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Background: Increased serum levels of antigen-specific IgE 
are often associated with allergic respiratory disorders. 
RhuMAb-E25, a recombinant humanized monoclonal anti- 
body, decreases free serum IgE by forming biologically inac- 
tive immune complexes with free IgE. 
Objective: We hypothesized that rhuMAb-E25 would decrease 
total serum IgE and reduce symptoms. 
Methods: Two hundred forty subjects were enrolled into five 
groups to determin e the safety, tolerance, and efficacy of re- 
peated administration of rhuMAb-E25 in adults with rag- 
weed-induced allergic rhinitis and to explore the pharmaco- 
dynamic relationship of rhuMAb-E25 and IgE. One hundred 
eighty-one subjects received an initial intravenous loading 
dose (day 0, 1 month before ragweed season), followed by 
administration of rhuMAb-E25 (in mg/kg body weight) of 
0.15 mg/kg subcutaneously, 0.15 mg/kg intravenously, or 0.5 
mg/kg intravenously on days 77 14, 28, 42, 56, 70, and 84. A 
subcutaneous placebo group and an intravenous placebo group 
were included. The total evaluation time included the 84-day 
treatment period, followed by a 42-day observation period. 
Results: Adverse events were mild, and no differences were 
observed in the rates between the three active and two pla- 
cebo treatment groups. Ragweed-specific IgE levels correlated 
with symptom scores. RhuMAb-E25 decreased serum free 
IgE levels in a dose- and baseline IgE-dependent fashion. 
However, only 11 subjects had IgE levels that were sup- 
pressed to undetectable levels (-<24 ng/ml), a sampl e too 
small to demonstrate significant differences and clinical effi- 
cacy. Thus the case for efficacy was not proven. Nonetheless, 
the study confirms that it is safe to repeatedly administer 
rhuMAb-E25 over a period of months. 
Conclusions: Because rhuMAb-E25 decreased serum free IgE 
in a dose-dePendent fashion and because symptom scores 
correlated with antigen-specific IgE levels, the results suggest 
that if given in adequate doses, rhuMAb-E25 should be an 
effective therapy for allergic diseases. (J Allergy Clin Immu- 
nol 1997;100:110-21.) 
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Abbreviations used 
HRP: Horseradish peroxidase 

IV: Intravenous 
PBS: Phosphate-buffered saline 

rhuMAb-E25: Recombinant human monoclonal anti- 
body E25 

SC: Subcutaneous 

Allergic rhinitis is the most common clinical form of 
atopic disease, affecting approximately 25% to 30% of 
the U.S. population?, 2 Ragweed (Ambrosia spp.) is the 
most common cause of seasonal allergic rhinitis (hay 
fever) in North America 3 and is widespread throughout 
the warmer portions of the Western Hemisphere. How- 
ever, it is unusual for patients with allergic rhinitis to be 
sensitive to ragweed alone. 

Current  therapies for the treatment of allergic rhinitis 
symptoms include allergen avoidance, pharmacologic 
interventions (e.g., antihistamines, sympathomimetics, 
topical and systemic corticosteroids, and chromones), 
and immunotherapy. 1,4,5 Although helpful, many of 
these pharmacologic interventions provide only moder- 
ate or partial relief of symptoms and may be associated 
with significant side effects. Traditional allergen immu- 
notherapy can be used alone or in conjunction with these 
pharmacologic interventions to provide relief of symp- 
toms, but it is only effective in a narrow, antigen-specific 
fashion. Thus a novel therapy that works in a broader, 
antigen-nonspecific fashion is desirable. 

