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Background: High dose intravenous immunoglobulin (IVIG) has immunoregu- tion of Fc-mediated, antibody-dependent
latory and anti-inflammatory properties that might benefit illnesses with exagger-cellular cytotoxicity (ADCC), and inter-
ated IgE responses including atopic dermatitis and hyper-IgE immunodeficiencyerence with complement-induced cell

syndrome.

Objective: To determine if high-dose IVIG would be of benefit to patients with
severe atopic dermatitis and/or hyper-IgE syndrome using serial clinical, pulmoimportant component of the pathology
nary, and laboratory studies for evaluation.

Methods: This was an open label study in which we gave patients with hyper-lgEatopic dermatitis, and hyper-IgE syn-
syndrome (n= 1) or severe atopic dermatitis (@ 9) IVIG as a 10% solution

damagé:39-12
Since inflammatory changes are an

of several diseases such as asthma,

drome, high-dose IVIG (2 g/kg) might

(Venoglobulin I-Alpha Therapeutic Corporation, Los Angeles, CA) at a dose of 2be of benefit in these disorders. Mazer
g/kg every 30 days for seven infusions. and Gelfand treated eight patients
Results: Therapy was completed in nine of the ten patients. Skin disease imwith severe steroid-dependent asthma
proved slightly in six patients, remained unchanged in two patients, and worsenedith high dose (2 g/kg) intravenous
slightly in one patient. The average daily prednisone dosage was 6.8 mg/day pri@mmunoglobulin and found a 3-fold
to treatment and 5.1 mg/day during IVIG thera@y € .1250). The three patients decrease in both maintenance steroids
with abnormal pulmonary function showed very mild improvement of pulmonary and additional doses of oral corticoste-
function during treatment, but returned to baseline during follow-up. Flow cyto-roids needed. They also noted a signif-
metric studies showed no consistant pattern of change. IgA and IgM levels weriant reduction in serum IgE [from
unchanged. The mean serum IgE levels went from 322454 1U/mL (SD) before 324 = 100 IU/mL (SD) before treat-
IVIG to 2944 = 2491 |U/mL P = .4609) during IVIG and then to 2321 2229 ment to 133*= 57 IU/mL after treat-
IU/mL (P = .1484) during the 6-month follow-up period. In vitro IgE production of ment] and a significant decrease in cu-
peripheral blood mononuclear cells (PBMC) following IL-4 and anti-CD40 stimu- taneous IgE-mediated reactivity to
lation before IVIG was 6.6= 3.1 ng/mL (SD) and 4.3- 3.1 ng/mL P = .1641) antigens. Kimatat® also observed that
after six IVIG treatments. There were no significant trends in lymphocyte prolifer-eczema of patients treated with IVIG
ative responses to PHA (phytohemaglutinin), Candida, tetanus, and anti-CD3 mondsr immune thrombocytopenic purpura
clonal antibody. Radioallergosorbent (RAST) testing showed no clear changes froifiTP) and Kawasaki disease improved,

positivity to negativity.

along with a decrease in serum IgE

Conclusion: We conclude that IVIG was of no clear clinical benefit in these nine levels, blood eosinophil count, and in
patients and did not significantly decrease IgE levels, IgE synthesis, or othevitro spontaneous IgE production.

measures of immunologic function.
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INTRODUCTION

Intravenous immunoglobulin has been
used successfully for the past 15 years
in the management of primary and sec-
ondary antibody deficienciés® Dur-
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ing this period the value of high-dose
IVIG (2 g/kg) in the treatment of sev-
eral autoimmune and inflammatory
diseases has been proven (ie, immune
thrombocytopenic purpura, Kawasaki
disease) or proposed (ie, lupus ery-
thematosus, rheumatoid arthritisy.

The mechanisms of action of IVIG
in autoimmune and systemic inflam-
matory diseases may include inhibition
of antibody synthesis or function,
modulation of cytokine synthesis or
action, inhibition of immune activation,
decrease of immune complexes, inhibi-

In view of these encouraging results,
we undertook a study of high-dose
IVIG in patients with severe atopic
dermatitis and/or hyper-IgE syndrome
using serial clinical, pulmonary, and
laboratory studies as criteria for eval-
uation. Our results provide insufficient
evidence of therapeutic benefit.

