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A B S T R A C T

While acute myeloid leukemia (AML) is the most common type of acute leukemia in adulthood, the constellation
of AML associated with central diabetes insipidus (CDI) is rare and typically occurs in patients with chromosome
3 or 7 abnormalities. This subgroup of AML is associated with a poor clinical outcome.

In this report, we present a young woman with AML and concurrent CDI in the presence of inversion(3)
(q21q26). The AML was refractory to the induction therapy “7+3”. Afterwards, the patient underwent allo-
genic stem cell transplantation (alloHSCT) and is still remaining in complete remission (CR) from AML as well as
CDI 440 days after alloHSCT.

Subsequently, in the largest study concerning patients with AML and CDI reported so far, we discuss addi-
tional cases from the literature. We demonstrated that patients with AML and CDI belong to the adverse
prognostic group and clearly benefit from alloHSCT.

1. Introduction

Acute myeloid leukemia (AML) is the most common type of acute
leukemia in adulthood with a yearly incidence of approximately 20,000
newly diagnosed patients in the United States and 18,000 in Europe
[1,2]. The constellation of AML and central diabetes insipidus (CDI) is
extremely rare with currently about 100 published case reports
worldwide. While the first description of leukemia related CDI dates
back to 1970 [3] and the earliest publication of AML with CDI was
released in 1984 [4], the underlying pathomechanism still remains
unknown. Common characteristics of patients who suffered from AML
with CDI were associations to monosomy 7 and inversion(3)(q21q26)
and an overall poor response to (chemo)therapy resulting in poor out-
comes.

Here, we report a young woman who suffered from AML with CDI
and is still remaining in complete remission (CR) from AML as well as
CDI 440 days after allogenic hematopoietic stem cell transplantation
(alloHSCT). Furthermore, we review 50 previously reported cases of
myeloid malignancies with CDI with a focus on cytogenetics as well as
therapy and desmopressin response. To the best of our knowledge, this
is the most comprehensive analysis of AML with CDI.

2. Case presentation

A 28-year-old Caucasian woman (height 163 cm, weight 96,3 kg)
presented to her primary care physician in January 2017 with pro-
gressive fatigue, exertional dyspnoea, polyuria, and polydipsia (8–10 l/
day). Except for a general paleness, the physical examination did not
show any remarkable findings. The CBC displayed a bicytopenia with
WBC of 4.6×103/μl, hemoglobin of 5.6 g/dl and platelet count of
54× 103/μl. No blasts were observed in peripheral blood smears. Of
note, megakaryoblastic fragments were detected in peripheral blood.

Bone marrow aspiration and biopsy revealed an unusual histological
constellation: On the one hand CD34 and CD33 positive blasts were
present in 20–30% of the bone marrow, fulfilling the criteria of acute
myeloid leukemia. Additionally proliferating, atypical megakaryocytes
in a hypercellular marrow could be detected. On the other hand, a
prominent myelofibrosis (grade II) was diagnosed (Fig. 1). In summary,
these findings led to the diagnosis of acute megakaryoblastic leukemia
(AML-M7).

Cytogenetic analysis revealed an inversion(3)(q21q26) in 9/10
metaphases. Fluorescence in situ hybridization (FISH) confirmed the
inversion and also demonstrated MECOM (=EVI-1) gene
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rearrangement in 39% of cells. Molecular genetic studies were negative
for FLT3-ITD, NPM1, IDH, and CEBRA mutations. HemaVision®
Multiplex RT-PCR test (DNA Diagnostic, Denmark) including 39 typical
AML translocations was also negative. Due to a positive family history
of myeloid malignancies (the patient's grandmother died of MDS), we
ruled out a germline inversion(3)(q21q26) in the course of genetic
counselling by analysis of lymphocytes during the neutropenia with
blast clearance in peripheral blood.

Pre-existing medical conditions were polycystic ovary syndrome
and hypothyroidism requiring thyroid hormone replacement. Since our
patient displayed typical clinical symptoms of diabetes insipidus (DI)
like extreme thirst and excretion of an excessive amount of diluted
urine, endocrinology service was consulted confirming the diagnosis of
CDI. Treatment with desmopressin (DDAVP) resulted in rapid im-
provement of DI symptoms. Cerebral MRI was performed, which
showed normal findings of the pituitary gland. In addition, a hypo-
physis insufficiency was excluded. Copeptin, that comprises the C-
terminal part of the AVP precursor (CT-proAVP), as surrogate marker
for arginine vasopressin release, was within the reference range
(7.62 pmol/l; ref. range 0.81–28.2). (Although it is necessary to take
into account, that the test could not be performed appropriately due to
the clinical intolerability of the required 8 hour dehydration.)

