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Abstract

Context: Association of central diabetes insipidus (CDI) and pituitary stalk thickening (PST) may have several etiologies
(including malignancies) and differential diagnosis remains often difficult.

Objective: The purpose of this study was to identify which clinical, biochemical or radiological features could help
clinicians to make an etiological diagnosis, especially distinguishing neoplastic from non-neoplastic pituitary stalk
lesions.

Design and methods: We retrospectively analyzed clinical, biochemical, radiological and histological data of 38 adult
patients diagnosed with CDI and PST of proven etiology.

Results: Of the 38 pituitary stalk lesions included, 11 (29%) were neoplastic. A histopathological diagnosis was
obtained in 22/38 (58%) patients. The three most frequently observed etiologies of PST were neuroinfundibulitis
(34%), germinoma (21%) and histiocytosis (18%). Pituitary stalk thickness was larger for neoplastic lesions, particularly
germinomas. Male gender and a very young age were statistically associated with a risk of germinoma. At least one
anterior pituitary deficit was observed in nearly 60% of patients. Patients with neoplastic PST were more affected by
multiple anterior pituitary dysfunction than patients with benign PST. A high serum prolactin level was individually the
best predictor of a neoplastic origin (90% sensitivity and 60% specificity for a serum prolactin level 1.27-fold above the
normal upper limit (ULN)).

Conclusion: We confirm a relatively high risk of malignancy in adult patients presenting with the association of CDI

and PST. Young age, male gender, a very large thickening of the stalk, multiple anterior pituitary deficits and prolactin
above 1.3x ULN increase the likelihood of a neoplastic origin.
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Introduction

Adult patients with pituitary stalk lesions commonly  particular, the association of CDI and pituitary stalk
present with varying degrees of central diabetes insipidus  thickening (PST) may be caused by several diseases,
(CDI), hypopituitarism, and hyperprolactinemia. In including neoplastic, infectious, and inflammatory
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conditions (1, 2, 3, 4, 5,6, 7, 8,9, 10, 11), and differential
diagnosis is mandatory in order to propose an appropriate
and follow-up. This diagnosis
challenging, principally for two reasons: (i) there are few
specific signs on MRI, which may help to identify the
underlying disease (3) and (ii) biopsies of lesions in this
area are not often performed as they may be associated
with significant morbidity such as cerebrospinal fluid
(CSF) leak, meningitis or permanent panhypopituitarism
(12). As a result, the diagnosis of the underlying disease is
frequently based only on indirect clues driven by clinical
and biochemical evaluation, CSF analysis, imaging, biopsy
of other involved organs and/or the natural course of the
disease. Moreover, few studies have specifically addressed
the issue of PST associated with diabetes insipidus in
children (4, 5, 6, 7, 13) and even fewer in predominantly
adult populations (14).

In the present study we retrospectively analyzed
clinical, biochemical, radiological and histological data of
38 adult patients first diagnosed with CDI and PST and in
whom evaluation led to a well-identified etiology. Given
the risks associated with a pituitary stalk biopsy, we tried
to highlight which clinical, biochemical or radiological
data could help clinicians to make an early and accurate
diagnosis, with a special emphasis on the differentiation
between neoplastic and non-neoplastic lesions.

treatment remains

Subjects and methods

We retrospectively included all known adult patients
with the association of central diabetes insipidus and
pituitary stalk thickening at diagnosis. These patients had
been followed between 1991 and 2016 in one of three
academic centers in Belgium and France (Brussels Saint-
Luc University Hospital, ULB Erasme Hospital and Bicétre
University Hospital). Most patients were diagnosed after
2009, as we started a pituitary case registration in a more
systematic way since that year (2-5 patients included
annually between 2009 and 2016).

Several patients were excluded from our analysis: those
with aknown pre-existing diagnosis at the time of CDI onset
(including many patients with metastases from a previous
primary cancer and patients with another known pituitary
lesion such as Rathke’s cleft cyst, craniopharyngioma or
apoplexy), patients younger than 15-year-old at diagnosis,
patients with pituitary radiation therapy or surgery
without a prior available diagnostic MRI, patients without
a full MRI evaluation including sagittal and coronal, non-
enhanced and contrast-enhanced T1-weighted images of
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the hypothalamo-hypophyseal tract, and patients with
insufficient diagnostic or follow-up data. Thirty-eight
patients (20 males and 18 females) were eligible and their
clinical, biochemical and radiological data were reviewed.
The median follow-up period was 55 months (range 6-238).
We also recorded histological findings when available,
including results from biopsies of the pituitary stalk or of
a cranial or extracranial site involved by the disease. All
different investigations performed in the patients were
also reviewed, in particular those allowing the exclusion
of germ cell tumor or other malignancy and/or those
confirming the suspected underlying disease. The most
frequently performed investigations were chest X-rays or
thoracic CT (34/38), serum tumor markers for germ cell
tumor (a-fetoprotein, - human chorionic gonadotropin
(HCG); 24/38), CSF analysis (20/38), bone scintigraphy
(17/38), abdominal CT (17/38) and fluoro-deoxy-glucose
(FDG)-PET coupled with CT scan (13/28).

