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A follow-up on desiderosmia
(olfactory craving), a novel
symptom associated with iron
deficiency anemia

To the Editor:

As a sequel to our previous study,® we would like to further comment
on the topic of desiderosmia (olfactory cravings). We previously
described three patients with iron deficiency anemia (IDA) presenting
with symptoms of olfactory cravings, with compulsion to smell a vari-
ety of substances. We have designated the name, “desiderosmia,” for
this novel symptom. After treatment for IDA, the patients’ olfactory
craving symptoms resolved.

In this article, we reviewed English medical literature and the
World Wide Web to determine if such olfactory cravings associated
with iron deficiency anemia had been previously reported. We
searched the PubMed, Google, and Google Scholar to find publications,
reports, presentations, or testimonies of individuals in online blogs
using a combination of search terms including “nasal,” “olfactory,”
“smell,” “craving,” “iron deficiency,” and “anemia.”

Although this specific symptom has only been previously published
once in medical literature,* we did find a large number of online
patients self-reporting such a phenomenon potentially corroborating
our practice experience. Upon further exploration using Google search
engine, we came across a number of online blog posts, mostly in preg-
nancy blogs, in which participants described this unique symptom.?®
These women reported powerful cravings of olfaction, and were fre-
quently overtaken by a strong desire to smell certain odors. The types
of substances craved and their associated medical conditions (when
reported) are summarized in Supporting Information Table S1.

The effects of IDA on the olfactory system have only been mini-
mally explored. It is known that several key enzymes necessary for
proper olfaction such as neuronal nitric oxide synthase, tryptophan
dioxygenase, and tyrosine hydrolase require either heme or inorganic
iron for structure or activity.* In an animal study, iron-deficient rats
were observed to have prolonged exploratory time (sniffing) for attrac-
tive odorants compared to controls. The hypothesis was that IDA
decreased the activity of these enzymes resulting in a net reduction of
inhibitory olfactory inputs.® Another study compared the olfactory
function of IDA patients with healthy subjects and found a heightened
sensitivity (lower threshold) in detecting odorant among patients with
IDA. These reports support a plausible association between the physio-
logical changes in olfaction and iron store.

The mystery behind the pathophysiology of this symptom is a driv-
ing factor for further research and exploration. Additionally, it would be
interesting to investigate what factors potentially account for the

discrepancy between the volume of reports seen in online blogs and
those documented in clinical practice. Perhaps these symptoms are
being overlooked or not screened for in clinical encounters, and there-
fore leading to a misunderstanding of this symptom in practice. By
placing a name to this symptom, we hope to contribute to a better
understanding and recognition of these olfactory cravings by both

patients and physicians.
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TABLE 1 Characteristics of study populations

Primary (263)

Sex (F%) 41.4%

Onset (years, median) 0.77
Diagnosis (years, median) 1.09

BM aspiration 35.1%
G-CSF 6.9%

Severe infections 11.8%
Recovery 74.9%

SIgAD 3.0%

DAT+ 4.1%

ANC (median) at onset 0.45 x 10%/L
WBC (median) at onset 5.93 X 107/L
Leucopenia at onset 39.0%

AMC (median) at onset 0.62 X 10%/L
Monocytosis at onset 20.6%

ALC (median) at onset 4.36 x 10°/L
High 1gG at onset 6.5%
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Secondary (26) p

61.5% 0.049
10.07 1.12e-12
10.98 2.03e-13
65.4% 0.0024
23.1% 0.0045
40.0% 0.0001
7.7% 2.26e-12
13.6% 0.015
50% 1.37e-08
0.63 x 10%/L 0.035
248 x 107/L 2.81e-11
92.3% 1.80e-07
0.34 x 10°/L 9.89e-07
3.8% 0.039
1.58 X 10°/L 6.29e-11
45% 0.71

ALC, Absolute Lymphocyte Count; ANC, Absolute Neutrophil Count; AMC, Absolute Monocyte Count; BM, Bone Marrow; DAT, Direct Anti-globulin
Test; G-CSF, Granulocyte-Colony Stimulating Factor; IgG, Immunoglobulin G; SIgAD, Selected IgA Deficiency; WBC, White Blood Cells Count.

