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Summary

Central diabetes insipidus (CDI) is a rare manifestation of acute myeloid leukemia (AML) with unclear etiology. When present,
CDIl in AML has most often been described in patients with chromosome 3 or 7 aberrations and no abnormalities on brain
imaging. In this case, we present a woman with newly diagnosed AML t(12;14)(p12;913) found to have diabetes insipidus (DI)
with partial anterior pituitary dysfunction and abnormal brain imaging. While in hospital, the patient developed an elevated
serum sodium of 151 mmol/L with a serum osmolality of 323 mmol/kg and urine osmolality of 154 mmol/kg. On history, she
reported polyuria and polydipsia for 5 months preceding hospitalization. Based on her clinical symptoms and biochemistry,
she was diagnosed with DI and treated using intravenous desmopressin with good effect; sodium improved to 144 mmol/L
with a serum osmolality of 302 mmol/kg and urine osmolality of 501 mmol/kg. An MRI of the brain done for the assessment
of neurologic involvement revealed symmetric high-T2 signal within the hypothalamus extending into the mamillary bodies
bilaterally, a partially empty sella, and loss of the pituitary bright spot. A pituitary panel was completed which suggested
partial anterior pituitary dysfunction. The patient’s robust improvement with low-dose desmopressin therapy along with her
imaging findings indicated a central rather than nephrogenic cause for her DI. Given the time course of her presentation with
respect to her AML diagnosis, MRI findings, and investigations excluding other causes, her CDI and partial anterior pituitary
dysfunction were suspected to be secondary to hypothalamic leukemic infiltration.

Learning points:

myeloid leukemia (AML).

e Leukemic infiltration of the pituitary gland is a rare cause of central diabetes insipidus (CDI) in patients with acute

e Patients with AML and CDI may compensate for polyuria and prevent hypernatremia with increased water intake.
e AML-associated CDI can require long-term desmopressin treatment, independent of AML response to treatment.

Background

Diabetes insipidus (DI) is characterized by hypotonic
polyuria and polydipsia. Central diabetes insipidus (CDI)
results from inadequate secretion of antidiuretic hormone
(ADH). Magnocellular neurons that produce ADH are
found in the hypothalamus, and storage and release of
ADH occur at the posterior pituitary (1). Acquired CDI

occurs with disruption of the neurohypophysis; known
causes include surgical trauma, vascular insults, local
infiltration, inflammation, and infection (1).

CDI is recognized as a potential complication of
malignancy through local invasion or metastasis. However,
it has rarely been observed with acute myeloid leukemia
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(AML) and when present, the majority of patients have been
found to have no abnormalities on brain imaging making
the etiology unclear (2). In previous case reports, CDI has
largely been observed with aberrations in chromosomes 3
and 7 (2). In the absence of definitive leukemic infiltration,
a number of mechanisms related to these chromosomal
abnormalities have been postulated to contribute to
CDI with hypotheses including (i) overexpression of the
nuclear transcription factor ecotropic viral integration
site 1 which may reduce and/or impair ADH, (ii) platelet
dysregulation which could limit circulating ADH levels
given 90% of peripheral ADH is platelet-bound, and (iii)
defective chemotaxis and neutrophil migration due to
reduction of GP130, a surface glycoprotein leading to
aberrant ADH function (2, 3, 4).

In this case, we describe a woman with CDI known
to have AML with cytogenetic findings that have not
previously been reported in patients with AML and CDI.
Her imaging findings revealed leukemic infiltration as the
most likely cause for CDI.

Case presentation

An 8l-year-old woman presented to the emergency
room with a 3-month history of 40-pound weight loss
and progressive fatigue. Pre-existing medical conditions
included hypertension, asthma, osteoporosis, and a
remotely resected melanoma. Her initial blood work
showed bicytopenia, and a bone marrow biopsy confirmed
the diagnosis of AML.

On her fourth day in the hospital, she developed an
elevated serum sodium. At this time, she had received
2 days of induction chemotherapy with cytarabine. No
other medications contributing to hypernatremia, such as
steroids, were prescribed. On further review of her clinical
history, she reported nocturia, polyuria, and polydipsia
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ongoing for 5 months preceding her hospitalization. In
the hospital, she had reduced independent access to water
resulting in an oral intake of around 2 L/day which was
likely less than her intake at home. Based on her clinical
history and biochemical parameters, she was diagnosed
with DI, and the endocrinology service was consulted for
etiological assessment of her DI.