Pituitary MRI evaluation

All MRI scans were retrospectively analyzed by the same
neuroradiologist, who was blinded against the final
etiological diagnosis. The pituitary stalk lesions were
characterized by reviewing the first MRI that identified a
pituitary stalk abnormality. Quantitative measurements
of the anatomical structures were made using the scales
provided on the images. The following radiological
features were recorded: the presence or absence of the
posterior hypophyseal bright spot; the pituitary size
(the height of the anterior pituitary was measured
on sagittal T1-weighted images) and the gland was
characterized as normal or enlarged (height >7 mm); the
width of the pituitary stalk, measured in its proximal,
medial and distal portions on both coronal and sagittal
sequences; the morphology of the stalk (characterized
as tubular, V-shaped, round or pyramidal according to
the classification reported by Turcu et al. (3)); and the
enhancement pattern of the pituitary stalk (homogenous/
non-homogenous). Based on the previously reported
normal dimensions of the hypothalamic-pituitary axis on
MRI (15, 16, 17, 18), the pituitary stalk was considered
enlarged when its largest diameter was greater than 4.0
mm in its proximal portion at the level of the optic
chiasm, 2.8 mm in its medial portion and/or 2.5 mm
in its distal portion at the level of pituitary insertion. A
similar evaluation was made on subsequent MRI scans
to detect any changes regarding the width of pituitary
stalk. Changes were considered significant when a >25%
variation in stalk diameter was observed.
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Endocrine evaluation

The following data were collected from medical records
at diagnosis and during follow-up: baseline serum
IGF1, LH, FSH, testosterone or estradiol, prolactin,
TSH, free thyroxine (fT4), morning cortisol and plasma
adrenocorticotropin (ACTH), as well as results of dynamic
function tests when available.

Secondary hormonal deficiencies were defined
based on low levels of the primary hormones with low
or inappropriately normal corresponding pituitary
hormones. In some cases, stimulation tests were performed
to confirm corticotropic or somatotropic insufficiency.
CDI was diagnosed based on clinical signs and symptoms
and the measurement of serum and urine osmolality and
electrolytes. Some patients underwent a water deprivation
test. Noticeably, the posterior pituitary bright spot
was absent on Tl-weighted MRI in all patients and all
responded successfully to treatment with desmopressin.

Statistical analysis

The statistical analyses were performed using IBM SPSS
Statistics, version 24.0 software. The continuous variables
were reported as mean=+sp, or as median and (P5-P95)
interval, depending on the normality of the data which
was tested by the Shapiro-Wilk test. Continuous normally
distributed variables were compared using Student’s
unpaired t-tests, whereas discrete variables were compared
by the chi-square test. Correlations were calculated using
Spearman regression analysis and ROC curve analysis was
performed to determine the best values differentiating
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malignant from benign etiologies of CDI and PST. A value
of P<0.05 was considered statistically significant.

Ethical committee

This study was approved by the Ethics Committee of
Erasme Hospital.

Results

General characteristics of the patients

Thirty-eight patients (20 men and 18 women; sex
ratio 1.1) were included in this study. Table 1 shows
the several etiologies of association of CDI and PST. A
histopathological diagnosis was obtained in 22/38 (58%)
patients. This was based on the biopsy of the pituitary stalk
(n=7), of an associated brain lesion (n=4) or of a lesion
present in extracranial tissues (n=11). In the remaining 16
patients, diagnosis relied on CSF analysis in one patient
(germinoma), on clinical and biological grounds in three
cases (granulomatosis with polyangiitis, acute myeloid
leukemia, idiopathic granuloma) and on the clinical
context and spontaneously favorable evolution in 12
cases of neuroinfundibulitis.

Among the benign etiologies (n=27), 13 patients
had neuroinfundibulitis (including two cases with
panhypophysitis), seven had histiocytosis (classified as
benign according to the Histiocyte Society classification
(19) as all were of the ‘L’ type and none of the ‘M’ type),
three suffered from Wegener polyangiitis (3/27), two
from idiopathic granuloma, one from sarcoidosis and one

Table 1 Etiology of diabetes insipidus and pituitary stalk (PS) thickening in the 38 patients and corresponding features leading

to diagnosis.