Subsequently, the patient was subjected to an initial course of
standard induction chemotherapy comprising daunorubicin (60mg/m2,
days 2–4) and cytarabine (100mg/m2, days 1–7) in February 2017. Day
14 bone marrow examination revealed blast persistence with 60% re-
sidual blasts.

We did not administer a second induction therapy but directly made
provisions for alloHSCT. After a conditioning chemotherapy with flu-
darabine, amsacrine, treosulfan, cytarabine and cyclophosphamide
(FLAMSA protocol [5]) we transplanted peripheral blood stem cells
from an unrelated donor with a 10/12 HLA match. One day before the
transplantation, upper gastrointestinal bleeding and sepsis occurred.
The patient had to be transferred to the ICU, where sepsis therapy in-
cluding mechanical ventilation followed over the course of two weeks.
As a result of therapy related comorbidities, acute cutaneous and in-
testinal graft-versus-host reactions grade III–IV occurred.

Currently, our patient remains in hematological and cytogenetic CR

over 650 days post-transplantation with consistently complete (100%)
donor chimerism. In conjunction with the complete AML remission, our
patient's CDI resolved completely and desmopressin treatment was
discontinued stepwise.

3. Materials and methods

We performed a comprehensive search of relevant published case
reports in the PubMed database. Restrictions were made on the pub-
lication language (English only) and age (children aged under 18 years
were excluded). A final update of the search was conducted in May
2018.

The Venn diagram demonstrating the proportions of cytogenetic
findings (Fig. 1) was generated using an online tool by Whitehead In-
stitute for Biomedical Research, Cambridge (http://jura.wi.mit.edu/
bioc/tools/venn.php).

Kaplan-Meier curves were plotted for both groups, AML patients
with CDI either receiving an alloHSCT or being treated with other
therapies, and they were compared with a log-rank test using GraphPad
Prism 5.03 software. In the group of patients who were treated with
other therapy options, those patients who were treated by best sup-
portive care only were excluded from analysis.

4. Review of literature

The coincidence of CDI with AML is extremely rare and has been
described in just about 100 cases worldwide whereas to the best of our
knowledge 50 cases in 31 publications were sufficiently evaluated
clinically and, for the most part, cytogenetically to be feasible for our
review of literature analysis (Table 1). About 50 cases from earlier
publications [3,6–8] were excluded for various reasons; mostly for the
frequent absence of differentiation between AML and ALL, the lack of
cytogenetical analyses as well as major differences in leukemia treat-
ment regimes.

While we focused our review of literature on adults over 16 years, 9
children with childhood myeloid malignancies were reported to have
suffered from CDI [9–17]. In close resemblance to adult cases, the
majority of juvenile cases (8/9) were also AMLs, with 1 of 9 children
being diagnosed with MDS. CDI was also mostly occurring as a pre-
senting feature (7/9 cases) and associated with Monosomy 7 (3/9
cases), in one case additionally with inversion(3)(q21q26), with the
limitation of only 5 cytogenetically analyzed cases. Furthermore, the
paediatric cases also had a poor disease remission rate of 22% and low
survival rates [9].

Altogether 51 adult patients with myeloid malignancies were in-
cluded (50 cases from 31 publications and the patient from our case
report). Hence, this is the largest study concerning patients with AML
and CDI reported so far.

The median age at diagnosis of adult patients who suffered from a
myeloid malignancy with CDI was 48 years (range between 16 and
74 years) with 58.8% being female. 88.2% of the patients (45/51) were
diagnosed with an AML; among these there were two cases of secondary
AML [4,18], one case of aplastic anemia with transformation to AML
[19] and two cases of MDS with transformation to AML [4,20]. 9.8% of
the patients were diagnosed with MDS (5/51) and one patient suffered
a CMML-2 [21].

Cytogenetical analysis was performed in 80.4% (41/51) (Fig. 1)
with monosomy 7 being the most prevalent aberration with 75.6% (31/
41); in one further case a deletion of the half of the long arm of chro-
mosome 7 (del7q22) could be detected [22]. The second most frequent
detected chromosomal aberration with 46.3% (19/41) was inversion(3)
(q21q26). Chromosome 3 aberrations were detected in 54.8% (17/31)
of patients with monosomy 7; 38.7% (12/31) had other cytogenetic
aberrations and chromosome 3 aberrations, whereas only two patients
with a normal karyotype harboured a chromosome 3 anomaly, one of
them is subject of this report. In 19.5% (8/41) neither of both

Fig. 1. Chloroacetate esterase stained section of a bone marrow trephine biopsy
at initial diagnosis (original magnification 200×): The severe marrow fibrosis
leads to partial crush artefacts of the bone marrow cells. The hematopoiesis is
severely dysplastic with a proliferation of small atypical megakaryocytes with
non-lobulated or bilobed nuclei which are singly dispersed (arrows) or grouped
(circle). Blast cells are diffusely intermingled and show delicate chromatin as
well as narrow cytoplasmatic rims (well preserved blasts marked with arrow-
heads).
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abnormalities was detected.
Regarding the onset of CDI in relation to the time of diagnosis of the

myeloid malignancy, the vast majority of patients (88.2%; 45/51)
suffered from CDI approximately (± 2months) at the time of diagnosis
of their myeloid malignancy. Two patients developed CDI one year after
being diagnosed with a myeloid malignancy and 4 patients developed
CDI as one of the first relapse symptoms.

