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Introduction

In this supplement issue of Vox Sanguinis, we wish to
report on the results of long-term treatment with intrave-
nous immunoglobulin (IVIG) in patients with AIDS-relat-
ed complex (ARC) and Walter-Reed stage 5 (WRS).

When the study was designed in 1986. the knowledge
about the pathogenesis of HIV-1 infection was limited. It
was known that AIDS represents the final stage of infection
with the retrovirus HIV-1, that progress of the disease is
characterized by marked decreases in T4 lymphocytes re-
sulting in inadequate cellular immune responses, and that
the ensuing opportunistic infections invariably lead to
death.

The following facts suggested that IVIG might have an
effect on the progression of the disease:

(1) Deficiencies of the humoral immune response as a
result of perinatal HIV infection responded to IVIG re-
placement therapy in a manner similar to primary immune
deficiencies [1, 2].

(2) Epidemiological findings and in vitro characteristics
of HIV-1 infection indicated that virus proliferation took
place in activated T4 lymphocytes; thus, prevention of
T cell activation by prophylaxis of infection was assumed to
interrupt or at least to delay the progression of the disease
[3].

(3) Thrombocytopenia, a symptom frequently associ-
ated with HIV-1infection, resembling an autoimmune phe-
nomenon occurring in other disorders, was known to re-
spond well to IVIG treatment. In fact, there were isolated
reports of IVIG having a benefical effect where such symp-
toms were associated with ARC [4, 5].

(4) Hybridization experiments had revealed that only a
minority of T4 lymphocytes was affected. This meant that
their destruction was not necessarily due to the cytotoxic

effects of the virus, and that autoimmune mechanisms
might play a key role [6].

Following a workshop held in Berne. Switzerland, dur-
ing which some 50 clinical scientists from all over the world
discussed the possible role of immunoglobulins in the treat-
ment of lymphoproliferative syndromes, mainly AIDS and
ARC [7], representatives of both the University of Colog-
ne, FRG, and the University of Berne, Switzerland, decid- N
ed to form a collaborative study group. The group’s goal
was to prospectively study possible effects of IVIG in pa-
tients with HIV-1 infection. After intensive discussions, a
protocol for a controlled, double-blind study in patients
with ARC and WRS was elaborated. It was anticipated that
30 patients from the cohort of outpatients who were regu-
larly cared for at the "Medizinische Klinik IT und Poliklinik’
and the “Universitits-Hautklinik™ of the University Hospi-
tal of Cologne, FRG, could be recruited within a few
months. Half of the patient group should receive IVIG
(Sandoglobulin®), the other half a placebo, both manu-
factured and supplied by the Central Laboratory of the
Swiss Red Cross Blood Transfusion Service, Berne, Swit-
zerland. Details of patient evaluations and treatment
schedules are reported in the paper of Schrappe-Bécher et
al. [8, this issue p. 3].

The study was started in the second half of 1987 and kept
the collaborative study group busy for more than two years.
During this time, over one million data were collected and
processed. The results of the clinical conditions of the pa-
tients before, during and after the treatment period are
summarized in the paper by Schrappe-Bécher et al. [8, this
issue p. 3]. In the second paper, Plum et al. [9, this issue
p. 15] describe their findings on the major histocompatibil-
ity complex class I-III allotypes in the treated patients. The
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virological parameters were monitored and evaluated by
Mertens et al. [10, this issue p. 21]. Krueger et al. [11, this
issue p. 30] present their results on cellular immunity. Lym-
phocyte proliferation studies, especially the responses to
herpes simplex virus, tuberculin antigen and mitogens are
summarized in the paper of Krickeberg et al. [12, this issue
p- 38]. The aspect of the complement receptor 1 on erythro-
cytes is described by Spycher et al. [13, this issue p. 44].
Spith et al. [14, this issue p. 51] on the other hand, studied
the complement profiles and the presence of circulating
immune complexes in the patient population. Finally, Heit-
mann et al. [15, this issue p. 59] comment on the statistical
evaluations of the study results.

Although sensational results did not appear during the

study, we would like to emphasize that this was the first
controlled, randomized, double-blind, longitudinal clinical
study in which the influence of long-term IVIG treatment
on clinical status and T4 cells was evaluated. The results
indicate that the clinical status of patients with advanced
HIV-1 infection can be improved by IVIG, although there
is little or no influence on the underlying impaired immu-
nity.