No. of Stalk Brain CSF hCG Extracranial Anti-MPO Clinical
Etiology patients biopsy biopsy level biopsy* antibodies context
Neuroinfundibulitis 13 1 12
Histiocytosis** 7 7
Germinoma 8 3 4 1
Wegener 3 2 1 1
Idiopathic granuloma 2 1 1
Burkitt ymphoma 1 1
Breast cancer metastasis 1 1
Leukemia 1 1
Sarcoidosis 1 1
Epidermoid cyst 1 1

*Extra cranial biopsies were performed at the level of the skin (n =5), bone (n=2) for histiocytosis), kidney (n=1) and sinus (n = 1) for Wegener's disease,
adrenal (n = 1) for Burkitt lymphoma and salivary gland (n = 1) for sarcoidosis. **Patients with histiocytosis (n = 7) were all classified as having a benign
disease according to the Histiocyte Society classification (19), as all were of the ‘L'-type and none of the ‘M’ type.

anti MPO, anti-myeloperoxydase antibodies; CSF, cerebrospinal fluid; hCG, human chorionic gonadotrophin; No., number.
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from a stalk epidermoid cyst. The neoplastic etiologies
were germinoma (8/11), metastatic breast cancer (1),
leukemia (1) and Burkitt lymphoma (1). As shown, the
three most frequently observed etiologies of PST in our
series were neuroinfundibulitis (34%) germinoma (21%)
and histiocytosis (18%).

CDI was diagnosed at a median age of 31 years (range
15-86 years). The diagnosis of CDI was not synchronous
with that of the underlying disease in nine patients (24%).
It preceded the etiological diagnosis by a delay ranging
from 1 to 3 years in seven cases (four germinomas, three
histiocytosis), while in two cases CDI occurred 2 years
after the diagnosis (one patient with sarcoidosis and one
with leukemia).

Some clinical data were useful for the etiological
diagnosis. Cutaneous lesions were almost always present
in patients with histiocytosis (6/7 patients) but never for
other diseases. Regarding MR images, no specific feature
of the pituitary stalk appearance was helpful to diagnose
the underlying disease, but three out of the eight patients
with a germinoma had a concurrent typical pineal lesion.

A lumbar puncture was performed in 20 patients and
contributed to the diagnosis of germinoma in 6/8 patients
harboring this condition: AFP and hCG were measured
in 15 CSF samples: AFP was negative in all, hCG was
elevated in the cerebrospinal fluid (CSF) in four patients
and neoplastic germinomatous cells were present in
two others. Serum tumors markers (AFP and hCG) were
analyzed respectively in 23 and 24 patients: AFP was
negative in all. hCG was elevated in peripheral blood in
three patients. Two patients had both positive serum and
CSF hCG at diagnosis.

A 8F-FDG-PET-CT scan was performed in the diagnosis
evaluation of the more recent cases between 2009 and
2016. This imaging modality was indeed a useful tool
to confirm diagnosis, assess disease activity and staging
in histiocytosis detecting hypermetabolic extracerebral
manifestations of the disease, mostly bone lesions in our
patients. '8F-FDG PET-CT also played a key role in the
diagnosis work up of two difficult cases, guiding renal
and adrenal biopsies in unusual presentations of Wegener
and Burkitt lymphoma (‘bifocal’ localization of PST and
bilateral renal pseudotumor in the first case, PST and
bilateral adrenal involvement without peripheral lymph
nodes in the second one).

In all patients, central diabetes insipidus was the
primary clinical manifestation leading to first medical
check-up.

At least one deficit of anterior pituitary hormones was
observedin 22 patients (58%), whereas hyperprolactinemia
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was observed in 24 (77%) of the 31 cases in whom PRL
was measured, with a prolactin range of 0.35 to 6.25 times
the upper limit of normal (xXULN).

Characteristics of the patients according to the
malignant nature of underlying disease

Clinical and radiological findings

When patients were subdivided into those with a benign
etiology (27/38; 71%) and those with a malignant disease
(11/38; 29%), mean age at diagnosis of DI was not different
between the two groups (38.7+17.2 vs 32.7+22.4 years)
but the sex ratio (M/F) was much higher at 4.5 for
malignant disease (7/1 for germinoma) than for benign
disease (0.7; P=0.02) (Table 2). Interestingly enough, the
mean age at diagnosis of DI was lower for germinoma
(22.6 +3.8 years) than for histiocytosis (35.0+14.5 years)
and for neuroinfundibulitis (39.1+13.8 years; P<0.05).

Regarding clinical signs and symptoms, headaches,
visual defects, other neurological symptoms and systemic
manifestations were more frequent in the malignant
subgroup, but the difference was only slightly significant
for neurological signs (memory loss and dizziness),
which were present only in the germinoma subgroup.
As mentioned, cutaneous lesions were only present in
patients with histiocytosis.