SUBJECTS

The atopic dermatitis (== 9) and hy-
per-IgE (n= 1) patients ranged in age
from 7 to 64 years of age. The IgE
levels ranged from 176 IU to 8390
IlU/mL. The subject and/or parent or
legal guardian agreed to and signed an
informed consent for participation in
the clinical trial under guidelines ap-
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proved by the UCLA Human Subject
Protection Committee.

Entry criteria for patients with
atopic dermatitis included all of the
following:

(1) chronic or relapsing dermatitis
with short remissions

(2) involvement of skin areas>40
cn?

(3) severe pruritis with disturbed sleep
and/or excoriations

(4) failure of 6 months or more of
standard intensive therapy (eg, hy-
dration therapy, lubricants, topical
steroids, and antibiotics).

Entry criteria for patients with the
hyper-IgE syndrome included all of the
following:

(1) recurrent staphylococcal abscesses
of the skin, lungs, and joints

(2) coarse facial features

(3) serum IgE greater
IU/mL.

than 1000

MATERIALS AND METHODS
Venoglobulin-1 (10%) used in this trial
was provided by Alpha Therapeutic
Corporation (Los Angeles, CA) and is
derived from units of human plasma
that have been tested and found nega-
tive for hepatitis B surface antigen and
antibody to human immunodeficiency
virus and hepatitis C virus using FDA
approved assays.

All patients received infusions in the
UCLA clinical research center at
UCLA. They were infused with 2 g/kg
body weight of Venoglobulin-1 (10%)
once a month for seven infusions. If an
adverse reaction occurred, the rate was
reduced or the infusion was interrupted
until the symptoms subsided. The in-
fusion was then restarted at a tolerable
rate. One patient (a 47-year-old white
man with severe atopic dermatitis) de-
veloped a reaction that will be dis-
cussed later and withdrew after the
first infusion.

Prednisone doses were obtained by
review of weekly diaries. The severity
of the eczema was determined by a
skin score on physical examination
based on an ordinal scale ranging from
Oto 5:

0 = no dermatitis

1 = mildly dry skin, minimal ery-
thema, no sites of inflammation/exco-
riation, with minimal erythema

2 = small patches of eczema usually
on flexor/extensor areas; skin is glo-
bally dry

3 = moderate eczema with active
inflammation/exoriation that involves
larger areas of skin beyond the flexor/
extensor surfaces

4 = large patches of inflammed skin
involving all limbs; all areas had sig-
nificant excoriation/lichenification and
possible secondary infection

5 = Global eczema with inflamed
skin involving all limbs and trunk, ob-
vious secondary skin infection and
large patches of excoriation/lichenifi-
cation.

Laboratory studies performed on en-
rollment and at intervals throughout
the study included complete blood
count (CBC), blood chemistry tests,
hepatitis testing, and IgG, IgA, and
IgM levels. These were performed at
the UCLA Clinical Laboratories. IgE
levels were performed at Mayo Labo-
ratories by nephelometry.

Radioallergosorbent studies were
performed at three different laborato-
ries (Damon Labs, Clinical Labs, and
Physician’s Clinical Labs) throughout
the study and expressed as degrees of
reactivity. Results were placed into 5
classes of reactivity. A significant re-
duction necessitated a decrease of 2 or
more classes of reactivity.

Two color flow cytometry on periph-
eral blood mononuclear cells (PBMC)
was performed on a FACScanand
analyzed by Lysis Il software using stan-
dard methods. Weneasured the num-
ber and percentage of natural Killer
cells (CD56), monocytes (CD14), B
cells (CD20), total T cells (CD3), CD4
T cells, and CD8 T cells. These cells
were further assessed for their expres-
sion of CD23, the low effinity IgE
receptor. Ten microliters of the appro-
priate antibody [CD23-phycoerythrin
(PE) and fluorescein-isothiocyanate
(FITC)-labeled CD4, CD8, CD14,
CD20, or CD56] was added to each
tube. CD23 PE and monoclonal anti-
body tagged to FITC were added to the
cells for 30 minutes in the dark at 4 °C

and then washed twice. Cells were
fixed with 2% paraformaldehyde and
kept in the dark until analyzed.

In vitro IgE production by unstimu-
lated, IL-4, anti-CD40, and IL-4 plus
anti-CD40 stimulated PBMC was mea-
sured as reported previoush Cells
were cultured for 14 days.