Because of the central role that IgE antibody plays in 
the cascade of biochemical events resulting in allergic 
reactions, 6 an emerging concept of immunotherapy is to 
inhibit IgE responses through the use of anti-IgE anti- 
bodies. In a previously reported study, murine monoclo- 
nal anti-IgE antibodies were produced by the immuni- 
zation of mice with human IgE. 7 The screening strategy 
used in monoclonal selection identified an antibody that 
recognized IgE at the same site as the high-affinity (IgE) 
receptor (FceRI). Thus this antibody has the following 
characteristics: binds to free IgE and not to IgG or IgA, 
blocks the binding of IgE to its specific high-affinity 
receptor, does not bind to basophil- or mast cell-bound 
IgE, and inhibits the synthesis of IgE in cultured IgE- 
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TABLE I. Number of patients and dosing regimens 

Dosing regimen* 
Dose No. of 
group patients Day 0 Day 7 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 

1 20 Placebo Placebo SC Placebo SC Placebo SC Placebo SC Placebo SC Placebo SC Placebo SC 
IV & SC 

2 60 0.15 0.15 SC 0.15 SC 0.15 SC 0.15 SC 0.15 SC 0.15 SC 0.15 SC 
IV & SC 

3 60 0.3 IV 0.15 IV 0.15 IV 0.15 IV 0.15 IV 0.15 IV 0.15 IV 0.15 IV 
4 60 0.5 IV 0.5 IV 0.5 IV 0.5 IV 0.5 IV 0.5 IV 0.5 IV 0.5 IV 
5 40 Placebo IV Placebo IV Placebo IV Placebo IV Placebo IV Placebo IV Placebo IV Placebo IV 

*Dose is expressed as milligrams per kilogram of rhuMAb-E25 versus an equivalent amount of placebo. 

producing cells. To make the molecule  more  suitable 
for long- term adminis t ra t ion  to h u man  beings, the 
critical amino  acids responsible  for b inding  to IgE 
were engraf ted onto  a consensus h u m a n  IgG 1 frame- 
work. 8 This r ecombinan t  humanized  monoc lona l  anti- 
IgE ant ibody ( rhuMAb-E25)  demons t ra ted  biologic 
propert ies  similar to those of the mur ine  monoclona l  
ant i - IgE antibody. RhuMAb-E25  was expected to be 
well tolerated in h u man  beings, because another  
ant ibody with the identical  IgG 1 framework but  a 
different b inding  site ( recombinant  humanized  anti- 
p185H Ea2 monoc lona l  antibody) has been  well toler- 
ated when  used for the long- term t rea tment  of pa- 
t ients with breast  cancer. 9 Fur thermore ,  because 
rhuMAb-E25  does not  b ind  to IgE on mast cells and 
basophils,  there was no presumed risk of cross-linking 
IgE molecules on these cells and inducing acute 
anaphylaxis. 

Given the primary role of IgE in the pathogenesis of 
atopic diseases, particularly Seasonal allergic rhinitis, 
and the demonstrated ability of both murine monoclonal  
anti-IgE antibody and humanized anti-IgE antibody to 
block the biologic effects of ! g E l  ° it would be predicted 
that decreasing total serum IgE (free and complexed 
with rhuMAb-E25) would in turn decrease the amounts  
of antigen-specific IgE available to bind to and sensitize 
tissue mast cells. Therefore for this study it was hypoth- 
esized that the partial reduction of IgE would result in 
an amelioration of IgE-mediated allergic symptoms and 
control of atopic disease. 

Thus a multicenter, double-blind, placebo-controlled 
study was designed to: (1) determine the safety and 
tolerance of multiple intravenous (IV) or subcutaneous 
(SC) administrations of rhuMAb-E25 in a large number  
of adults with a history of seasonal ragweed-induced 
allergic rhinitis when dosing was initiated before and 
during one ragweed season; (2) determine the pharma- 
codynamic effects on serum free IgE of rhuMAb-E25; 
and (3) compare the efficacy of prophylactic administra- 
tion of three dose levels of rhuMAb-E25 with that of 
placebo by assessment of symptoms during ragweed 
season in adults with a history of seasonal ragweed- 
induced allergic rhinitis. 