Pituitary stalk thickness was larger in patients with
a neoplastic etiology of PST, and this difference reached
statistical significance in sagittal view (median: 5.3 mm

Table 2 General characteristics of the patients at diagnosis
according to the benign or malignant nature of underlying
disease.

Benign Malignant
disease (n=27) disease (n=11) P value
Age at diagnosis of DI 387x+17.2 327+224 0378
(years)
Sex ratio (M/F) 11/16 9/2 0.021
Duration of follow-up 48 (2-240) 60 (3-204) 0.890
(months)
Main symptoms
Headaches (%) 8/26 (31%) 6/10 (60%) 0.107
Visual disturbances (%) 5/26 (19%) 5/11 (45%) 0.101
Systemic 10/27 (37%) 7/10 (70%) 0.074
manifestations (%)
Cutaneous 6/26 (23%) 0/11 (0%) 0.082
manifestations (%)
Other neurologic 1/24 (4%) 3/10 (30%) 0.030
symptoms (%)
Stalk biopsy 3/27 (11%)  4/11 (36%) 0.069
performed (%)
Lumbar puncture 11/27 (41%)  9/11 (82%) 0.021

performed (%)
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(range: 3.5-11.0) in neoplastic PST vs 4.0 mm (2.0-9.1)
in benign PST, P=0.016; Table 3). This parameter was
also much larger for germinoma (5.50 mm (3.50-11.00))
than for neuroinfundibulitis (4.30 mm (2.00-6.80)) and
histiocytosis (3.20 mm (2.63-4.80)) (P<0.01).

Endocrine evaluation

Partial or complete anterior hypopituitarism was more
frequently observed in patients with malignant (11/11)
than in non-malignant PST (11/27; P=0.001). In patients
with malignant PST, somatotropic and gonadotropic
insufficiencies were the most common endocrine
deficiencies in evaluable patients (8/9 and 9/10,
respectively), followed by central hypothyroidism (8/11)
and corticotropic insufficiency (7/11) (Table 4). In patients
with non-malignant PST, secondary hypogonadism was
the most common endocrine deficiency in tested patients
(10/25) followed by growth hormone (4/13), TSH (5/26)
and ACTH deficiencies (2/23) (P<0.01 vs malignant
disease for each hormonal axis). Overall, patients
with neoplastic PST were more affected by multiple
anterior pituitary dysfunction than patients with benign
PST (Fig. 1).

The median PRL level (xULN) was much higher for
patients with neoplastic PST (3.10 xULN (0.75-6.25)
than for patients with benign PST (1.15 XULN (0.35-
3.02) (Fig. 2; P=0.001). It was also higher for germinoma
(2.79 xULN (0.75-4.62)) than for histiocytosis (1.15
xULN% (0.70-1.78)) and neuroinfundibulitis (1.00 xULN
(0.35-2.81)) (P<0.01). A non-significant correlation was
observed between the thickness of pituitary stalk and the
level of PRL (r=0.363, P=0.063). A ROC curve analysis
also showed that at a cut off value for serum prolactin of
1.27 xULN could predict malignancy with a sensitivity of
90% and a specificity of 67%, while a value of 2.00 xXULN
predicted a malignant disease with a sensitivity of 70% but
a high specificity of 95% (Fig. 3; AUC=0.852; P=0.002).
Moreover, the etiology was always benign when PRL was
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<0.74 xULN and always malignant for prolactin > 3.1
xULN.

Stalk biopsy

To confirm the diagnosis, a stalk biopsy had to be
performed in 3/27 patients with a benign disease (one
case each of neuroinfundibulitis, idiopathic granuloma
and epidermoid cyst) and in four of the 11 patients with
a neoplastic disease (germinoma in three and metastasis
in one patient) (Table 1). In four other cases of germ cell
tumor, the biopsy could be performed stereotactically in a
tumoral extension within the hypothalamus.

Follow-up

After diagnosis, a follow-up adapted to the underlying
diagnosis was proposed to all patients and an appropriate
treatment was given if available. Twenty-four patients were
treated for the underlying disease: 14/27 (52%) patients
with benign PST and 10/11 (91%) patients with neoplastic
PST. A follow-up MRI was available for 33/38 patients. At
the end of the observation period, we observed a pituitary
stalk normalization in 23/33 patients (70%): 14/24 (58%)
with a benign etiology and 9/9 (100%) with a malignant
etiology, respectively. Normalization of PST was observed
after 31 (5-206) months for benign PST and 7 months
(3-18) for malignant PST (P=0.02).

