Letter to the Editor

High-dose cyclophosphamide used to treat
aplastic anemia in a patient with respiratory
and food allergies has a prolonged effect on
serum IgE levels

To the Editor:

Food allergy is an increasingly common medical problem with no
treatment available other than avoidance. Novel therapeutic strate-
gies under investigation in research trials include anti-IgE anti-
bodies, oral and sublingual therapy, and modified vaccines.' 2 In this
case report, we followed a patient with a history of rhinitis, asthma,
and severe, persistent cow’s milk allergy who developed aplastic
anemia that was treated with high-dose cyclophosphamide (HiCy).

The patient was diagnosed with severe milk and beef allergy as an
infant. Over the years, he experienced multiple anaphylactic reac-
tions with minute accidental ingestions of milk. He later outgrew the
beef allergy, but the milk allergy persisted. He also developed
allergic rhinitis and asthma. He did well as long as he practiced strict
avoidance of all milk products. He otherwise tolerated a regular diet
including peanut, tree nuts, shellfish, fish, wheat, soy, and egg.

He was in his usual state of health until age 19 years when he
developed bleeding gums after a streptococcal-like throat infec-
tion with fatigue and syncope. On admission, a complete blood
cell count showed a hemoglobin level of 3.5 g/dL, platelet count
of 8000 K/cu mm, white blood cell count of 500 cells/cu mm, and
an absolute neutrophil count of 190. He was transfused with
packed red cells and platelets. A bone marrow biopsy showed
markedly hypocellular marrow with scattered erythroid islands,
lymphocytes, and plasma cells, but no myeloid elements were
identified and he was diagnosed with acquired severe aplastic
anemia. An HLA-matched donor was not available, and HiCy
treatment was initiated in mid-December 2009. His course was
complicated with neutropenic fever, but he otherwise tolerated
HiCy very well and his aplastic anemia is currently in remission.

In March 2010, he had an accidental ingestion of milk with
1 bite of a chocolate chip cookie. Within minutes, he developed
oral pruritus, shortness of breath, and facial urticaria. He was
treated with epinephrine and corticosteroids. In July 2010, he had
another accidental ingestion with a single bite of a cheese omelet.
Within minutes, he developed oral pruritus, facial urticaria, and
shortness of breath. He was treated with epinephrine and
diphenhydramine. In January 2011, he ate a shrimp stir-fry dish
at a Thai restaurant that was presumed milk free, but possibly
contaminated with peanuts and developed facial urticaria, oral
pruritus, and shortness of breath consistent with prior allergic
reactions. He continues to strictly avoid milk, but eats peanuts
1 time per month, tree nuts 2 times per month, and shellfish rarely
because of self-preference without any reactions.

Tables I and II provide a summary of various immunoglobulin
measurements, some dating back to 2003, at which time the
milk-specific IgE level, as measured by ImmunoCap assay, was
42.6 kU/L. This rose to 220 kU/L and peaked at 310 kU/L at the
time of his aplastic anemia diagnosis in December 2009. At that
time he had low-to-moderate levels of cat-, dog-, and dust mite—
specific IgE, a very low and clinically insignificant level of egg
white—specific IgE, and undetectable IgE to soybean and peanut.
Subsequent laboratory values at approximately 3 months and 6
months after HiCy treatment revealed about a 40% to 50% decline

TABLE I. Values for various immunoglobulin levels before and
after HiCy administration

Time relative

to HiCy Total serum Total serum Total serum Total serum Total IgE % of
treatment IgG (mg/dL) IgA (mg/dL) IgM (mg/dL) IgE (kU/L) 12/3/09 value
=57y ND ND ND ND ND

—8 mo ND ND ND ND ND

—1 wk 1060 152 102 679.2 100

+2.5 mo 632 69 22 45.8 6.7

+6 mo 522 56 27 21.4 3.2
+13 mo 565 64 60 183 26.9
+19 mo ND ND ND 96 14.1

ND, Not determined.

in total IgG and IgA levels along with an 80% decline in the IgM
level as well as a near-95% decline in total milk-specific IgE level.
Low levels of IgE to egg white and dust mite became undetectable,
while dog- and cat-specific IgE level declined by 80% to 90%. In-
deed, dog-specific IgE became undetectable about 6 months after
treatment, and cat-specific IgE remained barely detectable.