METHODS 
Study design 

The study was a double-blind, placebo-controlled trial of 240 
patients at seven centers, randomized into five arms: three 
active treatment and two placebo (Table I). Study drug admin- 
istration occurred over a 12-week period (4 weeks before and 
during the 1994 ragweed season), followed by an 8-week 
follow-up period. Treatment was allocated according to a 
computerized randomization scheme prepared by the Genen- 
tech Biostatistics Department. A separate scheme for each 
study center allocated treatment in balanced blocks. The active 
treatment dosing regimens selected for this study were designed 
to approach different serum steady-state levels, which were 
expected to demonstrate a therapeutic effect. To enhance both 
the effect of neutralizing serum IgE (by obtaining earlier 
steady-state concentrations) and the expected prophylactic ef- 
ficacy of rhuMAb-E25, the dosing schedule provided for more 
frequent dosing during the initial 3 weeks (Table I). 

This study was conducted in outpatients who were screened 
during the 14 days before the initiation of the study. Eligible 
patients returned to the study center for study drug adminis- 
tration and physical and laboratory evaluations on days 0, 7, 14, 
28, 42, 56, 70, and 84. Patients remained in the study center for 
at least 2 hours after each study drug administration for 
observation of potential acute allergic reactions (e.g., flushing, 
urticaria, pruritus, bronchospasm, lightheadedness, or other 
signs and symptoms of anaphylaxis). Patients returned to the 
study center for follow-up physical and laboratory evaluations 
on study days 98, 112, 126, and 140. 

Patients withdrawing from the study because of adverse 
events (clinical or laboratory) were treated and followed up 
according to established, acceptable medical practice. All per- 
tinent information concerning the outcome of such treatment 
was recorded in the medical record. If the investigator removed 
a patient from the study or if the patient declined further study 
participation, evalu0tions scheduled for day 140 were com- 
pleted at the time of patient withdrawal. 

Patients and investigators remained blinded to the study drug 
assignments throughout the study. A clinical pharmacist, who 
was not blinded, provided the study staff with syringes of study 
drug for patient administration labeled with the patient identi- 
fication number, the protocol number, volume of study drug, 
and the route of administration. 

Although patients were to receive no therapy for allergic 
rhinitis other than the study drug, rescue medication was made 
available to all participants. Tavist-D tablets were provided in a 
known quantity and could be taken by patients for relief of 
discomfort caused by allergic rhinitis symptoms scored as 2 or 
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more on the daily diary score cards. The number of Tavist-D 
tablets taken was recorded in the diary, confirmed by pill counts 
at each visit, and recorded at each center. 

Human subjects 
All patients were at least 18 years old and had a documented 

history of seasonal allergic rhinitis or rhinoconjunctivitis requir- 
ing treatment for at least the two previous seasons and demon- 
strated well-characterized positive reactivity to ragweed aller- 
gen. Women of childbearing potential had a negative serum 
pregnancy test result and, in the opinion of the investigator, had 
been using an effective means Of contraception. 

Patients were excluded from study participation if they had 
rhinitis medicamentosa or moderate to severe perennial vaso- 
motor, infectious, or atrophic rhinitis; structural nasal abnor- 
malities (e.g., septum deviation ) severe enough to cause ob- 
struction; history of asthma requiring daily maintenance 
therapy; adverse reactions to the rescue medication (Tavist-D); 
clinically significant Upper respiratory tract infection in the 7 
days before enrollment; desensitization therapy (immunother- 
apy) with a change in maintenance dose within the past 12 
months; treatment with any systemic corticosteroid within 3 
days during the 14 days before enrollment; treatment with any 
prescription medication for rhinitis, urticaria, eczema, hay 
fever, or asthma within 14 days before enrollment; long-term 
treatment with over-the-counter or prescription drugs for rhi- 
nitis, urticaria, eczema, hay fever, or asthma; history of other 
cardiovascular, pulmonary, hepatic, hematopoietic, renal, neu- 
r01ogic, or metabolic dysfunction that in the opinion of the 
investigator would contraindicate taking an investigational drug 
or might affect the interpretation of the results of the study; 
previous therapy with any monoclonal antibody preparation, 
including rhuMAb-E25; or treatment with an investigational 
drug within 30 days before day 0. Pregnant Or lactating women 
Were also excluded. Patients who demonstrated reactivity to 
rfiuMAb-E25 in either the skin prick or intradermal challenge 
test were excluded from the study but were followed up for 
safety evaluation as deemed appropriate by the investigator. 