The papers on the following pages are a summary of a

joint and intensive effort of the participants of the trial, i.e.
the patients, the clinicians, the laboratory specialists and
the sponsor. All of their contributions are gratefully ac-
knowledged.

On behalf of the study group

.

B. A. Perret, P. Imbach and G. R. F. Krueger
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High-Dose Intravenous Immunoglobulins in HIV-1-Infected Adults
with AIDS-Related Complex and Walter-Reed 5
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Abstract. The influence of high-dose intravenous immunoglobulins (HD-IVIG) on the clinical status and T4 cell count
of adults with AIDS-related complex (ARC) and Walter-Reed 5 (WRS) was evaluated in a randomized double-blind
longitudinal study. Inclusion criteria were: (1) T4 cells <400/ul and (2a) oral thrush or cutaneous anergy or (2b) two
clinical ARC criteria (fever, diarrhea, weight loss, fatigue, night sweats). Thirty patients [28 males, 2 females, median age
4] (24-64) years] with ARC (n =8), WRS (n =12) and both (n = 10) were stratified according to their T4 cell count (= vs.
<300/ul). Fifteen patients received 0.4 g/kg body weight IVIG and 15 placebo (albumin 0.03%) every other week for
26 weeks with follow-up for another 26 weeks. The clinical status was defined as a score consisting of fever, diarrhea, night
sweats, fatigue, weight loss, oral candidiasis and mucosal or cutaneous herpes simplex. Clinical examination and routine
laboratory assessments were performed before initiation of the study and before each administration, lymphocyte
phenotyping every 4 weeks and cutaneous reaction, serology and lymphocyte stimulation every 12 weeks. Both groups
were comparable in initial clinical symptoms and laboratory values. Seven patients developed AIDS (treatment group:-3,
placebo group: 4), 1patient died by homicide. After 26 weeks, the clinical score (particularly fatigue and fever) was
significantly improved in the treatment group, while the T4 cell count and other clinical and immunological parameters
remained unaltered. This limited effect was still evident at termination of the study after 52 weeks. In conclusion,
HD-IVIG can improve the clinical status of patients with advanced HIV-1 infection without obviously correcting the
underlying impaired cellular immunity. The substitution of intact antibodies in the state of functional hypogammaglobuli-
nemia is suggested as possible therapeutic mechanism.

titative and functional abnormalities of T4 helper cells [6],
polyclonal B cell activation [7-9], impaired B cell function
[10, 11], immunoglobulin subclass deficiencies [8] and au-

Introduction

Advanced HIV-1 infection not yet complicated by oppor-

tunistic manifestations [AIDS-related complex (ARC), less-
er AIDS, stage CDC IVA or Walter-Reed 5 (WRS)] is char-
acterized by fever, diarrhea, weight loss, night sweats and
fatigue [1-5]. Pathophysiological dysfunctions suggest quan-

toimmune phenomena [12]. While in pediatric AIDS the B
cell defect is of major clinical importance [13-15], the signif-
icance of functional hypogammaglobulinemia in adults re-
mains to be elucidated. Recurrent bacterial infections [16-
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19] and reactivation of latent virus infections [20-24] may
exert an additional pathogenic effect on the immune system.
_, Parenteral administration of immunoglobulins is used
for antibody substitution in primary and secondary immu-
nodeficiency [25-27]. In addition, it may serve as an immu-
nomodulatory measure in idiopathic thrombopenic purpu-
ra and other autoimmune disorders [28-33]. Pathophysi-
ological concepts include an inhibition of Fc-receptor-
mediated removal of antigen-antibody complexes [34, 35],
a decrease in autoantibody production [36-39], a restitu-
tion of selective antibody defects [40] and an accelerated
catabolism of autoantibodies [41].

In HIV-1-infected children, high-dose intravenous im-
munoélobulins (HD-IVIG) are known as an effective

therapeutic principle in reducing the frequency of episodes -

of bacterial infections, fever and diarrhea [14, 15, 42-45]. In
adults, only few studies were done [44, 46—48] showing
encouraging results on the clinical course but without thor-
ough evidence of restitution of cellular immunity.

On this basis, we conducted a randomized and stratified
double-blind trial on adults with ARC and WRS to gain
further information on the effect of IVIG on clinical status
and immunological parameters.

