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MRI Findings of Immune Checkpoint Inhibitor—Induced
Hypophysitis: Possible Association with Fibrosis
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ABSTRACT

BACKGROUND AND PURPOSE: Hypophysitis is one of the well-known adverse effects of immune checkpoint inhibitors. Immune
checkpoint inhibitor—induced hypophysitis frequently causes irreversible hypopituitarism, which requires long-term hormone
replacement. Despite the high frequency and clinical significance, characteristic MR imaging findings of immune checkpoint inhibi-
tor—induced hypophysitis have not been established. In the present study, we aimed to review and extract the MR imaging fea-
tures of immune checkpoint inhibitor-induced hypophysitis.

MATERIALS AND METHODS: This retrospective international multicenter study comprised 20 patients with melanoma who were
being treated with immune checkpoint inhibitors and clinically diagnosed with immune checkpoint inhibitor—induced hypophysitis.
Three radiologists evaluated the following MR imaging findings: enlargement of the pituitary gland and stalk; homogeneity of
enhancement of the pituitary gland; presence/absence of a well-defined poorly enhanced area and, if present, its location, shape,
and signal intensity in T2WI; and enhancement pattern in contrast-enhanced dynamic MR imaging. Clinical symptoms and hormone
levels were also recorded.

RESULTS: Enlargement of the pituitary gland and stalk was observed in 12 and 20 patients, respectively. Nineteen patients showed
poorly enhanced lesions (geographic hypoenhancing lesions) in the anterior lobe, and 11 of these lesions showed hypointensity on
T2WI. Thyrotropin deficiency and corticotropin deficiency were observed in 19/20 and 12/17 patients, respectively, which persisted
in 12/19 and 10/12 patients, respectively, throughout the study period.

CONCLUSIONS: Pituitary geographic hypoenhancing lesions in the anterior lobe of the pituitary gland are characteristic and fre-
quent MR imaging findings of immune checkpoint inhibitor—induced hypophysitis. They reflect fibrosis and are useful in distinguish-
ing immune checkpoint inhibitor—induced hypophysitis from other types of hypophysitis/tumors.

ABBREVIATIONS: CTCAE = Common Terminology Criteria for Adverse Events; CTLA-4 = cytotoxic T-lymphocyte-associated antigen-4; ICI = immune

checkpoint inhibitor; ICI-H = immune checkpoint inhibitor—induced hypophysitis; PD-1 = programmed death-1; PD-L1 = programmed death-ligand-1

R:lcent advances in the understanding of tumor immunology
ave led to the development of immune checkpoint inhibi-
tors (ICls), such as cytotoxic T-lymphocyte-associated antigen-4
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(CTLA-4) inhibitors, programmed death-1 (PD-1) inhibitors,
and programmed death-ligand-1 (PD-L1) inhibitors, which are
widely used as breakthrough treatments for a wide variety of
malignancies, such as melanoma, pancreatic cancer, and non-
small-cell lung cancer. ICIs exert their antitumor effects by pro-
moting the attack on activated T-cells in tumors; however, a risk
of adverse effects prevails due to the infiltration of activated T-
cells into systemic organs, where they may cause an excessive
immune response.' Such adverse effects are called immune-
related adverse effects because they present symptoms similar to
those of autoimmune diseases, such as skin rash, hypothyroidism,
and adrenal insufficiency. Immune-related adverse effects can be
expressed in all organs of the body, including the skin, endocrine
system, respiratory system, gastrointestinal system, and central