This Study was carried out in compliance with United States 
Food and Drug Administration Good Clinical Practices and 
local ethical and legal requirements. TO safeguard the rights of 
the individual, each patient provided written informed consent 
before enrollment in the study. The informed consent was 
approved by the institutional review board of each participating 
center and was constructed in accordance with local ethical and 
legal requirements. 

Symptoms diary 
Patients were instructed to maintain a daily diaP£ of their 

allergic rhinitis symptomS. The patients scored their eye and 
nose symptoms in a diary twice daily (morning and evening) 
throughout the study. Symptom scores used Were: 0, no symp- 
toms; 1, mild symptoms (present but not troublesome); 2, 
moderate symptoms (frequently troublesome but not sufficient 
to interfere with normal daily activity or nighttime sleep); and 3, 
severe symptoms (sufficiently troublesome to interfere with 
normal daily activity or nighttime sleep). Other concurrent 
symptoms or complaints, Tavist-D use, and 10cal pollen counts 
were also recorded in the diary. Diary entries were reviewed by 
the study coordinator and transferred to a case report form. 

For both morning and evening symptom scores; one or more 
nasal symptoms of at least moderate severity (score = 2) and a 
combined symptom score Of at least 5 (for the symptoms of 
blocked nose, runny nose, sneezing, and itchy eyes) were 

required to be classified as a "symptom day." The mean 
numbers of symptom days in the active and placebo regimens 
were compared by using the Wilcoxon rank-sum test, stratified 
by study center for "before season," "during season," and "after 
season," respectively. 

Efficacy assessments 
The primary efficacy variables were the average of all daily 

symptom scores during the ragweed season and the total 
number of days that patients experienced symptoms. 

Quality-of-life questionnaires 
Patients were instructed to complete two quality-of-life ques- 

tionnaires before study drug administration on day 0 and during 
the course of the study. The Juniper Rhinoconjunctivitis 
Quality-of-Life questionnaire 11 was administered before study 
drug administration on days 0, 7, 14, 28, 56, and 84 and on day 
140. Patients were asked to complete the MOS 36-item short- 
form health survey (SF-36), a self-administered quality-of-life 
questionnaire, before study drug administration on day 0 and 
on days 84 and 140. 

Safety assessments 
All patients who received study drug were closely monitored 

and evaluated for safety after the initial study drug administra- 
tion and throughout the study period. Adverse event informa- 
tion was collected immediately before the first study drug 
administration and throughout the study. Adverse events in- 
cluded new or increased severity of symptoms relative to 
baseline, adverse changes noted on physical examination, and 
clinically significant laboratory findings. 

Severity of adverse events was assessed by the investigator at 
the individual site. "Severe" was defined as an adverse event 
that caused severe discomfort, severely limited or prevented 
normal function~ was a definite hazard to the patient's health, or 
may have required a prolonged hospitalization. "Moderate" 
was defined as a symptom that was uncomfortable to the 
patient, produced some degree of impairment to normal func- 
tion, resulted in a substantive change from baseline, and may 
have required treatment but was not hazardous to health. 
"Mild" was defined as a symptom that was an annoyance to the 
patient but did not affect baseline status, did not hinder the 
patient's normal functioning level, may have been intermittent 
or continuous, and may or may not have required treatment 
with medication. 

End-point titration with ragweed allergen 
End-point titration for ragweed allergen skin testing was 

performed before study drug administration on days 0, 28, 56, 
and 84 and on days 112 and 140. All end-point titration began 
with a 1:1,000,000 dilution. 