Patients and Methods

The patients were selected according to the inclusion criteria listed
in table 1. HIV-1 infection was proven by two independent positive
HIV-1 antibody ELISA tests confirmed by indirect immunofluores-
cence or Western blot. Exclusion criteria were: (1) drug addiction;
(2) AIDS according to the CDC criteria [49]: (3) thrombocytopenia
<100 x 10° cells/l.

Randomization and stratification were done according to T4 cells =
or <300/ul. ‘

The patients were 24-64 years old (median 41 years), 28 males and
2 females. 28 patients were male homosexuals, 1 patient was infected by
heterosexual transmission, 1 by blood products.

The experimental (group A) and control group (group B) consisted
of 15 patients each. Both, the treatment and observation periods lasted
6 months; at the end of the treatment period (day183; fig.1), both
groups were blindly evaluated according to their clinical score and
absolute T4 cell number in order to decide about early discontinuation.

The discontinuation criteria for individual participation in the study
were defined as: (1) patient’s intention (none): (2) insufficient compli-
ance (1case): (3) progress to AIDS (7 cases); (4) development of dis-
orders representing a well-recognized indication for immunoglobulin
therapy such as thrombocytopenia <50 x 10°/ul or life-threatening in-
fections (none). The administration of two additional immunoglobulin
doses of 0.4 g/kg body weight were allowed without discontinuating the
study.

The general criteria for study discontinuation were defined as: (1) 6
or more cases of AIDS developing during the study with a prevalence
of 1:5 or 0:6 in one group (to be checked blindly after the 6th AIDS
case) and (2) decision of the study group.

Treatment period Observation period
~eRLRBA2NTES

-

. 288883
e SEEBRENIGIEEEE FH T E S

|< . A

Application of

study medication
Control examination
Main examination o x x % x

! ]

Initial examination Double-blind evaluation of the two
evaluation parameters

XXAIXXZXXXAXXXXX

Fig.1. Study design. A =IVIG group; B = placebo group.

Tablg 1. Inclusion criteria (all 3 criteria had to be fulfilled)

(1) Proven HIV-1 infection
(2) Clinical status:
(a) WRS defined as [5]: T4 cells < or =400/ul
and
Cutaneous anergy or oral thrush
or
(b) ARC defined as [1. 3]: at least two clinical symptoms
(2 weeks in the last 3 months):
Fever (>38°C)
Diarrhea (>5 movements/day)
Weight loss (>5 kg)
Fatigue (inability to work)
Night sweats
and
Two of three laboratory criteria:
T4 cell count <400 cells/ul
T4/T8 ratio <1.0
Hemoglobin < 110 g/l or leukocytes < 3,000/l
(3) Written informed consent of the patient

Table 2. Score used to evaluate the clinical status

Symptoms Points

0 2
Fever <38°C >38°C
Diarrhea <S5/day > 5/day
Weight loss <5kg >5kg
Fatigue ability to work inability to work
Night sweats not present present
Stomatitis not present present
Herpes infection not present present
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Medication (fig.1)

In the treatment group 0.4 g/kg body weight IVIG (Sandoglobu-
1in®) prepared by the Central Laboratory of the Swiss Red Cross Blood
Transfusion Service were administered. In the placebo group, an equiv-
alent volume of 0,03% albumin solution exhibiting equal color and
viscosity as IVIG was given. In both groups it was given intravenously
13 times, once every 2 weeks. from days 1-169.

Evaluation (fig.1)

The clinical score and absolute T4 cell count were used to evaluate
the therapeutic efficacy. The clinical score consisted of seven symp-
toms, as shown in table 2. Weight loss was reported in relation to the
initial body weight before weight loss started. All other symptoms were
evaluated as 2 points, when they were present on more than 7 days in
the last 2 weeks. Herpes stomatitis was only counted as herpes infection
and not additionally as stomatitis. The clinical score was assessed every
2 weeks, lymphocyte phenotyping every 4 weeks. The development of
AIDS did not serve as an evaluation parameter because of its low
probability of significant differences during the observation time in a
small group of 30 patients.