For 90.2% (46/51) of the cases the response to a vasopressin analog
(mostly desmopressin) was documented: 95.7% of the patients showed
a significant improvement of CDI symptoms upon desmopressin treat-
ment, whereas one patient showed only a minor improvement [23] and
one patient did not improve with a vasopressin analog but responded to
fludrocortisone [24].

Brain imaging (mostly MRI) was performed in 86.3% (44/51) of the
cases with 61.4% (27/44) of the patients having no abnormalities with
the limitation of 8 patients being evaluated by CT imaging only with a
known lower sensitivity for detection of abnormalities in the pituitary
region. In 38.6% (17/44) of cases, the presence of an MRI and/or CT
abnormality could be detected. Pathologic imaging findings were
mainly the loss of the posterior pituitary bright spot [19–21,25] or a
nodular thickening/attenuation of the pituitary stalk [23,26–29]. Rarer
findings were the detection of an infundibular mass [30], detection of
an empty sella [4,31], detection of an infiltrative process in suprasellar
region [32] or symmetrically enhanced lesions in the hypothalamus
[24].

A precise assessment of induction chemotherapy response was
possible for 39 cases (76.4%). An induction therapy with either an
anthracycline (mostly daunorubicin) plus cytarabine (“7+3”) or high
dose cytarabine led to an initial complete remission (CR) with blast
clearance in 15.4% (6/39) of all reported cases [23,33–37], whereas
69.2% (27/39) AMLs were primarily resistant. Two patients received an
alternative induction therapy (high-dose daunorubicin or 6-TG) and
also did not show a disease remission. Three patients received best
supportive care and one patient died two days after diagnosis from an
accident.

Overall 64.7% (33/51) of all reported patients with AML and DI
were treated with other therapy options than alloHSCT, mainly by
different chemotherapy combinations [36,38]. Two patients (3.9%)
were treated with high dose chemotherapy and autologous stem cell
transplantation (autoHSCT) [36,38]. The outcome of this patient group
was extremely poor with only 5 patients being alive 12months after
diagnosis. In 22 of 33 cases the causes of death were documented. The
patients deceased mainly from severe infections (50%; 11/22), re-
fractory AML (27.3%; 6/22), a combination of both (18.1%; 4/22) as
well as rarer events like intracranial bleeding or pulmonary failure.

23.5% (12/51) of all reported patients with AML and CDI under-
went alloHSCT. Of 12 patients who were treated by alloHSCT, three
patients were reported to be alive and in CR 12months post-trans-
plantation [19,20,39]. Another case was reported to be alive and in CR
9months after alloHSCT [35] and one further patient had a CR after
alloHSCT but was lost to follow-up. Causes of death after alloHSCT
were refractory AML (n=2), infectious complications (n=3) and in
one case a chronic lung GVHD with progressive respiratory failure.

The 1-year survival rate of all documented AML patients with CDI
regardless of the chosen therapeutic option was 20.3%. Compared to
patients who were treated with other therapy options than alloHSCT -
mainly chemotherapy, but also two cases of autoHSCT - patients who
underwent an alloHSCT had a clearly better prognosis with 40% sur-
vivors 12months after AML diagnosis while in the group of patients
who were treated with other therapy options the 1-year survival rate
amounts only 10% (Fig. 2). The median overall survival (OS) was
6months for the entire cohort, with patients receiving an alloHSCT
surviving significantly longer with 13months, whereas the median OS
for patients who were treated with other therapy options was only
3months (p=0.0013). The hazard ratio for death in the alloHSCT
group versus the group of patients receiving other therapies was 0.3154

(95% CI, 0.156–0.6375) (Fig. 3).
For only 9 cases of AML with CDI an evaluation of the status of CDI

after a reached CR was documented. While 2 patients continued to
suffer from CDI with desmopressin dependence after reaching a CR, the
other 7 cases including our patient could discontinue with desmo-
pressin after CR since there were no signs of a persisting CDI.