Antibodies to rhuMAb-E25 
Serum samples were obtained before skin prick challenge 

testing with rhuMAb-E25 and on days 28, 84, and 140. These 
samples were frozen as soon as possible after collection and 
were evaluated for the presenc e of antibodies to rhuMAb-E25. 
Human anti-rhuMAb-E25 antibodies were detected by using 
two solid-phase ELISA methods: one assay to detect anti- 
rhuMAb-E25 Fab responses and a separate assay to detect 
anti-rhuMAb-E25 Fc responses. 

To measure anti-rhuMAb-E25 Fab antibody, rhuMAb-E25 
Fab fragments were adsorbed to high-binding flat-bottom poly- 
styrene plates (Costar, Cambridge, Mass.) at 3 ixg/ml in phos- 
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TABLE II. Selected basel ine character is t ics o f  enro l led  pat ients 

Placebo* 0.15 SC 0.15 IV 0.5 IV Overall 
(n = 59) (n = 60) (n = 61) (n = 60) (n = 240} 

Age range (yr) 20-59 18-65 18-55 18-66 18-66 
(mean +_ SD) 35 _+ 9.2 32 _+ 9.8 35 _+ 9.3 33 -+ 10.7 34 _+ 9.8 

Sex 
Male 33 (56%) 27 (45%) 28 (46%) 28 (47%) 116 (48%) 
Female 26 (44%) 33 (55%) 33 (54%) 32 (53%) 124 (52%) 

Race 
Caucasian 49 (83%) 55 (92%) 59 (97%) 46 (77%) 209 (87%) 
Black 7 (12%) 4 (7%) 1 (2%) 10 (17%) 22 (9%) 
Other 3 (5%) 1 (1%) 1 (1%) 4 (6%) 9 (4%) 

Weight range (kg) 48-153 46-120 44-127 49-105 44-153 
(mean _+ SD) (79 +_ 19) (77 -+ 17) (77 +_ 18) (74 _+ 14) (77 -+ 17) 

Height range (cm) 152-191 145-193 150-193 152-191 145-193 
(mean + SD) (173 _+ 11) (172 _+ 10) 170 _+ 10) (171 _+ 10) (171 _+ 10) 

Asthma history 5 (8.5%) 6 (10.0%) 15 (24.6%) 7 (11.7%) 33 (13.8%) 
Baseline IgE (IU/ml) 221 _+ 300 235 +_ 477 267 _+ 710 238 _+ 269 240 -+ 472 

(mean +- SD) 

*Pooled data for both placebo groups. 

phate-buffered saline (PBS) overnight at 2 ° to 8 ° C. The plates 
were washed with 0.05% Tween-20 in PBS, then incubated with 
blocking/sample buffer (0.2% bovine gamma globulin [Sigma 
Chemical Co., St. Louis, Mo.]/0.25% CHAPS [Sigma]/0.5% 
bovine serum albumin [Intergen Co., Purchase, N.Y.]/0.05% 
Tween-20/0.01% thimerosal in PBS) for 1 hour. The standards 
and samples were diluted in blocking/sample buffer. The mini- 
mum sample dilution is 1:100. After the plates were washed, the 
diluted samples and standards were incubated in the wells for 1 
hour. The plates were washed and incubated with a 1:60,000 
dilution of protein G-horseradish peroxidase (HRP) (Bio-Rad, 
Hercules, Calif.) in 0.5% bovine serum albumin/0.05% Tween- 
20/0.01% thimerosal in PBS for 1 hour. The plates were washed 
and then developed with 0.4 mg/ml o-phenylenediamine and 4 
mmol/L HzO2 in PBS. The color reaction was stopped with 
4.5N H2S04. The absorbance at 492 nm was measured with an 
SLT EAR 340AT ELISA Reader (Research Triangle Park, 
N.C.). 