To the Editor:

Neutropenia is defined by a reduction of Absolute Neutrophil Count
(ANC). Among Caucasian people the lower normal limit of ANC in
children up to the age of 1 year is 1.0 X 10°/L, whereas from >1
year to adulthood it is 1.5 X 10%/L; neutropenia is defined as mild in
case of ANC between 1.0 and 1.5 X 10?/L, moderate with ANC
between 0.5 and 1.0 X 10°/L, and severe with ANC <0.5 x 10%/L.
Autoimmune Neutropenia (AIN) is due to auto-antibodies against
Human Neutrophil Antigens: the most frequent AIN in childhood is
the primary type (p-AIN),2~* whereas in adulthood AIN is mostly rep-
resented” by secondary neutropenia which can be associated with
infection, drug administration, immunodeficiency, neoplasm, bone
marrow transplantation (BMT) and autoimmune disorders.>>¢ No
specific study about AIN secondary to autoimmune diseases (s-AlIN)
in childhood has been published yet. In the present paper we
describe the natural history of 26 patients affected by s-AIN, whose
clinical characteristics were compared with those of a group of 263
children affected by p-AIN: all cases of AIN associated with infection,
neoplasm, BMT, drug administration and immunodeficiency other
than selected IgA deficiency (SIgAD) were excluded.

Some results are shown in Table 1, whereas more specific charac-
teristics of s-AlIN patients are presented in Supporting Information Table
S1; the median follow-up in p-AIN and s-AIN cohort was 1.30 years and
4.10 years respectively. A significantly higher prevalence of the female
sex in s-AIN was observed (P =.049). At appearance in p-AIN cohort
the median ANC was 0.45 x 10%/L (range 0-1.49 x 10?/L), and the
neutropenia was severe in 56.3%, moderate in 36.1% and mild in 7.6%,
whereas in s-AIN cohort the median ANC was 0.63 x 107/L (range

0.3-1.40 x 10%/L) and the neutropenia was severe in 42.3%, moderate
in 46.2% and mild in 11.5%: the difference of ANC at onset between
p-AIN and s-AIN was significant (P = .035) but there was no significant
difference in terms of type of neutropenias (from severe to mild)
(P=.3787). Median white blood cells count and median absolute
lymphocyte count (ALC) at onset were 5.93 X 10%/L vs. 2.48 X 10°/L
(P=2.81e-11) and 4.36 X 10°/L vs. 1.58 X 10°/L (P =6.29e-11) in
p-AIN and s-AIN patients respectively. In s-AIN all lymphocytes
sub-classes (CD3, CD19, CD4, CD8, CD56) were reduced as compared
to p-AIN, with CD19 more decreased than CD3 lymphocytes: the median
CD19 count was 0.242 X 107/in s-AIN group vs. 0.934 x 10%/L in p-AIN
group (P = 8.13e-10) whereas the median CD3 count was 1.385 x 10°/
in s-AIN group vs. 2.824 X 107/L in p-AIN group (P = 2.32e-06).
Leucopenia for age was more frequent in s-AIN vs. p-AIN (92.3% vs.
39.0%; P = 1.80e-07) whereas monocytosis for age occurred more often
in p-AIN vs. s-AIN (20.6% vs. 3.8%; P = .039).

The frequency of children who were born preterm and then devel-
oped p-AIN or s-AIN was 12.85% and 3.84% respectively: the preva-
lence of former preterm babies among p-AIN patients was significantly
higher than in a cohort of 487 children consecutively hospitalized for
various reasons in a pediatric center: 12.85% vs. 6.98% (P =.008362).
There was no significant difference comparing s-AIN and the same
group of control children (P =.5367).