nervous system.
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Hypophysitis is an inflammation of the pituitary gland and is
one of the typical symptoms of immune-related adverse effects; it
results in headache and secondary endocrinopathy, depending on
the site and extent of injury due to the pituitary infiltration of
activated T-cells." Hypophysitis caused by the anti-CTLA-4 anti-
body, ipilimumab (Yervoy; Bristol-Myers Squibb), was first
reported in 2003 by Phan et al.* According to a systematic review
by Barroso-Sousa et al,” ICI-induced hypophysitis (ICI-H) occurs
in association with ICI therapy in the following order of fre-
quency: combination therapy (ipilimumab plus PD-1 inhibitors,
6.4%), ipilimumab alone (3.2%), PD-1 inhibitors alone (0.4%),
and PD-L1 inhibitors alone (<0.1%). The fatality rate with ICI-H
has been reported to be 2%, and the associated endocrine toxicity
is very high (>91%).“* Endocrinopathy due to ICI-H is often ir-
reversible and requires hormone replacement in >89% of
patients.*” Despite its high incidence, knowledge of the histopa-
thologic findings of ICI-H is scarce. The first postmortem case
was reported in 2016 by Caturegli et al,” who reported a case of
tremelimumab-(an immunoglobulin-2 monoclonal antibody
against CTLA-4 produced by AstraZeneca) induced hypophysitis.
A postmortem examination revealed near-complete destruction
of the anterior lobe of the pituitary gland caused by extensive ne-
crosis and fibrosis and pathologically exhibited lymphocytic and
necrotizing hypophysitis.” Contrast MR imaging in the same
patient showed a poorly enhanced area in the anterior lobe of the
pituitary gland, which was thought to reflect necrosis.” However,
there are no comprehensive reports of MR imaging findings spe-
cific to ICI-H that summarize the enhancement and enlargement
of the pituitary gland and/or stalk, as in other types of hypophysi-
tis.>® 1> Therefore, in the present study, we aimed to review and
extract the MR imaging findings specific to ICI-H.

MATERIALS AND METHODS

This international multicenter retrospective study was approved
by the local ethics committees (The University of Tokyo Hospital
and Michigan Medicine; IRB 2019310NI), and the requirement
for informed consent from study participants was waived due to
the retrospective design of the study.

Patients

Between January 2013 and March 2020, twenty patients with malig-
nant melanoma who received ICIs and were clinically diagnosed
with ICI-H in 2 hospitals in Japan and the United States were
included. We collected the following clinical and laboratory data of
the patients: the symptoms of the patients; the stage of malignant
melanoma; ICIs used for treatment; and the levels of corticotropin,
cortisol, thyroid-stimulating hormone, free thyroxine, prolactin,
luteinizing hormone, follicle-stimulating hormone, testosterone (if
male), growth hormone, and insulin-like growth factor 1. The
Common Terminology Criteria for Adverse Events (CTCAE),
Version 4.03, were used to assess the severity of adverse effects. The
diagnosis of ICI-H was made clinically when =1 pituitary hormo-
nal dysfunction, such as hyposecretion of corticotropin or thyroid-
stimulating hormone, was identified in patients during or just after
the treatment with ICIs with or without physical symptoms, such as
headache and nausea. Pituitary dysfunction was diagnosed on the
basis of the laboratory reference ranges.

1684 Kurokawa Sep 2020 www.ajnr.org

MR Imaging Scanning Protocol

The MR imaging of the pituitary glands was performed using a 1T,
1.5T, or 3T scanner. The following scans were required for all
patients: axial and/or coronal T2-weighted (TR range: 2222-
4851 ms; TE range: 80-120ms; in-plane resolution: 0.41 x 0.41-
0.90 x 0.90 mm? section thickness: 2-5 mm), axial and/or coronal
T1-weighted (TR range: 450-2000ms; TE range: 9-20ms; in-
plane resolution: 0.41 x 0.41-0.90 x 0.90 mm? section thickness:
2-5mm), contrast-enhanced 3D-T1-weighted (axial, sagittal, or
coronal; TR range: 7.2-600 ms; TE range: 2.3-28.3 ms; voxel size:
0.31 X 0.31 x 0.8-1x1 x 1mm3), and/or contrast-enhanced 2D
T1-weighted (axial, sagittal, and coronal; dynamic or nondynamic;
TR range: 450-1800ms; TE range: 9-15ms; in-plane resolut-
jon: 0.41 % 0.41-0.90 x 0.90 mm? section thickness: 2-5mm).
Contrast-enhanced 3D-T1-weighted images were reconstructed in
the axial, coronal, and sagittal planes. Contrast-enhanced MR imag-
ing was performed 90 seconds after the administration of intrave-
nous contrast medium. Contrast-enhanced dynamic MR imaging
was performed 15, 30, 45, 60, 75, and 90 seconds after the adminis-
tration of intravenous contrast medium. MR imaging parameters
varied among institutions because of the difference in examination
protocols used by the institutions.