A standard curve to determine the anti-rhuMAb-E25 Fab 
response was constructed by using dilutions of cynomolgus 
monkey anti-rhuMAb-E25 serum. The titer values of the anti- 
rhuMAb-E25 serum dilutions were initially determined relative 
to a negative control serum. In subsequent assays the previously 
determined titer values of the anti-rhuMAb-E25 serum calibra- 
tors were fitted with a four-parameter logistic log program, and 
the fit was used to calculate the titers of the samples. Any 
samples that were reactive in the assay (titer -> 2.0) were 
analyzed in an additional ELISA, in which the anti-rhuMAb- 
E25 Fab assay described above was performed with the addition 
of 25 v,g/ml rhuMAb-E25 to the diluted sample. Samples were 
considered reactive for anti-rhuMAb-E25 Fab antibodies if the 
addition of rhuMAb-E25 to the sample resulted in a titer 
decrease of more than 0.4 titer units. 

The measurement of anti-rhuMAb-E25 Fc antibody was 
performed by using the anti-rhuMAb-E25 Fab protocol de- 
scribed above, except that rhuMAb-E25 Fc at 1 ~g/ml in 
sodium carbonate buffer (pH 9.6) was coated on the plate in 
place of the rhuMAb-E25 Fab and anti-human IgG (Fab- 
specific)-HRP at a dilution of 1:75,000 was used in place of the 

protein G-HRP. The other assay steps and data reduction were 
performed as described above. 

Sk in  t e s t i n g  f o r  r e a c t i v i t y  t o  r h u M A b - E 2 5  

Skin testing for reactivity to rhuMAb-E25 was performed 
during the screening period and on day 140. 

Free a n d  t o t a l  IgE c o n c e n t r a t i o n s  

Serum concentrations of total serum IgE and free serum IgE 
were measured at baseline and at various time points during the 
study. Total IgE was measured by using a commercial kit (IMx 
Total IgE; Abbott Laboratories, Abbott Park, Ill.). The lower 
limit of detection is 2.4 ng/ml. Concentrations of rhuMAb-E25 
in this assay up to 1 mg/ml do not interfere in the detection of 
total IgE. 

Human free IgE was measured by using a solid-phase ELISA. 
High-binding flat-bottom polystyrene plates (Costar) were 
coated overnight at 2 ° to 8°C with 100 ng of human IgE 
receptor ~-chain IgG chimera (FceRI-IgG) 12 in 100 pA of 
carbonate buffer (pH 9.6). The plates were washed with 0.05% 
Tween-20 in PBS, then incubated with 200 Ixl of assay diluent 
(0.5% bovine serum albumin [Intergen Co.]/0.05% Tween-20/ 
0.01% thimerosal in PBS) for 1 to 2 hours. The plates were 
sealed and frozen until use. All subsequent assay steps were 
performed at room temperature. For the ELISA, plates were 
thawed and washed, and 50 jxl of sample or standard was added 
in duplicate to 50 Ixl of assay diluent in the wells and incubated 
for 1 hour. FceRI-IgG captures only free IgE, that is, IgE that 
is not in a complex with rhuMAb-E25. The plates were washed, 
and 100 ng of biotinylated monoclonal anti-human IgE in 100 
ixl of assay diluent was added to the wells and incubated for 1 
hour. The plates were washed, and 100 ixl of avidin-HRP 
(Vector Laboratories, Inc., Burlingame, Calif.), diluted 1:2000 
in assay diluent, was added to the wells and incubated for 30 
minutes. The plates were washed and then developed with 0.4 
mg/ml o-phenylenediamine and 4 mmol/L H202 in PBS. The 
color reaction was stopped with 4.5N H2SO 4. The absorbance at 
492 nm was measured with an SLT EAR 340AT ELISA 
Reader. The concentration of free IgE was calculated for the 
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FIG. 1. Geometric means of total rhuMAb-E25 by treatment group. Times are 5 minutes before dose; total 
rhuMAb-E25 has lower limit of quantification of 16 ng/ml, indicated by the faint dotted line. 