In the neuroinfundibulitis group, follow-up MRI was
available for 11/13 patients and four of them had been
treated with corticosteroids (Table 5). The efficacy of this
treatment on PST was not clearly apparent. In the four
patients treated with steroids, we observed a normalization
of PST in two and areduction in the other two patients. One
of them showed a biphasic evolution with normalization
of PST under corticosteroids trial followed by secondary
enlargement after withdrawal of treatment. On the other
hand, we observed a normalization of pituitary stalk in all
seven untreated patients. The patients with a diagnosis

Table 3 Main MRI characteristics of the patients at diagnosis according to the malignant nature of underlying disease.

Benign disease (n=27) Malignant disease (n=11) P value
Stalk thickness (coronal view) (mm) * 4.1(2.4-10.8) 5.5(3.0-22.4) 0.068
Stalk thickness (sagittal view) (mm) * 4.0(2.1-9.1) 5.3(3.5-11.0) 0.016
Pituitary stalk aspect (T/R/V/P) 9/14/3/1 5/4/2/0 0.703
Stalk contrast enhancement (homo./hetero)s® 17/5 8/2 0.863
Pituitary gland aspect (N/E)3S8 19/6 6/4 0.292

*Stalk thickness was recorded at the level of the largest size of the stalk on both coronal and sagittal views. SPituitary stalk aspect: T, tubular; R, round; V,
V-shape; P, pyramidal. $*Contrast enhancement (data available for 32 patients): homo., homogeneous; hetero, heterogeneous. **Pituitary gland aspect
(data available for 35 patients): N, normal; E, enlarged.
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Table 4 Endocrine evaluation of the patients at diagnosis
according to the benign or malignant nature of underlying
disease.

Benign disease Malignant
(n=27) disease (n=11) P value
Nb with LH/FSH 10/25 (40%) 9/10 (90%) 0.007
deficiency (%)
Nb with GH 4/13 (31%) 8/9 (89%) 0.007
deficiency (%)
Nb with TSH 5/26 (19%) 8/11 (73%) 0.002
deficiency (%)
Nb with ACTH 2/23 (9%) 7/11 (64%) 0.001
deficiency (%)
Prolactin (xULN) 1.15(0.35-3.02) 3.10(0.75-6.25) <0.001
No. of AP 16/5/2/2/2 0/1/3/2/5 0.003
deficits
(0/1/2/3/4)

AP, anterior pituitary; No., number; ULN, upper limit of normal.

of germinoma were treated by conventional combination
of chemo- and radiotherapy, and we observed a
normalization of the pituitary stalk in all of them.

In the histiocytosis group, follow-up MRI was
available for 7/7 patients and five of them were treated.
For the five treated patients, we observed a normalization
of PST in two patients and a reduction of thickening in
three others. For the untreated patients: we observed a

20 D Benign PST
. Malignant PST
» 157
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U
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o
o
£
S
=
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0 1 2 3 4
Number of anterior pituitary hormone deficits at diagnosis
Figure 1

Numbers of patients with 0, 1, 2, 3 or 4 pituitary hormone
deficits in addition to central diabetes insipidus at diagnosis.
Patients with a benign etiology of pituitary stalk thickening
(PST) are indicated in open bars and patients with a malignant
etiology are indicated in dark grey bars. The absence of any
deficit was only observed in patients with benign PST, while
patient with a neoplastic PST were more often affected by
multiple anterior pituitary deficiencies (P < 0.01).
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Figure 2

Serum prolactin concentration expressed as a multiple of the
upper limit of normal (xULN) in patients with a benign (open
bar) or malignant etiology of pituitary stalk thickening (dark
grey bar). Boxplots represent the medians, interquartile
ranges and (P5-P95) intervals. **P < 0.01 between the

two groups.

100

80

40

Sensitivity (%)

207

0 T T T
0 20 40 60 80 100

100 - Specificity

Figure 3

ROC curve analysis of prolactin concentration for the
differentiation between neoplastic and benign causes of
pituitary stalk thickening. The best cut off value for serum
prolactin (designed by the filled circle) was 1.27 XULN with a
sensitivity of 90% and a specificity of 67% (AUC = 0.852;
P=0.002).
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Table 5 Treatment characteristics and MRI evolution according to the malignant nature of underlying disease.