Image Analysis

In total, 3 diagnostic radiologists participated in the process. Two
of the 3 diagnostic radiologists (with 6 and 8 years of experience
in neuroradiology, and the latter being board-certified) separately
interpreted all MR images and determined the numeric and nom-
inal values mentioned below. Final numeric values were obtained
by averaging the values of the 2 diagnostic radiologists. In case
nominal values were interpreted differently by the 2 radiologists,
the final decision was made by the third board-certified diagnos-
tic radiologist with 15 years of experience in neuroradiology. The
numeric imaging factor evaluated was thickness of the pituitary
stalk. Nominal imaging factors evaluated were as follows: the
presence or absence of enlargement of the pituitary gland and
stalk; homogeneity of enhancement of the pituitary gland (homo-
geneous or heterogeneous); the presence or absence of a well-
defined, poorly enhanced area and, if present, the location (ante-
rior, middle, or posterior; right, center, left, or bilateral), shape
(nodular, linear, ring-shaped, or irregular), and signal intensity in
T2WI (hyperintensity, isointensity, or hypointensity). For cases
with contrast-enhanced MR imaging, the enhancement pattern
was categorized into no enhancement, washout, plateau, or grad-
ually enhancing.

Enlargement of the pituitary gland was diagnosed when its
height was =2 SDs of its reported average in healthy individuals
of the same age group—age range, 21-30 years: 6.6 = 1.5mm for
men, 7.0 = 1.9 mm for women; age range, 31-40years: 6.3 * 1.4
mm and 6.5 = 1.7 mm; age range, 41-50 years: 6.1 * 1.5 mm
and 6.4 = 1.3 mm; older than 50 years of age: 6.0 = 1.6 mm and
6.7 = 1.9 mm.'® During pregnancy or postpartum, independent
standards for women were set from 6.0 = 0.99 mm to 8.8 * 0.67
mm."” Enlargement of the pituitary stalk was diagnosed when the
anterolateral diameter of the pituitary insertion of the stalk was
=2 SDs longer than its reported average in healthy individuals:



2.32 = 0.39 mm."® All MR images were evaluated in 3D in each

case.

Statistical Analysis
Interreader agreement was assessed using k statistics and was
interpreted as poor (k < 0.20), fair (k = 0.21-0.40), moderate
(k = 0.41-0.60), good (k = 0.61-0.80), or very good (k = 0.81).
Statistical analyses were performed using JMP software (Version
14.2.0; SAS Institute).

RESULTS

Patient characteristics and clinical data are summarized in Tables 1
and 2, respectively. The mean age of the participants was 55.7 years
(range, 30-86 years), and half of the patients were men. No female
patient was pregnant or in the postpartum state. All patients were
treated for stage III or IV melanoma, and the CTCAE grade was 3
in all cases. ICIs used for treatment were as follows: nivolumab
(anti-PD-1 monoclonal antibody, Opdivo; Bristol Myers Squibb) +
ipilimumab, 11/20 patients (55.0%); and ipilimumab alone, 9/20
patients (45.0%). Blood tests revealed endocrinologic abnormalities
such as thyrotropin deficiency (19/20 [95.0%]), corticotropin defi-
ciency 12/17 (70.6%), and gonadotropin deficiency (9/16 [56.3%]).
After the mean follow-up period of 21.4months (range, 2-

Table 1: Patient characteristics

Characteristic

Age (mean) (range) (yr) 55.7 (30-86)
Sex M/F=10:10

Follow-up period (mean) (range) (mo) 204 (1-62)
Clinical stage (No.)
=Il 0
1l 3
I\ 17
CTCAE grade (No.)
0-2 0
3 20
4,5 0
ICls (No.)
Ipilimumab + nivolumab 1
Ipilimumab 9
Main physical symptoms (No.)
Headache 13
Fatigue/malaise 3
Nausea/vomiting 2
Edema 1
Numbness 1
Loss of vision/visual field disorder 0
Diabetes insipidus 0
No symptom 0

Table 2: Hormone abnormalities

62 months), thyrotropin deficiency in 12/19 (63.2%) and corticotro-
pin deficiency in 10/12 (83.3%) patients persisted. Hormonal
replacement was administered to all patients, and it was continued
throughout the course in 17/20 (85.0%) patients.