The prevalence of SIgAD (confirmed in at least two dosages) was
3% in p-AIN and 13.6% in s-AIN children and both prevalences were
significantly higher than that observed (0.21%) in a group of 470
laboratory controls (P =.0009 in p-AIN and P = 7.23%e-12 in s-AIN):
the co-existence with SIgAD was significantly higher in s-AIN than in
p-AIN (P =.015). Increased level of IgG was found in 6.5% of p-AIN
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and 4.5% of s-AIN respectively (P =.71). Bone Marrow examination
was done in 35.1% of p-AIN patients and in 65.4% of s-AIN patients
(P=.0024) and in all but three p-AIN patients it showed normal or
increased cellularity: in these three children a moderate decrease of
myeloid cellularity was observed.

An infection was arbitrarily defined as “severe” in the presence of
a final diagnosis of sepsis, pneumonia, skin/soft tissue abscesses, oste-
omyelitis, otomastoiditis or meningitis/encephalitis: 11.8% of the p-
AIN and 40.0% of the s-AIN children suffered from severe infections
(P =.0001). Lymphocytopenia and the rarity of monocytosis might con-
tribute to the significantly higher infection load of s-AIN over p-AIN.

At the time of the analysis 74.9% of p-AIN and 7.7% of s-AIN
patients had recovered from neutropenia (P=2.26e-12). Only 2
children recovered from s-AIN: one was a patient with autoimmune
thyroiditis (AT) and celiac disease (CD) who, after starting gluten-free
diet recovered from AIN and the second one was a boy who recovered
from Evans Syndrome (ES). The Kaplan Meier recovery curve is shown
in Supporting Information Figure S1. Among p-AIN children with at
least 5 years of Follow-Up 94.1% had recovered from neutropenia.

Neutropenia appeared contemporarily to other autoimmune mani-
festations in 11/26 s-AIN patients (42.3%), appeared firstly in 8/26
patients (30.7%) (median and mean time of appearance of other
autoimmune signs: 440 and 987 days respectively) and later in 7/26
patients (26.9%) (median and mean time of appearance of s-AIN: 558.5
and 865.3 days respectively). In 8 s-AIN patients neutropenia remained
isolated, sometimes for 6-7 years, before the appearance of other
autoimmune manifestations. ES (11 patients) and AT (7 patients) were
the most common presentation of s-AIN. Some s-AIN children showed
a not previously reported association with growth hormone deficiency
(3), CD (2) and autoimmune encephalitis (1). Furthermore, in the s-AIN
cohort 14 patients showed positivity of antinuclear antibodies (ANA)
higher than 1:80, 6 patients presented an association with more than
one defined autoimmune disorder and in 4 girls neutropenia was in a
context of not defined autoimmune disease characterized by arthralgia
and ANA positivity.

Among s-AIN patients intravenous immunoglobulin and intravenous
or oral steroids were used in 10 patients with the goal of treating auto-
immune disorders other than AIN. Among children affected by ES 2 were
treated also with mycophenolate mofetil, one with rituximab and another
one with splenectomy. Furthermore, the girl presenting an autoimmune
hepatitis was treated with cyclosporine and mycophenolate mofetil. Anti-
biotic prophylaxis was never administered and Granulocyte Colony Stim-
ulating Factor was used in 6.9% of p-AIN and 23.1% of s-AIN patients
respectively (P = .0045): in all of them a rise in ANC was obtained.

In conclusion, p-AIN is in the vast majority of cases a benign and
self-limiting disorder typically occurring under 2-3 years of age
whereas s-AIN is a more severe disease, usually presenting after first 5

years of life and with a highly frequent tendency to become chronic.
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Allogeneic hematopoietic cell
transplantation in morphologic
leukemia-free aplastic state

To the Editor:

The presence of residual disease before allogeneic hematopoietic cell
transplantation (allo-HCT) in patients with acute myeloid leukemia
(AML) or myelodysplastic syndrome (MDS) is best assessed in a cellular
bone marrow. As a result, HCT is usually postponed until hematopoi-
etic recovery and resolution of aplasia. The available evidence for
safety and efficacy of HCT in morphologic leukemia-free aplastic state
is limited to sporadic case reports.)® The generalizability of the
available results is limited by potential publication bias because of suc-
cessful cases having a higher chance of being reported and published.
We adopted an unbiased approach and retrospectively reviewed the
transplant databases of two large transplant centers.