Investigations

Her  complete  blood count (CBO) showed
leukocytosis  (22.5 x 10%/L) with numerous blasts
(7.3 x 10°/L), normochromic anemia (69 g/L), and
moderate thrombocytopenia (74 x 10°/L). Cytogenetics
on bone marrow biopsy revealed translocation of
chromosomes t(12;14)(p12;q13) and pathogenic variants
in NPM1, DNMT3A, and PTPN11. An MRI of the brain
for the assessment of neurologic involvement revealed
symmetric high-T2 signal within the hypothalamus
extending into the mamillary bodies bilaterally without
obvious enhancement, a partially empty sella, and loss
of the pituitary bright spot (Fig. 1). A lumbar puncture
showed no blasts.

In the hospital, she was found to have a serum sodium
of 151 mmol/L, serum osmolality of 323 mmol/kg, urine
sodium of 30 mmol/L, and urine osmolality of 154 mmol/
kg. After 4 pg IV desmopressin therapy, serum sodium
improved to 144 mmol/L, with a serum osmolality of 302
mmol/kg and urine osmolality of 501 mmol/kg. Further
workup including wurinalysis, anti-nuclear antbody
(ANA), anti-neutrophil cytoplasmic antibodies (ANCA),
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP),andironstudiestoassessforvasculitic,inflammatory,
and infiltrative causes of CDI were within normal limits.
Clinical symptoms and whole-body CT imaging were not
suggestive of infectious or granulomatous disease.

Figure 1

MRI of the brain showing symmetric high T2
signal within the hypothalamus extending into the
mamillary bodies bilaterally (A), a partially empty
sella and loss of the pituitary bright spot (B).
Image quality was degraded by motion artifact.
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Given the notable MRI findings, a pituitary panel was
completed:IGF-170png/L (13-73ng/L), luteinizinghormone
(LH) 7.0 IU/L (5.2-62 IU/L), follicle-stimulating hormone
(FSH) 27.5 TU/L (26.7-133.4 1U/L), thyroid-stimulating
hormone 0.71 mIU/L (0.35-4.94 mIU/L), thyroxine (T4)
7 pmol/L (9-19 pmol/L), adrenocorticotrophic hormone
(ACTH) 4.2 pmol/L (<10.1 pmol/L), prolactin 16.2 pg/L
(5.2-26.5 pg/L). Morning cortisol was low-normal (117
nmol/L, 252 nmol/L on repeat) with an appropriate
response to a 250 ng ACTH stimulation test (588 nmol/L).
The absence of a significant increase in LH and FSH in the
context of her post-menopausal status and low free T4 were
suggestive of partial anterior pituitary dysfunction.

Treatment

The patient completed an initial course of induction
chemotherapy with cytarabine and daunorubicin. The
oncology service additionally recommended twice weekly
intrathecal chemotherapy, of which she tolerated four
doses. Her post-induction bone marrow biopsy and flow
cytometry indicated disease remission. A repeat MRI of the
brain with gadolinium following chemotherapy showed
resolution of the previously noted T2-hyperintensity and
return of the pituitary bright spot (Fig. 2). Despiteresolution
on imaging, her CDI persisted requiring maintenance
on sublingual desmopressin 120 pg twice daily. Missed
doses of her desmopressin while in an intermediate care
facility caused a recurrence of her previous symptoms with
hypernatremia up to 158 mmol/L which resolved with
re-initiation of desmopressin therapy.

Outcome and follow-up

After being discharged from the hospital, she completed
two cycles of consolidation therapy with cytarabine and
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continued to be in remission. On 6-month follow-up, her
pituitary status remained stable with levothyroxine and
desmopressin replacement therapy.

Discussion

The patient’s robust improvement in symptoms and
biochemistry with desmopressin therapy along with her
MRI findings suggested a central rather than nephrogenic
cause for her DI. CDI has been uncommonly seen in
association with AML, with approximately 100 case studies
reported worldwide (2, 5). When present, it has largely
been observed with aberrations in chromosomes 3 and
7 (2). Ladigan et al. completed the largest case review to
date of 51 patients with AML-associated CDI. The median
age at diagnosis was 48 years old. Cytogenetic analysis
was performed in 41/51 of these cases which showed
monosomy 7 as the most prevalent aberration in 75.6%
of cases followed by inversion (3)(q21q26) in 46.3% of
cases. Only 19.5% of cases had neither of these mutations
(2). To the best of our knowledge, no previous case reports
have associated CDI and AML with t(12;14)(p12;q13)
cytogenetics, as seen in this patient.