At 1 year following treatment with HiCy, IgM levels were
starting to return and total IgE levels rebounded to about 25% of
pretreatment baseline. However, IgE to cow’s milk remained at
5% of pretreatment levels, whereas dust mite IgE levels had
returned to baseline, and cat and dog IgE levels were increasing
but still markedly depressed. New specificities of IgE to egg
white, peanut, and soybean appeared. At 18 months post-HiCy
treatment, the total IgE level declined further to 14% of pretreat-
ment baseline, with cow’s milk, egg white, and peanut IgE
persisting, but at levels lower than at 12 months, and soybean IgE
increasing slightly, albeit at low levels. Also declining slightly
compared to levels at 12 months was specific IgE to dust mite, cat,
and dog. Thus, by 18 months after HiCy treatment, levels of
pre-existing total IgE, cow’s milk, dog, and cat IgE remained
remarkably reduced by 85% to 97%, while IgE production to egg
increased or remained relatively unchanged to dust mites. During
the same time period, new IgE recognizing soybean and peanut
appeared and persisted. In short, the HiCy treatment appears to
have reset his IgE responses to a variety of allergens. He continues
to eat egg and soy, but continues to avoid milk and peanut, the
latter because of dietary preference.

HiCy (200 mg/kg over 4 days) was initially developed as a
conditioning regimen for allogenic bone marrow transplantation.
Recently, HiCy without bone marrow transplantation has been
used as a method to induce remission in severe aplastic anemia
and other autoimmune disorders.>* HiCy is highly immunosup-
pressive, but not myeloablative. Early hematopoietic progenitors,
including stem cells, are relatively resistant to HiCy because of
their high levels of aldehyde dehydrogenase. However, T cells,
B cells, and natural killer cells are exquisitely sensitive to HiCy
because of their relatively low levels of aldehyde dehydrogenase.’
Relatively little is known about the sensitivity of plasma cells,
although there is 1 report that cyclophosphamide preferentially
affects IgE over all other isotypes of antibodies, consistent with
our findings.® Cyclophosphamide is well known to affect
Tyl-mediated disease, but limited data exist for allergic diseases.
Interestingly, in our patient, several specific IgEs became unde-
tectable, yet presumably because of the extremely high pretreat-
ment level of milk-specific IgE, this did not abate, and even
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TABLE Il. Values for various specific IgE levels before and after HiCy administration

Der pter

Der pter IgE % of

Soybean Cat dander Dog dander
IgE % of IgE % of

Peanut

Egg white

Cow's Cow's milk

Der f IgE %

IgE % of

IgE % of

IgE % of
12/3/09

IgE % of
12/3/09

milk

Time relative

to HiCy

12/3/09 Der f IgE of 12/3/09

IgE
(kU/L)

Dog dander 12/3/09
value

12/3/09
value

12/3/09 Cat dander

12/3/09 Soybean

Peanut
IgE (kU/L)

Egg white

IgE (KU/L)

IgE
(kU/L)

value

(kU/L)

value

IgE (KU/L)

value IgE (kU/L) value IgE (kU/L)

value

value

treatment

ND

ND

ND

ND
ND
22
0.8

ND
ND
<0.1
<0.1

ND ND

42.6
220
310

2

=57y
—8 mo
—1 wk
+2.5 mo
+6 mo

ND

ND

ND

22.5

ND
<0.1

ND

0.61 100 0.43 100
<0.1

<0.1

100

100

100

0.26

<0.1
<0.1

100

2.21 10

<0.1

36.4

<0.1

6.9

1.4

<0.1

<0.1

10.0

0.22
0.44
0.23

<0.1

<0.1

4.1

12.6

113 0.41 95
0.16

0.69
0.53

1.41

1.24

20.0

4020* 0.33 330%*

3680*

4.02
3.68

608
515

1.58
1.34

43

13.3
8.52

+13 mo

37

87

10.5

420%*

0.42

2.7

+19 mo

ND, Not determined.

*A pretreatment value of 0.1 kU/L was used for these calculations.
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after HiCy he continued to have food-related anaphylaxis to milk.
Although HiCy may reduce total and specific IgE levels for at
least 12 months, it may also reset IgE production. Indeed, our pa-
tient developed new IgE sensitizations, albeit of unclear clinical
significance. Whether the persistence of clinical reactivity is
due primarily to the residual amount of remaining milk-specific
IgE being produced by long-lived plasma cells,” IgE production
and its persistence in the mucosa,® effects on regulatory T cells’
or other factors less affected by HiCy cannot be determined.

In conclusion, to our knowledge, this is the first case that
demonstrates the effect of HiCy on IgE levels in an individual
with food and respiratory allergies and demonstrates prolonged
and marked suppressive effects on some pre-existing IgE levels
along with the appearance of new IgE specificities. At least for
milk, his clinical reactivity remained unchanged based on
accidental exposures, clearly demonstrating a disconnect be-
tween IgE levels and clinical reactivity. How long these changes
will persist, and their long-term clinical relevance, remains to be
seen.
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