Benign disease (n =27) Malignant disease (n=11) P value
Treatment of underlying disease (%) 14/27 (52%) 10/11 (91%) 0.014
Beneficial effects on stalk thickening (%) 12/12 8/9 0.262
Nb of patients with PS normalization (%) 14/24 (58%) 9/9 (100%) 0.047
Time to stalk normalization (months) 31 (5-206) 7 (3-18) 0.015

Nb, number.

spontaneous normalization of pituitary stalk thickness
in one and a further enlargement in the other. At the
end of the observation period, regardless of treatment or
normalization of the pituitary stalk, CDI persisted in all
patients except in one suffering from leukemia and treated
by bone marrow cell allotransplantation. Likewise, initial
anterior pituitary deficits persisted at the last follow-up
visit, with gonadotropic, somatotropic, thyrotropic
and corticotropic deficits being present at that time in
20/33 (61%); 21/28 (75%), 21/34 (62%) and 12/32 (38%)
patients, respectively.

Discussion

In this retrospective study, we describe the etiological
spectrum of diseases responsible for the association of
CDI and PST in patients over the age of 15 years. We also
highlight the common diagnostic strategy used in our
three centers when facing this condition and compare
the main characteristics and outcome of neoplastic and
non-neoplastic diseases involving the pituitary stalk in
adult patients.

In our study, the risk of having a malignant disease
when CDI and PST were associated was 29% (11/28
patients). Comparison with other similar reports is
difficult since many studies also included pediatric cases,
considered any pituitary stalk lesion whether associated
or not with CDI, and/or included cases without a well-
defined diagnosis (1, 3, 8, 9, 14). As reported by Catford
et al. (20), the nature of PS lesions indeed differs between
small case series or compiled cases reports and larger
monocentric series. In their review of the literature in
2016, the authors identified 209 published cases of PST
in both adults and children and estimated the relative
proportion of congenital, inflammatory or infectious,
and neoplastic causes to be 3, 68 and 29%, respectively.
Conversely, in three of the largest studies (1, 3, 14),
neoplastic diseases were more frequent, often accounting
for the majority of cases in which a pathological diagnosis
was established, with a reported frequency rate between
37 and 59%. One should however keep in mind that

the overall biopsy rate in these series was rather low
(between 24 and 45%), and that malignant lesions were
likely more often biopsied. More recently, the largest
monocentric study to date was published by Zou et al.
(13), reporting on 321 Chinese patients with PST. Again, a
high proportion of neoplasms (75%) was reported among
the patients who had histologically proven disease, with
similar low biopsy rates of 43% overall and of 29% for
pituitary stalk biopsies. Moreover, the high relative
proportion of neoplastic etiologies was also explained
by a large proportion of patients with undetermined
etiology (‘idiopathic PST’), which probably represents
mostly autoimmune neuroinfundibulitis) and by the
misclassification of Langerhans cell type (L) histiocytosis
as myeloid neoplasia, thus accounting for more than half
of the malignant neoplastic PST. In the present study,
the overall biopsy rate (whatever the organ biopsied)
was somewhat higher than in most other studies (58%)
and the malignancy rate was lower (29%), likely because
we considered L-histiocytosis as a benign entity and we
did not include the patients with a previously known
metastatic malignancy. Both conditions are frequently
described as etiologies of malignant PST in adults
patients (3, 13).

The only study that addressed the neoplastic risk
in patients with PST and CDI by performing systematic
surgical pituitary biopsies showed comparable results
(14). In this previous report from Jian and colleagues, 84%
of their 37 patients were older than 15, a pathological
diagnosis was established for 17/37 patients (46%) and
the three most frequent etiologies were idiopathic PST for
20 patients (54%), germinoma for 9 patients (24%) and
histiocytosis for 7 patients (19%).

When facing such association of CDI and PST,
the main goals of the medical workup are to exclude
a neoplastic underlying pathology, to determine the
presence of associated pituitary deficits and to propose the
appropriate medical therapy. All possible clues to narrow
the etiological spectrum are therefore welcome. In this
regard, we observed that male gender and a very young
age were statistically associated with a risk of neoplasia,
essentially related to the higher incidence of germ cell
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tumor in males and their occurrence mostly before the
end of the third decade of life (21). In contrast, metastatic
spread and inflammatory diseases are more frequent in
adults (13). Whether the presence of concomitant CDI
increases or not the risk of neoplasm is controversial. Some
authors have suggested that CDI is a negative predictor of
neoplastic PST, being thus a favorable factor (11) while
others have shown the opposite (2, 22). Obviously, our
study including only patients with CDI was unable to
solve this dilemma.

A thorough clinical examination remains also of
utmost importance. Cutaneous lesions such as nodules
or generalized crusted papules should evoke histiocytosis
and were indeed present in most of our patients with
this disease, but never observed in the other cases.
Neurologic signs were only present in patients with a
germ cell tumor. Other relevant clinical features include
lymphadenopathy, hepatosplenomegaly or other features
of a systemic disease. Performing an FDG-PET-CT scan
will usually help the clinician to localize extra-cerebral
localizations in such instances and guide the diagnostic
biopsy procedure (13).