The characteristics of MR imaging findings are summarized
in Table 3. Enlargement of the pituitary gland and stalk was
observed in 12 (60.0%) and 20 patients (100%), respectively.
Nineteen patients (95.0%) demonstrated geographic hypoen-
hancing lesions. All these geographic hypoenhancing lesions
were located in the anterior lobes; and 11/19 patients (57.9%)
showed hypointensity, 7 patients (36.8%) showed iso-intensity,
and 1 patient (5.3%) showed high intensity on T2WI. Contrast
dynamic MR imaging was performed in 2 patients, and pituitary
geographic hypoenhancing lesions were enhanced gradually,
showing a low intensity in T2WI. Representative cases are shown
in Figs 1-3. Four patients showed nonenhanced nodules between
the anterior and intermediate middle lobes of the pituitary gland,
indicating a Rathke cleft cyst, and all these patients had pituitary
geographic hypoenhancing lesions in the anterior lobes separate
from the cysts. T2*-weighted images were available for 12
patients with pituitary geographic hypoenhancing lesions, and
the blooming effect indicating hemosiderin deposition was not
observed in these patients. Interreader agreement was good or
very good for each factor (x = 0.64-1, Table 4). All patients
showed an improvement in physical symptoms with immuno-
therapy, including high-dose prednisone or interleukin-2, and/or
brief withdrawal of the ICIs. Previous MR imaging and follow-up
MR imaging were performed in 13 and 12 patients, respectively
(previous MR imaging: mean, 136 days [range, 53-375 days]
before; follow-up MR imaging: mean, 262 days [range, 20-949
days] after the MR imaging when ICI-H was diagnosed). All pre-
vious MR imaging in 13 patients and follow-up MR imaging in 8
patients were performed with contrast material, and the remain-
ing follow-up MR imaging in 4 patients was performed without
contrast material. Previous MR imaging showed no abnormal
findings, and follow-up MR imaging in all the patients who
underwent it confirmed the resolutions of the abnormal findings.

DISCUSSION

In the present study, we found that the MR imaging of ICI-H
demonstrated not only the nonspecific enlargement of pituitary
glands and stalks but also the characteristic geographic hypoen-
hancing lesions in the anterior lobe, and all but 1 patient showed
hypo- or isosignal intensities, respectively, in T2ZWI. These char-
acteristic and frequent MR imaging findings, along with the

Pituitary Hormone Last Follow-Up, Hormone Hormonal
Laboratory Reference Range Abnormalities (%) Abnormalities (%) Recovery (%)
Corticotropin deficiency ~ ACTH, 5-63.3 pg/mL 12/17 (70.6) 10/12 (83.3) 2/12 (16.7)
Thyrotropin deficiency ~ TSH, 0.30-5.50 plU/mL 19/20 (95.0) 12/19 (63.2) 7/19 (36.8)
Gonadotropin deficiency  FSH, 1.5-10.0 mIU/mL (male); 9/16 (56.3) 1/5 (20.0) -
2.0-131 mIU/mL (female)®
Diabetes insipidus Based on symptom 0/20 (0) — —

Note:—ACTH indicates adrenocorticotropic hormone; TSH, thyroid stimulating hormone; FSH, follicle stimulating hormone; mIU, milli-international units.

* Depending on age.
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patient being under treatment with ICIs, are useful for the diag-
nosis of ICI-H.

MR imaging is a recommended technique for diagnosing hypo-
physitis; particularly, gadolinium-enhanced pituitary MR imaging
has been reported to be useful for the diagnosis.”** However, pre-
vious studies have summarized MR imaging findings of ICI-H
as moderate to intense, with homogeneous enhancement and
enlargement of the pituitary gland with or without enlargement of
the pituitary stalk,>”'* which are nonspecific and common in
hypophysitis due to other causes.® !> Pathologic variants of hypo-
physitis include lymphocytic, granulomatous, immunoglobulin-4-
related, xanthomatous, and necrotizing.

Table 3: MR imaging findings

Finding No. (%)
Enlargement of pituitary gland 12 (60.0)
Gadolinium-enhanced MR imaging (n = 20)
Enlargement of pituitary stalk 20 (100)
Hypoenhancing lesions in the pituitary gland 19 (95.0)
High intensity on T2WI 1/19 (5.3)
Isointensity on T2WI 7/19 (36.8)

Low intensity on T2WI
Shape of hypoenhancing lesion (n =19)

11/19 (57.9)

Linear 8 (42.)
Nodular 4 (21)
Ring-shaped 1(5.3)
Irregular 6 (31.6)