CDI associated with AML may be underrecognized;
in this case, the patient’s CDI was only identified after
she developed hypernatremia in hospital prompting
symptom review and subsequent identification of months
of preceding polyuria and polydipsia. Her outpatient
sodium levels were previously normal suggesting the ability
to compensate when she had ready access to water. In the
hospital, she was unable to independently access water;
as such, she likely had a reduced oral intake of water as
compared to home causing her sodium levels to increase.
In Ladigan et al’s review, the majority of patients were
diagnosed with CDI +2 months from the time of diagnosis
of their myeloid malignancy (2). Here, the patient’s polyuria
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Figure 2

MRI of the brain showing resolution of the
previously seen increased signal at the
hypothalamus and mamillary bodies on
T2-weighted image (A) and return of the pituitary
bright spot (B) following chemotherapy.
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and polydipsia preceded her AML diagnosis by 5 months as
one of her first symptoms but were only identified at the
time of her hospitalization. This further suggests that in this
case, the patient’s DI was not secondary to chemotherapy
with cytarabine which has been reported previously as a
rare cause of nephrogenic DI (6).

When diagnosing DI, the presence of hypotonic
polyuria (>50 mL/kg of body weight/24 h) and polydipsia
(>3 L/day) should be confirmed and interpreted against
plasma osmolality and serum sodium (1). In the
assessment for CDI, a water deprivation test can be utilized
to indirectly assess if ADH can be appropriately activated.
If urine osmolality remains <300 mOsm/kg following a
period of dehydration with an elevated serum osmolality
>290 mOsm/kg, this suggests that the patient is either
not secreting enough ADH as in the case of CDI or not
responding to ADH as in the case of nephrogenic DI (1). To
help differentiate between central and nephrogenic DI, a
desmopressin challenge may be completed. Desmopressin
is an exogenous synthetic ADH analog. If in the presence
of desmopressin, the patient is able to concentrate urine
(urine osmolality increases by >50%), it is suggestive of
central DI as the kidneys responded to the ADH analog (1).
However, nephrogenic DI is also a possibility if the kidneys
remain partially responsive to ADH (1). If the etiology of DI
remains unclear in the clinical context, a serum copeptin
measurement may be taken. Copeptin is the C-terminal
segment of the ADH prohormone and reflects ADH
concentration. If the copeptinlevelis >21.4 pmol/Lwithout
prior thirsting, then CDI can be ruled out (1). This patient’s
CDIwas diagnosed based on her clinical history of polyuria
and polydipsia, laboratory findings of hypernatremia and
hypotonic urine which were significantly improved with
desmopressin, and supporting imaging findings. Further,
water deprivation testing was not undertaken to avoid
discomfort in the context of a strongly suggestive history.

Interestingly, the majority (61.4%) of patients with
AML-associated CDI have no abnormalities in brain
imaging (2). In this case, MRI revealed a symmetrical
high-T2 signal in the hypothalamus, a partially empty
sella, and loss of the pituitary bright spot. While the loss of
the pituitary bright spot by itself is a non-specific finding,
a partially empty sella and symmetric enhancement at the
hypothalamus is rare (1, 2). We found only one other study
which showed symmetrically enhanced lesions in the
hypothalamus in a patient with myelodysplastic syndrome
and CDI (7). Although uncommon, previous autopsy
studies have shown evidence of peri-pituitary leukemic
infiltration in patients both with and without clinical
CDI (8, 9). However, the absence of supporting imaging
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findings in the majority of patients with AML makes
the pathogenesis of CDI unclear, and several alternate
mechanisms related to cytogenetic abnormalities have
been proposed as well (2, 3, 4).

In this case, the most likely mechanism for the
development of CDI and partial anterior pituitary
dysfunction is leukemic infiltration, with hemorrhage,
infection, or thrombosis of the small vessels of the
hypophysis (3, 5, 7). Supporting evidence includes the
time course of her presentation with respect to her
AML diagnosis, imaging findings, and investigations
excluding other causes. Our patient’s AML was responsive
to 743 induction therapy but her DI required ongoing
desmopressin therapy suggesting there may be chronic
deficits. As with most previously documented cases,
an improvement in symptoms was achieved with
desmopressin therapy (2, 3, 5, 7).

In summary, a careful endocrinological history and
workup are necessitated for patients with AML who
present with signs and symptoms of pituitary dysfunction.
Leukemic infiltration, though rare, may be a cause of
pituitary dysfunction.
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