
Larger studies are needed to examine the relationship between age and 
survival in PM from DTC. Also, more observational data are required 
to determine the predictors of survival and compare the efficacy of the 
different treatment modalities in patients with PM from DTC.

Keywords: Pituitary metastasis; Differentiated thyroid cancer; Pap-
illary thyroid cancer; Follicular thyroid cancer; Hurthle cell thyroid 
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Introduction

The pituitary gland is a rare site for metastases, and many report-
ed cases arise from cancer of the breast and lung [1, 2]. The cur-
rent understanding of pituitary metastasis (PM) characteristics 
and behaviors is restricted predominantly to case reports and a 
few cross-sectional studies. PM may be discovered incidentally, 
usually in patients with a history of cancer, or may present with 
symptoms of hormonal deficiencies, mass effects, and diabetes 
insipidus (DI) [1-4]. Some studies have identified DI as frequent 
in PM, especially with primary lung or breast cancer [1, 2].

PM from differentiated thyroid cancer (DTC) is extremely 
uncommon and represents a rare site for metastases [5-8]. Less 
than 30 cases have been reported in the literature [9, 10]. Some 
reports have indicated differences in PM manifestations in the 
DTC setting compared to non-thyroid cancers. For example, 
Barbaro et al [9] and Ilerhunmwuwa et al [10] suggested that 
DI was an infrequent finding in PM from DTC.

DTC constitutes more than 90% of all thyroid cancers and 
carries the best prognosis with a 10-year survival rate of at 
least 90% [11, 12]. However, outcomes may be adversely af-
fected by the presence of metastases in DTC. There are limited 
data on the characteristics and outcomes of patients with PM 
from DTC. An understanding of the behavior of DTC in the 
PM setting is relevant in guiding clinical decision-making and 
management of these patients. We aimed to systematically re-
view the literature for studies on PM from DTC and synthesize 
the available data on the characteristics, presentations, treat-
ment modalities, and survival outcomes.
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Materials and Methods

Search strategy

The Preferred Reporting Item for Systematic Review and 
Meta-Analysis (PRISMA) guidelines were followed in this 
systematic review [13]. Three electronic databases (PubMed, 
Embase, and Scopus) were comprehensively searched for arti-
cles on DTC and PM published until August 2022. The search 
was done using the following subject headings: papillary thy-
roid cancer, follicular thyroid cancer, Hurthle cell thyroid can-
cer, differentiated thyroid cancer, and pituitary metastasis. No 
specific search filters were applied. References were uploaded 
to Zotero v5.0.81 (Zotero.org). This reference manager auto-
matically identified duplicate articles, which were removed. 
The remaining list of references was manually and carefully 
checked by two authors (NPI and JC) to ensure that all dupli-
cate articles had been removed.

Study selection

The inclusion criteria for eligible studies were: confirmed 
diagnosis of DTC and PM, human subjects, and extractable 
data. The exclusion criteria included: 1) undifferentiated thy-
roid cancers; 2) medullary thyroid cancers; 3) co-existing pri-
mary cancers; 4) other cancers with metastases to the pituitary 
gland; 5) articles in any other language apart from English; 6) 
animal subjects; 7) non-extractable data; and 8) post-mortem 
diagnosis of PM and/or DTC.

Two authors (NPI and JC) independently selected eligible 
articles based on the inclusion and exclusion criteria. This was 
done in two stages: firstly, the titles and abstracts of the articles 
were screened for relevance. After that, the full texts of the 
relevant articles were examined to determine those that met 
the inclusion criteria. Articles that did not meet these criteria 
were excluded. Disagreements between the two authors in this 
process were resolved by a third author (IU).

Data extraction

The following data were extracted from each article: first au-
thor and year of publication, country, number of cases, study 
design, gender, age (years), histology of DTC, location of 
PM in relation to sella turcica, clinical presentations, cranial 
nerve involvement, prolactin levels, deficient anterior pituitary 
hormone(s), the time interval between diagnosis of DTC and 
development of PM, treatment modalities, and survival time. 
Survival time was defined as the period from the first treat-
ment of PM to the time of death or last follow-up.

Quality assessment

The quality of each eligible 25 articles was assessed by two 
authors (LG and ZZ) using the tool and approach suggested 

by Murad et al [14]. Each domain was assigned 0 or 1 point. 
For domains with sub-groups, their assigned weight score (1) 
was divided by the number of sub-groups. A zero point was 
assigned to an item if the answer was negative. Three items 
in the causality domain (questions of other alternative causes 
that may explain the observation ruled out, challenge/rechal-
lenge phenomenon, and presence of dose-response effect) 
were excluded due to irrelevance to our study (Supplemen-
tary Material 1, www.wjon.org). Based on this, the follow-
ing grading system was used to determine the quality of each 
article: 0 - 2 (low quality), 3 (average quality), and 4 (good 
quality). Disagreements in judgment were resolved by a third 
author (LI).