Characteristic MR imaging findings are not established for
ICI-H.”? Of note, we found pituitary geographic hypoenhancing
lesions in all but 1 patient. More than half of these lesions showed
a low intensity on T2WI (57.9%) without blooming effect in all
patients with T2*-weighted imaging, which is suggestive of fibrosis
rather than necrosis, cystic degeneration, or hemorrhage as seen in
a few patients with lymphocytic hypophysitis, xanthomatous hypo-
physitis, and necrotizing hypophysitis.'”*' Two patients showed a
gradual enhancement consistent with the low signal intensity on
T2WI, which is also supportive of fibrosis. On the contrary, 1
patient with a pituitary geographic hypoenhancing lesion (5.0%)
showed a high intensity on T2WI, suggesting a cystic change, but
taking into consideration the postmortem report of tremelimumab
(anti-CTLA4)-induced hypophysitis by Caturegli et al,” it seems to
be a necrosis rather than a cystic change. On the basis of the MR
imaging findings mentioned above, we speculate that ICI-H has a
unique tendency to cause fibrosis and rarely becomes necrotic.

Furthermore, we discuss the distribution and morphology of
pituitary geographic hypoenhancing lesions. It is well-established
that in patients with ICI-H, the anterior lobe of the pituitary
gland is mainly involved, whereas the involvement of the poste-
rior lobe is less frequent.** Therefore, in the present study, all
pituitary geographic hypoenhancing lesions were localized in the
anterior lobe. Although the existence of pituitary geographic
hypoenhancing lesions was previously unknown, this MR imag-
ing finding could be retrospectively found in some case reports;

»
'

FIG 1. A 3l-year-old man receiving ipilimumab for stage IV melanoma with hypothyroidism and headache for a week. Contrast-enhanced coro-
nal dynamic MR imaging demonstrates an enlarged pituitary gland and stalk and a gradually enhanced bilateral ring-shaped hypoenhancing lesion
(precontrast [A]; 15, 45, and 90 seconds after contrast medium injection [B-D]; arrows indicate lesions). The lesion shows mild hypointensity on
the T2-weighted coronal image (E, arrows). Contrast-enhanced sagittal MR imaging shows the hypoenhancing lesion in the anterior lobe

(F, arrow).
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FIG 2. An 82-year-old woman receiving nivolumab plus ipilimumab for stage IV melanoma with corticotropin deficiency, hypothyroidism, and
headache for 9 days. Contrast-enhanced 3D-MR imaging (90 seconds after contrast medium injection) demonstrates an enlarged pituitary gland
and stalk and an irregularly shaped hypoenhancing lesion in the anterior lobe (A, sagittal reconstruction; B, coronal reconstruction, arrows). The
lesion shows mild hypointensity on T2WI (C, arrow). The lesion is gradually enhanced in contrast-enhanced 2D sagittal MR imaging performed
90 more seconds after the 3D MR imaging (D, arrow).

FIG 3. A 40-year-old woman receiving nivolumab plus ipilimumab for stage IV melanoma with corticotropin deficiency, hypothyroidism, and
hand edema for 10 days. Contrast-enhanced 3D-MR imaging (90 seconds after contrast medium injection) demonstrates an enlarged pituitary
gland and stalk and bilateral linear hypoenhancing lesions (A, sagittal reconstruction; B, coronal reconstruction, arrows). These lesions show
hypointensity on the T2-weighted coronal image (C, arrows), and gradual enhancement is demonstrated in contrast-enhanced 2D coronal MR
imaging performed 90 more seconds after the 3D MR imaging (D, arrows).

Table 4: Interrater reliability between 2 raters prognosis, prolonged hormonal replacement is required for

MR Imaging Finding K patients with ICI-H in general, especially for corticotropin defi-
Pituitary height 0.8326 ciency, and multidisciplinary follow-up should be performed.14
Stalk thickness 0.9136 According to the review by Albarel et al,'"* in 2019, corticotropin
Homogeneity of enhancement L deficiency and thyrotropin deficiency persisted in 63/72 (84.9%)
Hypoenhancing lesion 0.6429° o . . . .
Shape 0.8535 and 34/75 (45.3%) patients, respectively, during the last follow-up;
SignF;l intensity in T2WI 0.8077 and long-term hormone replacement was needed in patients with
Location (AP) 1 ICI-H. These findings are consistent with the findings of this study,
Location (RL) 0.8462 in which corticotropin deficiency and thyrotropin deficiency per-
Pattern of enhancement 1

sisted in 10/12 (83.3%) and 12/19 (63.2%) patients, respectively,

Note:—AP indicates anterior-posterior; RL, right-left.