We limited our search to the period between January 2003 and
December 2016, and the transplant databases of both centers (Univer-
sity of Minnesota [Minneapolis, MN], Washington University [St. Louis,
MO]) were reviewed. The inclusion criteria were: (i) Age at the time of

HCT > 18 years, (ii) Diagnosis of AML or MDS, (iii) Bone marrow biopsy

WILEY-®

within 30 days prior to allo-HCT demonstrating aplasia in a morpho-
logic leukemia-free state. Aplasia was defined as bone marrow cellular-
ity <5% and red cell and platelet transfusion dependence. We did not
consider a minimum required aplasia duration or last treatment-to-HCT
interval. Patients with hematopoietic recovery after the last treatment
but aplastic (for any reason) on pre-HCT assessment were not included.
The cumulative incidence method was used to estimate relapse while
treating non-relapse mortality (NRM) as a competing risk, and to esti-
mate NRM while treating relapse as a competing risk. Kaplan-Meier
curves were used to estimate overall survival (OS) and relapse-free
survival (RFS). R 3.0.2 was used for analysis.

A total of 18 patients were included, representing 0.8% of all
1,666 patients in the two centers who underwent allo-HCT for AML or
MDS within the same time period. Table 1 shows patient and trans-
plant characteristics as well as outcomes. The median (range) age of
patients was 57 (24-73) years and 56% were males. Secondary AML
was the most common diagnosis (n=9, 50%, including 6 patients
transformed from MDS, 1 from aplastic anemia, 1 from myelofibrosis,
and 1 from chronic myelomonocytic leukemia), followed by de novo
AML (n= 6, 33%). The remaining patients had de novo MDS (nh= 3,
17%). Adverse-risk cytogenetic/molecular abnormalities were present
in 8 (44%) patients. The median (range) number of cycles of treatment
(including prior transplantation in four cases) before the development
of aplasia was 4 (1-24). The treatment immediately preceding
aplasia was intensive chemotherapy in 9 (50%; high-dose cytarabine: 2,
7 + 3: 3, 5+ 2: 1, Cladrabine + Cytarabine + Filgrastim + Mitoxantrone
[CLAG-M]: 1, Mitoxantrone + Etoposide + Cytarabine [MEC]: 1, ME:
1), hypomethylating agents in 5 (28%), and haploidentical natural killer
(NK) cell adoptive transfer following lymphodepleting chemotherapy in
four (22%) patients. At the time of HCT, 13 (72%) and 5 (28%) patients
were in first and second morphologic leukemia-free aplastic state,
respectively.

Transplant conditioning was reduced-intensity in 10 (56%) and mye-
loablative in 8 (high-dose total body irradiation [TBI]-based: 4) patients.
The donor was matched unrelated (MUD) in 10 (56%), matched sibling
in 5 (28%), and umbilical cord blood (UCB) in 3 (17%) patients. Three
(17%) transplants were cytomegalovirus (CMV) seronegative donor to
seronegative recipient. Graft-versus-host disease (GVHD) prophylaxis
was calcineurin inhibitor-based in 15 (83%) patients, anti-thymocyte
globulin (ATG) was used in 4 (22%) patients, and post-transplant cyclo-
phosphamide was used in 1 (6%) patient. Two (11%) patients received
sirolimus-based prophylaxis. The median (range) interval between the
last treatment and HCT was 53 (23-88) days and the median (range)
diagnosis-to-HCT interval was 3.8 (1.8-35.0) months.

There are six survivors (3+ months: 2 patients; 6+ months: 2
patients; 5+ years: 2 patients; all measured from allo-HCT). Primary
graft failure did not occur in any patient. The cumulative incidence of
grade II-IV acute GVHD by day 180 was 50 (25-75)% and chronic
GVHD did not occur in any patient. The cumulative incidence of
relapse at 6 months and 1 year was 18 (5-36)% and 25 (7-46)%,
respectively. Relapse-free survival at 6 and 12 months was 47
(22-68)% and 40 (17-62)%, respectively. The corresponding estimates
for OS were 65 (38-83)% and 38 (21-67)%. The cumulative incidence