Statistical analyses

All statistical analyses were conducted using Microsoft Excel 
(Professional Plus 2016, USA). Patient-level data were ex-
tracted from the studies, and all analyses were based on avail-
able cases. All variables were converted to a uniform scale 
of measurement. Categorical variables were presented with 
frequency and percentages, while continuous variables were 
presented with median and ranges. A Spearman rank-sum cor-
relation was used to assess the relationship between the age of 
patients and survival time following PM treatment. Statistical 
significance was determined at P < 0.05.

Results

Literature search results

The literature review was conducted according to the PRISM 
guidelines, and our search produced 377 articles (Fig. 1). Du-
plicate publications were removed, leaving a total of 161 ar-
ticles. Screening the articles by title-abstract resulted in 37 of 
them being for full-text review. A final total of 25 articles were 
obtained after meeting the outlined criteria for inclusion.

Quality assessment results

The results of the quality assessment of the eligible studies 
are shown in Supplementary Material 2 (www.wjon.org) [5, 
9, 10, 15-36]. Twenty studies had moderate quality, while the 
remaining five were rated low.

Study overview

Twenty-five articles comprising 27 patients (Table 1) published 
from 1967 to 2022 were included in this systematic review [5, 
9, 10, 15-36]. Of these, seven studies each were from North 
America (five from the United States and two from Canada), 
Asia and Europe, one each from South America and Australia, 
and two from the Middle East. Regarding the study designs, 23 
were case reports, while two were case series.
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Baseline clinical and pathologic characteristics of study 
participants

Table 2 shows the baseline clinical characteristics of the study 
participants. The median age of the patients was 60 years (23 - 
86). The proportion of females was 66.7% (n = 18) compared 
to males, which was 33.3% (n = 9). PM was most commonly 
reported with papillary thyroid cancer (PTC, 55.6%), followed 
by follicular thyroid cancer (37.0%), while Hurthle cell can-
cer (HCC) was least associated with it (7.4%). Figure 2 shows 
the various forms of presentation of PM in DTC. The most 
common initial presentations were visual symptoms with mass 
effects (headache, nausea/vomiting, or seizures) in 44.4% (n 
= 12) of cases [5, 10, 17, 18, 21, 25, 26, 29, 30, 32-34]. DI 
was the initial presenting feature in 7.4% of cases (n = 2), 
while apoplexy occurred only in 3.7% of patients (n = 1). Non-
specific symptoms (loss of appetite, nausea, vomiting, weight 
loss, fatigue, and dizziness) occurred in 7.4% of cases. The PM 

was an incidental finding in 7.4% of cases. The most common 
cranial nerve palsy involved was the oculomotor nerve in 75% 
of patients (n = 6).

Sixteen studies [5, 9, 10, 18-20, 22-25, 29, 30, 33-36] re-
ported other deficient hormones: luteinizing hormone (LH) 
was the most frequently deficient hormone in 50% (n = 8) of 
cases while growth hormone deficiency was the least common, 
occurring in 12.5% (n = 2) of the patients. Serum prolactin 
was elevated in 63.2% (n = 12) of cases [5, 9, 10, 18, 20, 21, 
23, 27, 30, 31, 33, 34]. The PMs were extra-sellar lesions or 
extensions in 88.4% of cases (n = 23). The median time from 
diagnosis or first treatment of DTC to the diagnosis of PM was 
3 years (0 - 25).

Intervention and outcomes

The treatment modalities for PM are shown in Table 3 [5, 9, 10, 
15-36]. The overall median survival (follow-up) time was 12 

Figure 1. Flowchart of the systematic review.
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months (3 - 108) from 18 studies (n = 20) which reported the 
survival (follow-up) time [5, 9, 10, 15, 18, 20, 23-29, 31-35]. 
At the end of the follow-up, 70% (n = 14) of the patients were 
still alive [5, 9, 10, 15, 24-28, 31-33, 35], while 30% of them 
(n = 6) were deceased [18, 19, 23, 24, 29, 34]. Eleven studies 
[5, 9, 10, 15, 17-19, 24, 26, 28, 30] reported the clinical status 
of the symptoms of the patients at the end of the follow-up; 
only 33.3% (n = 4) achieved complete resolution from symp-
toms while 66.7% (n = 8) still had some residual symptoms. 
As shown in Supplementary Material 3 (www.wjon.org), there 
was a moderate inverse correlation between the age of patients 
and survival, which was, however, not statistically significant 
(rs = -0.44806, P = 0.103).