®The difference in judgment between the 2 raters was observed only in 1 case
(rater 1,19/20 versus rater 2, 18/20); this was subsequently arbitrated by a third
radiologist as positive for a hypoenhancing lesion.

for example, 1 of the 3 patients in the report of Carpenter et al,'

1 patient in the study of Albarel et al,"*

and 1 patient in the study
of Caturegli et al> demonstrated pituitary geographic hypoen-
hancing lesions in the anterior lobe of the pituitary gland. The pi-
tuitary geographic hypoenhancing lesions showed a variety of
shapes, probably due to differences in the distribution of fibrosis

and necrosis in each patient. In terms of endocrinologic

throughout the study period. The high frequency of anterior hypo-
pituitarism and the rarity of diabetes insipidus seem to correlate
with the high frequency of anterior lobe involvement in ICI-H.

In the present study, ipilimumab was used in all patients, and it
was given as a combination therapy with nivolumab in 10/19
patients (52.6%). Immune-related adverse effects are caused by
injury to the target organ by a combination of autoreactive T-cells,
autoantibodies, and/or proinflammatory cytokines, but the fre-
quency and extent of adverse reactions varied between drugs."
ICI-H is observed more frequently (3.2%) with CTLA-4 inhibitors
than other ICIs, and the expression of CTLA-4 on normal pituitary
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cells is expected to be the underlying cause.>*> The frequency of
PD-1 inhibitor-induced hypophysitis is low at 0.4%, whereas the
frequency of hypophysitis caused by combination therapy (ipili-
mumab plus PD-1 inhibitors) is higher at 6.4%.> Furthermore,
hypophysitis associated with combination therapy or ipilimumab
alone is more frequently high-grade (=3) in CTCAE than with
PD-1/PD-L1 inhibitors.”**” Consistently, the CTCAE grade was 3
for all patients in the present study.

According to the review by Larkin et al,”” the frequency of high-
grade-versus-low-grade ICI-H was 1.0% (3/313) versus 6.1% (19/
313) for combination therapy (nivolumab plus ipilimumab) and
1.9% (6/311) versus 1.9% (6/311) for ipilimumab alone. Thus, it is
likely that more than an equal number of patients with potential
low-grade (CTCAE grade =2) hypophysitis existed during the cur-
rent patient enrollment period but were not diagnosed because their
conditions were clinically and endocrinologically mild. Further stud-
ies on the MR imaging findings of ICI-H in patients with low-grade
hypophysitis are needed in the future.

This study had the following limitations: First, histologic confir-
mation of the pituitary gland was not performed. However, the
possibility of other types of hypophysitis or tumors is low, because
all patients developed physical symptoms during or immediately
after the immunotherapy with ICIs, and the symptoms improved
with additional immunotherapy or withdrawal of ICIs. In addition,
none of the patients with previous MR imaging showed abnormal
findings in the pituitary gland, and all patients with follow-up MR
imaging showed the resolution of the abnormal findings. Second,
the frequency of pituitary geographic hypoenhancing lesions in
hypophysitis due to other causes was not examined. To the best of
our knowledge, there are no reports in the literature of a high inci-
dence of poorly enhanced areas and fibrosis in hypophysitis due to
other causes. Third, patients with low-grade ICI-H with a CTCAE
grade of =2 were not included in the present study. Therefore, the
frequency of MR imaging findings, such as pituitary geographic
hypoenhancing lesions, might be different in patients with low-
grade ICI-H. Finally, all patients included in the present study
were administrated ipilimumab-containing therapies, but one case
series including 4 patients have reported that patients with PD-1/
PD-L1 blockade-induced hypophysitis did not show any abnor-
malities in MR imaging.”® To clarify whether “pituitary geographic
hypoenhancing lesions” are unique to ipilimumab, further studies
investigating ICI-H associated with other ICI therapies are needed.

CONCLUSIONS

Contrast MR imaging of ICI-H frequently demonstrates T2-
weighted low-intensity pituitary geographic hypoenhancing lesions
in the anterior lobe of the pituitary gland. These characteristic and
frequent MR imaging findings may reflect fibrosis and are useful in
distinguishing ICI-H from other types of hypophysitis and tumors.
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