Mitogen and antigen stimulations
were performed in standard fashion us-
ing 1 X 10° PBMC in 10% human AB
serum. Stimuli were PHA (Jug/mL),
OKT3 (1 ng/mL), Candida (50 and 10
ng/mL), and tetanus (2.5, and 1.2%/
mL). Phytohemaglutinin and OKT3 in-
cubation was three days and Candida
and tetanus was five days. After a
6-hour pulse with tritiated thymidine,
cells were harvested and counted in a
scintillation counter. Results are ex-
pressed as the stimulation index (mean
cpm in the presence of antigen divided
by the mean cpm in culture medium
alone).

Statistical Analysis

For analyses, IgE levels, IgE produc-
tion, prednisone dose, and skin scores
were collapsed into mean values be-
fore, during, and after treatment. Due
to the small sample size and non-nor-
mality of the data, each variable was
analyzed using the Wilcoxon signed
rank test to detect change in the vari-
ables of interest between successive
intervals!®1¢ IgE levels of one patient
(#126) were excluded because labora-
tory errors were suspected. The enroll-
ment IgE value of one patient (#127)
was omitted because of suspected lab
entry error. Standard deviation is used
throughout the text of this paper. Stan-
dard error of the mean bars are shown
in Figures 2 and 4.

RESULTS

Most of the atopic dermatitis patients
and the hyper-IgE patient tolerated the
IVIG infusions well. The most com-
mon complaints, as in other stud-
iesh17181%yere headache, myalgia, and
fatigue.

One patient (#121) with atopic der-
matitis developed hypertension during
his first infusion. This lasted 1 week.
He also developed mild desquamation
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of the hands that lasted for 3 months.
There was 3 hematuria that lasted

approximately 3 months and a tran-
sient increase in serum creatinine
(from 1.4 mg/dL to 1.7 mg/dL then

back to 1.5 mg/dL) and blood urea
nitrogen (from 15 mg/dL to 22 mg/

dL). A serum sickness-like reaction

was diagnosed and he was withdrawn
from the study.

Skin scores improved slightly in six
patients (#122, #123, #124, #125,
#126, #130), were unchanged in two
(#128, #129), and worsened slightly in
one (#127). These results, however,
were confounded by many factors.

The five patients (#124, #125, #126,
#127, #129) receiving systemic pred-
nisone at the onset of the study had a
mean initial prednisone dose of 6.8
mg/day and 5.1 mg/day during IVIG
therapy P = .1250). Prednisone dose
decreased in four patients (#124, #125,
#126, #129) during IVIG therapy, but
increased posttreatment in two of these
four (#125, #129); steroid dosage in-
creased in one (#127) patient during
treatment. Prednisone was started in

100

one patient (#128) during treatment
with IVIG.

The forced expired volume at one
second (FEY) and/or forced expira-
tory flow (FEF;s ;9 of three patients
were less than 85% predicted at the
onset of the study. Patient #123 had
hyper-IgE syndrome with severe
asthma and chronic lung disease. Pa-
tient #125 had atopic dermatitis and a
history of wheezing. Patient #124 had
atopic dermatitis but no history of prior
lung disease. All three showed mild
improvement of pulmonary function
during treatment, but their pulmonary
function returned to baseline after
IVIG treatment (Fig 1).

The IgE levels pre, during, and fol-
lowing-IVIG treatment in seven pa-
tients are shown in Figure 2. The se-
rum IgE level went from 3221 2454
IU/mL prior to treatment to 2944+
2491 IU/mL (P = .4609) during IVIG,
and to 2321+ 2229 IU/mL P =
.1484) during the followup period.
Seven of eight patients (#122, #123,
#124, #125, #127, #128, #130) showed
decreases in IgE during the treatment

90 %4175

80 K#124
70 t
60

50 |
¥¥125
40 1

Percent Predicted (%)

30 4

[
o

-
<

(=]

K#125

period; the largest decrease (patient
#123) was from 6878 to 2317 [U/mL.
Five patients (#122, #123, #124, #125,
#130) exhibited improvement in skin
scores (Fig 3), and two (#124, #125)
had a decrease in prednisone dosage
during IVIG.