Discussion

Our review’s findings indicated that PM from DTC is extreme-
ly rare. We found that the most common DTC associated with 
PM was PTC, and the least was HCC. The most frequent pres-

entation was visual symptoms with mass effects. DI was an un-
common manifestation in PM from DTC. The most common 
hormone abnormality was hyperprolactinemia, and the most 
frequent anterior pituitary hormone deficiency was LH defi-
ciency. We also found that PM adversely affected outcomes 
in DTC.

PMs from DTC are very rare; our search yielded 27 cases. 
This is consistent with several studies which examine meta-
static sites of DTC. In a multicenter study that systematically 
reviewed 492 cases of DTC, the authors identified 25 rare met-
astatic sites, but none were in the pituitary gland [37]. Another 
retrospective cohort study examined 240 patients with DTC; 
15 patients had evidence of metastases to rare sites, with two 
cases involving the sella turcica, but none identified in the pi-
tuitary gland [38].

Another review of unusual metastases from DTC identi-
fied only 10 cases of PM [39]. Barbaro et al [9] reported 19 
cases of PM from DTC in their literature review. A retrospec-
tive study over 10 years in a large European pituitary center 
identified 18 cases of PM from non-thyroid primaries [1].

Table 2.  Baseline Clinical and Pathologic Characteristics of Study Participants

Variable N = 27
Age, years 60 (range 23 - 86)
Sex
  Female 18 (66.7%)
  Male 9 (33.3%)
Histology of pituitary metastases from thyroid cancer
  PTC 15 (55.6%)
  FTC 10 (37.0%)
  HCC 2 (7.4%)
Cranial nerve involvement (n = 8)
  CN IIIa 6 (75%)
  CN IVa 4 (25%)
PRL (n = 19)
  Elevated 12 (63.2%)
  Normal 7 (36.8%)
Deficient hormones (n = 16)
  TSH 7 (43.8%)
  LH 8 (50%)
  FSH 6 (37.5%)
  ACTH 5 (31.3%)
  GH 2 (12.5%)
Location of pituitary metastases
  Intrasellar 3 (11.1%)
  Extra-/supra-sellar 23 (88.4%)
Time to pituitary metastases, years 3 (0 - 25)

aCN III and IV occurred in isolation in three and one cases, respectively, both in combination in four cases. PTC: papillary thyroid cancer; FTC: 
follicular thyroid cancer; HCC: Hurthle cell cancer; DI: diabetes insipidus; LH: luteinizing hormone; FSH: follicle-stimulating hormone; TSH: thyroid-
stimulating hormone; ACTH: adrenocorticotropic hormone; PRL: prolactin; GH: growth hormone.
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The median age for diagnosis of PM from DTC in our 
study is similar but slightly less than that reported in PM from 
non-thyroid cancers [1, 2]. Our study had a female preponder-
ance identical to the sex distribution in patients with PM from 
non-thyroid cancers [1, 2]. PTC was the most common type of 
DTC associated with PM in our study; PTC is the main con-
tributor to the rising incidence of thyroid cancers globally [40]. 
It is interesting to note that HCC, which has been reported to 
have the highest incidence of metastases among DTC, was 
least frequently described with PM in our review [41].

Most PM lesions in our review were extra/parasellar, and 
DI was an uncommon finding (7.4 %). This is in contrast to 
results from previous studies of non-thyroid cancers where 
the frequency of DI was significant (ranging from 17% to 
70%) and was reported as an endocrine hallmark of PM from 
non-thyroid cancers [1, 2, 30]. It has been postulated that be-
cause PMs from thyroid cancers tend to be extra-sellar le-
sions instead of intrasellar (which primarily affects pituitary 
tissue and interrupts the pituitary stalk), they present with 
features of mass effects than endocrine manifestations result-
ing from disruption of the pituitary stalk [30]. However, as 
reported by Lithgow et al [1], most of the PMs (about 94%) 
from the non-thyroid cancers they examined were supra-sell-
ar in location. Hence, why DI is uncommon in PM from DTC 
remains unclear.