5. Discussion

AML presenting together with CDI is a rare condition with a poor
clinical outcome and an unclear pathomechanism. The constellation of
AML with CDI is often referred to characteristic feature of “3q21q26
syndrome”. It is noteworthy that our literature analysis shows that al-
though the inversion(3)(q21q26) is a frequent aberration, it does not
appear to be an essential and single cause for AML with CDI, because in
about half of reported patients with AML and CDI this aberration could
not be detected. One of the repeatedly shared hypothesis for a possible
pathomechanism concerning the inversion(3)(q21q26) is its involve-
ment in overexpression of the nuclear transcription factor EVI1 [40].
The assumption is, that the interaction of EVI1 with other dysregulated,
undefined genes may lead to a reduction and/or impairment of vaso-
pressin (ADH) [41]. However, an experimental evidence for this puta-
tive interaction is lacking.

Monosomy 7 and inversion(3)(q21q26) were observed in 75.6% and

Fig. 2. Proportions of most prevalent cytogenetic findings in patients with AML
and CDI.

Fig. 3. Kaplan-Meier overall survival of patients with AML with CDI who either
received an alloHSCT (black) or were treated with other therapies (grey).
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46.3% respectively while the frequency of the two aberrations in gen-
eral AML patient populations is reported to be substantially lower with
3% and 1% respectively [42]. Our patient presented with an inversion
(3)(q21q26) only, supporting the approach that this cytogenetical
change is contributing to the development of DI with an unknown pa-
thophysiological link. But on the other hand, still 17.8% of reported
cases of AML with CDI had neither of those aberrations.

Our report contradicts the previously described associations be-
tween AML, CDI, and thrombocytosis in patients with chromosome
3q21q26 abnormalities. The second most common explanatory ap-
proach for a possible pathomechanism of AML with 3q21q26 abnorm-
alities is the observation that AML patients with 3q21q26 aberrations
frequently show a dysthrombopoeitic phenotype. Since 90% of per-
ipheral ADH is platelet-bound [43], it is assumed that the abnormal
platelets would limit the circulating ADH-levels resulting in CDI [37].
However, in our case the platelet count was decreased to 54× 103/μl.
Interestingly, megakaryoblastic fragments originating from small aty-
pical megakaryocytes in bone marrow (Fig. 1) could be detected in our
patients' peripheral blood. One possible explanation for the previously
reported frequently elevated platelets in AML patients with CDI might
be, that the elevated platelet counts in older reports could be caused by
technical ‘artefacts’ originated by use of impedance counters. Im-
pedance counters count platelets by the change in impedance they
produce during the passage through an electric field. The degree of
change is proportional to the volume of the cell. Platelets are separated
from erythrocytes by size, the cut-off being 30 fl. Cell fragments are
spuriously counted as platelets. Thus, falsely elevated automated pla-
telet counts may occur due to megakaryoblastic fragments that were
seen in peripheral blood smear at time of diagnosis of our patient.

CDI onset is variable but usually occurs as a presenting feature of
myeloid malignancies. In the majority of cases no imaging findings by
MRI or CT could be detected. A positive family history of myeloid
malignancies was documented in 2 of 30 cases: The grandmother of our
patient deceased from MDS; Lawrie et al. reported a case of a mother
and daughter with AML and CDI harbouring the same cytogenetic ab-
normalities (monosomy 7 and inversion(3)(q21q26)) [37]. However,
currently there is no clear evidence for hereditability.

According to the current international recommendations for AML
management, either of the frequent cytogenetic aberrations of AML
patients with CDI, monosomy 7 as well as inversion(3)(q21q26), are
classified as adverse prognostic factors [44]. The 1-year survival rate
for AML patients belonging to the adverse genetic risk group is ap-
proximately 25% [45], whereas the 1-year survival rate of all docu-
mented AML patients with CDI regardless of the chosen therapeutic
option was 20.3%.

Under the restriction of comparing data of a prospective large study
with restricted retrospective data and limited follow-up times, ac-
cording to our survival analysis it does not appear that an AML-asso-
ciated CDI has a clear additional poor prognostic implication. This
seems to contradict another publication by Harb et al. who hypothe-
sized that patients with AML, monosomy 7 and CDI had a significantly
worse outcome than patients with monosomy 7 but without CDI. The
demonstration was performed based on CR rates [25], here, we com-
pare OS rates, which is the more valid and reliable factor to estimate the
patient's outcome.

As expected, since widely demonstrated for AML of the adverse
prognostic group, there is a clear need for intensive upfront therapy
approaches. After an intensive induction therapy, if possible an
alloHSCT in the first CR appears to be the most favourable therapeutic
option for this unique patient-group. Our patient clearly benefited from
the promptly performed alloHSCT, remains in CR with consistently
complete (100%) donor chimerism over 1-year post-transplantation
and subsequently no evidence of CDI.

Our analyses are based on case reports and are retrospective. We
cannot rule out the bias that only patients with initially higher per-
formance status underwent alloHSCT. Therefore, the data should be

interpreted with caution.
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