Brain imaging is obviously indicated in each patient
with CDI, but we could not identify a pathognomonic
shape of the stalk or other features that could help
the clinician to identify the underlying disease with a
sufficient degree of confidence. In the study of Turcu et al.,
the strongest association with a specific pattern of stalk
thickening on MRI was described for congenital lesions
which were usually round in appearance. Most cases of
neurosarcoidosis had a uniformly thickened pituitary
stalk and most metastases of solid cancers appeared round
or V-shaped. There was however no correlation between a
specific stalk pattern and either germinoma, Langerhans
cell histiocytosis, Erdhem Chester disease, Wegener
hypophysitis or lymphocytic hypophysitis (3). As already
observed by Sbardella et al. (2) and by Lee et al. (11), the
pituitary stalk thickness was larger in our patients with
a neoplastic etiology of PST, in particular those with a
germinoma, but a large overlap was observed with benign
lesions. It should also be pointed out that, as opposed to
our study, previous reports included congenital and cystic
tumors such as craniopharyngiomas or Rathke’s cleft
cysts in their study population, which may significantly
influence the findings. The only decisive clue provided by
imaging was the presence of a concomitant pineal lesion
in three patients with a germ cell tumor. Of note, CSF
analysis was useful for the diagnosis of germinomas as
6/8 patients had positive hCG or typical neoplastic cells
in their CSF, and diagnosis only relied on this analysis

Pituitary stalk thickening: 183:1 102

neoplastic or not?

in one patient. Intracranial germ cell tumors can secrete
tumor markers such as hCG and AFP into serum and/or
CSF. However, discordant serum and CSF tumor marker
results have been observed and CSF analysis is needed for
an accurate diagnosis since protein levels are often much
higher in CSF than in serum. Moreover, we should keep
in mind that, as shown in our study, pure germinomas
typically present with normal hCG and AFP levels in
both serum and CSF. Therefore, the negativity of these
biomarkers does not rule out the diagnosis which requires
histological confirmation if suspected (23).

Complete pituitary endocrine evaluation is also
mandatory in each patient with PST in order to assess
whether an endocrine deficit is present that needs to be
treated. Data concerning the relation between neoplastic
etiology and endocrine deficits are conflicting.

In our study, at least one anterior pituitary deficit
was observed in nearly 60% of patients but the number
of endocrine deficits was clearly related to the risk of
neoplasia. Indeed, one or more deficits were observed
in 100% of patients with neoplastic etiology but only
in 41% of the remaining patients. When two or more
anterior pituitary deficits were observed, the risk of
malignancy was superior to 90% compared to only 20%
in benign diseases. Secondary hypogonadism was the
most common endocrine deficiency in both benign and
neoplastic lesions as also observed in previous reports (2,
3, 13, 14). Gonadotropic deficiency could however be the
result of either the deleterious effect of hypothalamic,
stalk or pituitary lesions, or the functional consequence
of associated hyperprolactinemia.

There are limited data about hyperprolactinemia in
pituitary stalk lesions. Hyper-prolactinemia was detected
in respectively 19% and 30% of the patients in the
studies of Doknic (10) and Turcu (3). According to Lee
and colleagues (11), the presence of hyperprolactinemia
was not a useful parameter for differentiating neoplastic
from non-neoplastic lesions. However, they gave no
information about absolute prolactin levels in their report.
Interestingly, in our study, a high median PRL serum
level was individually the best predictor of a neoplastic
origin with an optimal cutoff value of 1.27 x the upper
limit of normal, predicting malignancy with a sensitivity
of 90% and a specificity of 67%. PRL level was also —
though non-statistically — correlated with the thickness
of pituitary stalk disease, meaning that the magnitude
of hyperprolactinemia could reflect the severity of the
stalk infiltration. Of note, our study is the first to bring
out high prolactin levels as a risk factor for a neoplastic
etiology. This is probably due to the fact that prolactin
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measurement is often not considered as mandatory as it
will not imply substitution therapy.

Despite a complete work-up, etiology of PST may
remain unknown with the risk of ignoring a neoplastic
lesion. Therefore, when the etiology is unclear, the
possibility of malignancy cannot be formally excluded,
and if no biopsy is feasible at another extracerebral site,
a pituitary stalk biopsy needs to be considered. In fact,
two different approaches have been suggested in such
instances (3, 8, 13, 14, 20): either a transsphenoidal
biopsy of the stalk to allow early histopathological
diagnosis, or very close (3-6 months) imaging follow-up
and later biopsy if disease is progressing. In our study,
stalk biopsy was finally performed in only a minority
(3/27) of patients with a benign disease and in 4/11 with
a neoplastic disease. This illustrates well the fact that stalk
biopsy should rarely be proposed for neuroinfundibulitis
and always proposed in case of suspicion of a neoplastic
etiology that cannot be confirmed by other procedures.