Hyperprolactinemia was the most common endocrine 
abnormality, which agrees with previous reports on PM from 
non-thyroid cancers [2]. The most deficient hormones in our 
review were gonadotrophins, followed by adrenocorticotropic 
hormone (ACTH) and thyroid-stimulating hormone (TSH), 
which is consistent with findings in PM from non-thyroid can-
cers [1, 2]. It is unclear why gonadotrophins are the most defi-

cient anterior pituitary hormones in PM from both thyroid and 
non-thyroid cancers.

Treatment modalities for PM included radiotherapy, sur-
gery, chemotherapy, and radio-iodine in our study. The lack of 
randomized controlled trials poses a challenge in establishing 
guidelines for managing these patients. However, as reported 
in the literature, management should be individualized, multi-
disciplinary, and aimed at ameliorating presenting symptoms 
[1, 2].

DTC has an excellent prognosis with a 10-year survival 
above 90% [11, 12]. However, the presence of PM in DTC 
may adversely affect survival, as shown in our review, where 
we found a median duration of 12 months. Nevertheless, this 
appears slightly better than the survival in non-thyroid cancers 
[1, 2]. We found that complete resolution of symptoms was 
less likely to be achieved regardless of the high survival in 
these patients, contributing to increased morbidity. We found 
an inverse correlation (though not statistically significant) be-
tween age and survival in patients with PM from DTC. This is 
probably due to more intracranial space volume with advanc-
ing age than the younger population. More observational stud-
ies are needed to examine this relationship.

Our study is the first systematic review and the largest 
study that examines the characteristics and outcomes of PM 
in patients with DTC. However, limitations include the small 
sample size of the study attributed to the rarity of PM in DTC 
and restricting studies to case reports and series. Case reports 
and series are prone to selection and publication biases. There-
fore, the general application of our findings may be limited 
and should be interpreted cautiously. More observational stud-
ies are required to examine further the predictors and optimal 
treatment modality for PM in DTC.

Figure 2. Frequency of presenting symptoms in PM from DTC. DI: diabetes insipidus; PM: pituitary metastasis; DTC: differenti-
ated thyroid cancer.
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Table 3.  Treatment Modalities and Outcomes in Patients With Pituitary Metastases From Differentiated Thyroid Cancer

Author Treatment modality Cured Survival (months) Death (Y or N)
Aleyadeh et al, 2012 [15] Surgery, radiotherapy, radio-iodine No 24 N
Barbaro et al, 2011 [9] Radiotherapy, radio-iodine (first case); 

Surgery, radiotherapy (second case)
Yes (first case); 
No (second case)

3 (first case); 4.7 
(second case)

N (both cases)

Bell et al, 2001 [16] Surgery NS NR NS
Nada et al, 2002 [17] Radiosurgery, chemotherapy No NR NS
Chikani et al, 2013 [18] Surgery, radiotherapy, radio-iodine No 59 Y
Chrisoulidou et al, 2004 [19] Surgery, radiotherapy Yes NR NS
Estrada et al, 2019 [20] Radiotherapy, chemotherapy No 7 Y
Gao et al, 2019 [21] Surgery, radio-iodine NS NR NS
Hirayama et al, 2022 [22] Surgery NS NR NS
Ilerhunmwuwa et al, 2020 [10] Surgery, radiotherapy No 5 N
Lim et al, 2015 [23] Surgery, radio-iodine No 5 Y
Madronio et al, 2011 [5] Surgery No 13 N
Masiukiewicz et al, 1999 [24] Radio-iodine (first case); Surgery, 

radiosurgery (second case)
No (both cases) 8 (first case); 7 

(second case)
N (first case); Y 
(second case)

Matyja et al, 2016 [25] Surgery, radiotherapy NS 7 N
Meltzer et al, 2021 [26] Surgery, radiotherapy Yes 5 N
Muninthorn et al, 2021 [27] Surgery, radiotherapy, radio-iodine NS 6 N
Ochiai et al, 1992 [28] Surgery, radio-iodine No 36 N
Poplawska-Kita et al, 2020 [29] Radio-iodine No 24 Y
Prodam et al, 2010 [30] Surgery, radio-iodine Yes NR NS
Yilmazlar et al, 2004 [31] Surgery, radio-iodine NS 60 N
Simmons et al, 2010 [32] Surgery, radio-iodine NS 36 N
Simon et al, 2004 [33] Radio-iodine NS 36 N
Souza Mota et al, 2018 [34] Surgery, chemotherapy NS 12 Y
Vianello et al, 2011 [35] Surgery, radiotherapy, radio-iodine NS 108 N
Zheng et al, 2021 [36] Surgery, radiotherapy, radio-iodine NS NR NS

NS: not specified; NR: not recorded; Y: yes; N: no.
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