Additionally, serum protein, gamma globulins, immunoglobulins
(IgG. IgM. IgA), T4 and T8 percentages. T4/T8 ratio. skin testing.
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
fB--microglobulin, LDH. hemoglobin, leukocytes. neutrophils. plate-
lets. haptoglobin. and further parameters described in the articles of
Krueger et al. [50]. Mertens et al. [51]. Krickeberg et al. [52]. Plum et
al. [53]. Spycher et al. [54] and Spith et al. [55] in the issue were
assessed. Determination of lymphocyte subsets was done by use of
monoclonal antibodies (OKT4 and OKT8, Ortho Diagnostic Systems,
Neckargmiind, FRG) and cytometry (Ortho Spectrum III, Ortho Diag-
nostic Systems. Neckargmiind, FRG). For further references see
Krueger et al. [50].

The clinical course was additionally described by the indices of
Spitzer et al. [56] and Karnofsky and Burchenall [57]. For statistical
methods, in particular models of extrapolation of censored data, see
Heitman et al. [58] in this issue.

Results

Patients

Initially, only patients with ARC were included. After
8 months, 8 patients were enrolled, and the inclusion crite-
ria were extended to WRS in order to obtain 30 patients in
an acceptable period of time. The patient characteristics of
both groups are given in tables 3 and 4. No difference in
initial stage (table 3) and proportion of patients enrolled by
fulfilling the ARC and WRS definition were observed, nor
any difference in initial T4 cell counts, initial clinical score,
clinical symptoms and criteria of WRS (table 4).

Evaluation Parameters

The analysis of the areas under the curve (AUC) [58]
over the treatment period showed a significant improve-
ment (p<0.05) in the IVIG group (fig. 2-4), assuming mod-
els 1, 2 and 4, describing patients discontinuating the study

Table 3. Stage according to Walter-Reed and CDC classification at

time of enrollment

Total Group A Group B

Walter-Reed classification

WR3 3 1 2

WR4 5 3 2

WRS 22 11 11
CDC classification

1IB 3 1 2

1IIB 3 0 3

IVA 7 5 2

IvC2 17 9 8

Table 4. Comparability of groups A and B with regard to the basical

characteristics

Group A Group B Groups A+B
WRS symptoms
Oral candidiasis 7 8 15
Normergy 1 1 2
Hypergy 6 6 12
Anergy 8 7 15
Not done 0 1 1
Clincal symptoms
Night sweats 6 8 14
Fever 3 2 5
Weight loss 6 3 9
Diarrhea 3 2 5
Fatigue 10 10 20
No symptoms 2 3 5
Inclusion criteria
ARC 4 4 8
WRS 5 7 12
Both 6 4 10
Score
10 0 0 0
9 0 0 0
8 1 0 1
7 1 0 1
6 0 3 3
5 3 0 3
4 2 0 2
3 3 2 5
2 4 8 12
1 0 1 1
0 1. 1 2
T4 cell count
=100/l 3 2 5
100 =200/ul 1 4 5
200 =300/l 6 5 11
300 =400/ul 5 4 9
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Fig.2. AUC clinical score, empirical distribution function.
-=Group A; —=group B.

[58]. Assuming model 3, this difference could not be estab-
lished. _

Additional univariate analyses done analogously for all
seven components of the score detected no remarkable
diferences for the variables diarrhea, night sweats, weight
loss, oral candidiasis and mucosal or cutaneous herpes in-
fection, but showed differences based on the variables fa-
tigue and fever. Comparison of adjusted group means
based on analyses of covariance confirmed these results.

The findings from the 6-month treatment period did not
substantially change when the whole follow-up period of
1year was considered, the early decrease of the clinical
score dominating the analyses. Moreover, the late results
have to be taken with care, since with increasing follow-up
time the amount of missing information increases. There-
fore, it has been expected that late results are more depend-
ing on the estimation procedure for the drop-outs.

Fig. 3. Clinical scores of the IVIG group (group A). Each line represents a single patient.
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Fig. 4. Clinical scores of the placebo group (group B). Each line represents a single patient.

"The AUC of the T4 cell counts showed no difference
between the groups, neither after treatment nor after the
observation period (fig. 5-7).

Development of AIDS and Individual Study

Termination

Seven patients developed AIDS 26-217 (median 45)
days after enrollment in the study; in 6 patients, opportu-
nistic infections could be treated successfully. One patient
died by homicide, 1 patient was excluded for noncompli-
ance. The drop-outs showed no imbalance between the
treatment and placebo group with regard to the parameters
listed in table 5.