PST and CDI

Diagnosis work-up

~—

Pituitary stalk thickening: 183:1 103
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Taken all these facts together, our suggested approach for
the diagnosis and management of PST and CDI is outlined
in Fig. 4.

Data recorded on the follow-up of our patients
(median 55 months) also allowed us to reinforce the
primary diagnosis of benign etiology in case of stable or
spontaneously improving disease. Progressive increase in
the size of pituitary stalk lesion is well described in the
natural course of germ cell tumor or LCH (14, 24). On the
other hand, spontaneous regression of PST is a common
feature of lymphocytic neuroinfundibulitis and may also
occut, although not commonly - in isolated pituitary stalk
localization of LCH (6). Finally, at the end of follow-up,
pituitary stalk abnormalities persisted in about one third
of the patients, mainly in those with a benign etiology.
A complete normalization of pituitary stalk appearance
was indeed observed in all malignant PST and this can
be explained by early aggressive treatments including
radiotherapy for all, combined with chemotherapy,

I Replacement therapy I

Pituitary function F-U
Normal

Blood tests

CBC,CRP, LDH

Renal and liver function tests
Serum prolactin

Ca, ACE,1,25-dihydroxyvitamin D
1Gg4, ANCA, Anti-TPO antibodies
serum AFP/ hCG

Tumor markers*

Quantiferon**

Any specific cerebral lesion?
pineal, basal ganglia, leptomeningeal
enhancement , metastasis, abscess.....
Any specific extracerebral lesion?
clinical examination ( skin)

FDG PET/CT

Bone X-ray, whole body bone scan
Chest, abdomen, pelvis CT/MRI ]_ §

CSF analysis : in case of isolated PST or if
P

picion of infection or h log
malignancy -

AFP/ hCG Biopsy (BMA***)
Cytology, flow cytometry, immunohistochemistry, Positivity / treatment
PCR.“

Microscopy and culture for Tuberculosis**

/I F-Uat 3months™***

I Progression or PST>7mm or PRL > 2 ULN I

| Stalk biopsy I

Figure 4

stable

| F-Uevery 3 -6 months |

Suggested approach for the diagnosis and management of pituitary stalk thickening (PST) and central diabetes insipidus (CDI).
ACE: angiotensin-converting enzyme, AFP: o-fetoprotein, ANCA: antineutrophil cytoplasmic antibody, Anti-TPO: anti peroxidase,
BMA: bone marrow aspirate, CBC: complete blood cell count, CDI: central diabetes insipidus, CRP: C-reactive protein, CSF:
cerebrospinal fluid, F-U: follow-up, hCG: human chorionic gonadotropin, LDH: lactate dehydrogenase, PCR: polymerase chain
reaction, PRL: prolactin, PST: pituitary stalk thickening, ULN: upper limit of normal. *For selected patients in whom metastatic
malignancy is suspected; **for selected patients in whom tuberculosis is suspected (most often immunocompromised patients or
endemic areas); ***for patients with suspected lymphoma (BMA for confirmation and staging of the disease); ****cerebral/sellar
MRI and pituitary function; Sdepending on PET-CT availability and results.
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hormone therapy and bone marrow allotransplantation
in one patient with leukaemia.

Despite normalization of PST in the majority of
patients, CDI persisted in all but one of them, thus
suggesting the irreversible destruction of vasopressin
secreting neurons. Similar data have been reported
previously. For example, Jian et al. reported the persistence
of CDI throughout the clinical course of all their patients,
with a median follow-up of more than 5 years, including
those with complete regression of pituitary stalk lesions.
Similar findings were observed for anterior pituitary
deficits when present at diagnosis.

There are several limitations to be acknowledged
regarding our study, mainly the lack of tissue-confirmed
diagnosis, a pre-determined intrinsic selection bias and a
small number of patients. Further studies with systematic
measurement of prolactin concentrations are also needed
to confirm our findings.

In conclusion, our study confirms the relatively high
risk of malignancy in adult patients presenting with
pituitary stalk thickening and central diabetes insipidus.
The differential diagnosis is however wide and must
include germ cell tumors, solid organ metastases, benign
lymphocytic neuroinfundibulitis or Langerhans cell type
histiocytosis among the most prevalent causes. Early
diagnosis of germinoma remains particularly challenging.
Young age, male gender, a very large thickening of the stalk
(without evidence of a cystic tumor), a higher number
of anterior pituitary deficits as well as a serum level of
prolactin above 1.3 times the upper limit of normal are
all non-invasive parameters increasing the likelihood of a
neoplastic origin.
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