In vitro IgE production by 1x 10
IL-4 and anti-CD40 stimulated PBMCs
went from a mean of 6.6 3.1 ng/mL
before IVIG to 4.3= 3.1 ng/mL after
IVIG (P = .1641). In vitro IgE produc-
tion decreased in five patients (#122,
#123, #126, #128, #129), increased in
three patients (#125, #127, #130), and
remained unchanged in one patient
(#124). Two patients (#122, #123) who
had decreases in IgE levels following
IVIG also had decreases in in vitro IgE
production and both showed improve-
ment in skin scores. One patient (#128)
had both a decrease in serum IgE and
IgE production, but skin scores remained
the same.

Flow cytometric studies showed no
consistent pattern of change in T cells
(CD3, CD4, CD8), B cells (CD20),
monocytes (CD14), or NK cells
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Figure 1. Pulmonary function tests of the three patients who began the study with abnormal results. There seemed to be a very slight improvement in FEV
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Figure 2. Mean IgE levels of the group as a whole. No significant decreases in IgE levels are noted when pretreatment levels are compared to during an
post-treatment IgE levels.
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Figure 3. Change in skin scores (++, 0, —) are noted at the top of the diagram for each patient listed on the x axis below. Bar graphs show the pre, during,
and post-treatment mean IgE levels for each patient.
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Figure 4. In vitro IgE production by IL-4 and anti-cdw40 stimulated PBMC’s shows no significant

decrease after 6 infusions of IVIG.

(CD56). CD23 is the low affinity IgE
receptor, so it was of special interest to
determine if any alteration occurred in
this receptor as a result of therapy.
CD23" expression varied from 63% to
85% of B cells pretreatment to 52% to
95% of B cells post-treatment in eight
of nine patients. In patient #125, 27%
and 32% of B cells were CD23pre-
treatment and post-treatment, respec-
tively.

There was essentially no expression
of CD23 detectable on T cells or nat-
ural killer cells. Monocyte CD23 ex-
pression was highly variable and no
pattern was seen with treatment.

T cell proliferative responses to
PHA, Candida, tetanus, and anti-CD3
showed no trends. Some fluctuations
of proliferative responses occurred
during IVIG therapy, but no consistent
pattern was discerned. All nine pa-
tients had normal proliferative re-
sponse to PHA (with a stimulation
index (SI) of 14.5 to 1588) and to
anti-CD4 (with a Sl of 50 to 1574).

{L4+Anti-CDw40

Five patients (#123, #126, #127, #128,
#130) showed a decreased PHA re-
sponse while on IVIG and three (#124,
#129, #130) showed a decreased re-
sponse to anti-CD4.
Radioallergosorbent testing was
done in all patients with two to four
antigens selected by history. A total of
28 tests were performed on the 9 pa-
tients. Prior to treatment, 24 of 28 were
positive. No significant change oc-
curred during or after treatment.

DISCUSSION

This study was done to determine if the
immunoregulatory and anti-inflamma-
tory properties of high-dose IVIG

would benefit patients with severe
atopic dermatitis and/or hyper-IgE
syndrome as indicated by improve-
ment of skin lesions, decrease in ste-
roid medication, improvement of

PFTs, or normalization of immuno-

logic abnormalities (ie, decrease in IgE
levels and IgE production).

Although changes of skin scores,
steroid dose, and PFTs showed trends
towards improvement, they did not
reach statistical significance. Labora-
tory studies such as IgE serum levels
and IgE production showed downward
but insignificant trends.

Our results differ from those of Ma-
zer and Gelfantin that we did not
note a significant decrease in oral pred-
nisone dosage. There was slight im-
provement in pulmonary function in
three patients but not to the extent that
Mazer and Gelfand reported. They
studied severe asthmatic subjects and
only one of our patients was a known
severe asthmatic. Our RAST testing
results are much less impressive than
the changes in cutaneous IgE-mediated
reactivity to antigen that they reported.
It is possible that IVIG affects skin test
reactivity to allergen without decreas-
ing IgE antibody levels. We, as
Kimata}® noticed a trend towards a
decrease in serum IgE levels and in
vitro IgE production, but our findings
were not significant. Unlike his pa-
tients, our patients had no remarkable
and/or sustained clinical improvement.

These results suggest no dramatic
clinical or laboratory improvement
with the use of IVIG in the treatment in
this group of patients. If used for the
exceptional refractory patient, an im-
provement in pulmonary function or a
significant decrease in IgE might be an
indication of improvement justifying a
longer course of treatment.
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