Other Parameters (table 6)
Total serum protein, gammaglobulins and immunoglo-
bulins showed no difference between both groups, with the

Fig.5. AUC T4 cell count, empirical distribution
—-=Group A; — =group B.

function.
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Fig. 7. T4 cell counts of the placebo group (group B). Each line represents a single patient.
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Table 5. Patients discontinuating the study

Total Groups
A B
Total number 9 5 4
Development of AIDS . 7 ' 3 4
Death for other cause 1 1 0
Absence of compliance 1 1 0
AIDS manifestations-
Pnreumocystis carinii pneumonia L
Toxoplasmosis 2 1 1
Kaposis sarcoma and
wasting syndrome 1 0 1
Initial T4 cell counts
0-<100/ul 4 2 2
101-=200/ul 1 0 1
201-=<300/ul 2 1 1
301-=400/ul 2 2 0
Initial score
6 2 0 2
5 1 1 0
3 1 1 0
2 < 2 2
0 1 1 0
Initial skin testing
Normergy 1 1 0
Hypergy 3 2 1
Anergy 4 2 12
~Not done 1 0 1
Inclusion criteria
ARC L 3 1
WRS 3 2 1
Both 2 0

exception of IgG which exhibited a slight increase during

the treatment period, followed by a slight decrease in the -
observation period, reflecting immunoglobulin administra- -

tion. Neither T cell subsets nor T4/T8 ratio and cutancous
reaction were influenced significantly. ESR, CRP, B,-mi-
croglobulin, LDH, hemoglobin, leukocytes, iymphocytes,
neutrophils, platelets and haptoglobin were equally distrib-
uted between both groups. Parameters describing protein
catabolism, such as urea, and clinical parameters other
than the clinical score (indices of Spitzer et al. and Karnof-
sky and Burchenall) were not influenced by IVIG therapy.

Discussion

Our double-blind randomized study on adults with ad-
vanced HIV-1infection (ARC and WRS5) was carried out in
an attempt to evaluate the effect of HD-IVIG on the clin-
ical course and HIV-1-associated immunological alter-
ations. The effectiveness of the treatment was assessed bv a
clinical score and the absolute T4 cell count. The clinical
score, which consisted of seven symptoms and preopportu-
nistic conditions, revealed a significant improvement in the
general status of the therapy group as compared to the
placebo group. The T4 cell count and other immunological
parameters failed to show any significant difference be-
tween the two groups.

An amelioration of the clinical course was obvious in
terms of fever and fatigue, other symptoms remained un-
changed. An influence of the initial score values was ex-
cluded by covariance analyses; the significant difference
was observed regardless of the statistical model on the
extrapolation of censored data, except the model based on
the worst individual value assessed during study participa-

- tion [58].

A clinical amelioration was reported by other authors as
well [14, 42-45], although trials on adults are rare [46-48,
59]. All but two studies were uncontrolled; one study was
announced as ‘randomized’, but did not provide any in-
formation about the control group [59], the other was con-
ducted on four groups, showing a decrease in opportunistic
infections in the treatment group [48].

The immunological results were disappointing with re-
gard to the interpretation of the observed clinical benefit

- [50-55]. A slight, not significant increase in IgG levels

during the treatment period followed by a decrease during
the observation period can be regarded as the result of
repeated immunoglobulin adtinistrations [41]. The biolog-
ical half-life of extemglly administered immunoglobulins
varies between 13 and 32 days [28, 60]. In primary hypo-
gammaglobulinemic patients, the administration of 0.3 g/
kg body weight, every 2 weeks [26, 61] or 10 mg/kg body
weight daily [41] results in a steady low-range 1gG level.
Disturbances of B cell function [10, 11, 14] were in-
dicated by polyclonal hypergammaglobulinemia, which
may be related to chronic stimulation by the Epstein-Barr
virus, loss of T4 cell controland a direct T-cell-independent
B cell stimulation by HIV-1 antigens [7, 9]. Additionally,
subclass deficiences of IgG2 [8, 62] and of IgG3 [63] seem
to play a role in the humoral immune defect of HIV:1-
infected patients. }
Several studies report on recurrent bacterial infections
in HIV-1-infected patients [16-19], but no prospective stud-
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