TABLE III. Adverse  events observed in more  than 10% of  pat ients 

Placebo 0.15 SC 0.15 IV 0.5 IV Overall 
(n = 59) (n = 60) (n = 61) (n = 60) (n = 240) 

Headache 31 (53%) 25 (42%) 41 (67%) 31 (52%) 128 (53%) 
Infection 16 (27%) 13 (22%) 13 (21%) 7 (12%) 49 (20%) 
Pain 10 (17%) 12 (20%) 6 (10%) 7 (12%) 35 (15%) 
Pharyngitis 9 (15%) 12 (20%) 10 (16%) 10 (17%) 41 (17%) 

standard curve by using a four-parameter logistic log fit for the 
standards. 

Ragweed-spec i f i c  IgE 

Ragweed-specific IgE concentration was measured by using 
the Pharmacia CAP system RAST FEIA (Pharmacia, Uppsala, 
Sweden). In brief, the ragweed-specific IgE in the sample binds 
to ragweed allergen that has been covalently coupled to the 
solid support. The captured IgE is detected with an enzyme- 
labeled anti-IgE antibody, followed by a fluorescent substrate. 

The presence of rhuMAb-E25 in the sample will interfere 
somewhat with the detection of ragweed IgE. High concentra- 
tions of rhuMAb-E25 spiked into ragweed IgE-positive sera 
reduced the amount of detected ragweed IgE by up to 25%. 

R a g w e e d  pol len counts  

The ragweed season was determined for each study center by 
using local daily pollen counts. Because of the variability in the 
start of the season and in the magnitude of pollen measure- 
ments at each study center, the start of ragweed season was 
defined as the sustained elevation of daily pollen counts over 
baseline (before season), and the end of ragweed season was 
defined as the return of daily pollen counts to baseline. 

Stat ist ical  analysis 

For all analyses, morning and evening symptom scores were 
averaged after a preliminary assessment of their possible dif- 
ferences. 

Three pairwise comparisons with placebo were performed by 
using Wilcoxon rank-sum tests, stratified by study center, for 
each nose and eye symptom score and for averaged nose 
symptom scores, averaged eye symptom scores, and averaged 
all symptom scores. The validity of the pooling of data across 
centers was assessed by a preliminary test for center-by-treat- 

ment interaction based on a two-way analysis of variance model 
with ranked data. 

R E S U L T S  
D e m o g r a p h i c s  

A total of 240 patients were enrolled at seven centers 
located in the Midwest and on the East Coast of the 
Uni ted States. Patients were treated with rhuMAb-E25 
or placebo weekly for the first 2 weeks, then biweekly 
through day 84 (Table I). All t reatment  groups were well 
balanced except for the 0.15 IV group, which had a 
slightly higher proport ion of Caucasian patients and a 
higher rate of asthma at study entry (Table II). Twenty- 
nine (12%) patients discontinued use of study medica- 
tion during the course of study: 22 patients voluntarily 
withdrew, five patients were discontinued because of 
adverse events, one patient in the 0.5 IV dose group was 
discontinued because of noncompliance,  and one patient 
in the 0.15 SC dose group was removed on the basis of 
the physician's decision. 

A d v e r s e  react ions 

Overall, most reported adverse events were mild to 
moderate in severity and, in the  opinion of the investi- 
gators, were unlikely to be related to study drug. One 
serious adverse event leading to withdrawal was re- 
ported during the 140-day study period. This one serious 
adverse event was due to colitis and was believed to be 
unrelated to study drug administration. Five other pa- 
tients withdrew from the study because of adverse 
events. One  of the five adverse events was thought to be 
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possibly caused by study drug. This event, which resulted 
in an early withdrawal, was reported as a "mild asthma 
attack." The patient, in dose group 3, complained of 
increased cough and "a lot of mucus" but had no 
wheezing or spirometric evidence of bronchospasm and 
remained hemodynamically stable. This event began 45 
minutes after dosing, was treated medically, and lasted 
for 1 hour. However, similar reactions were not observed 
in other patients with allergic asthma. There were no 
significant differences overall in adverse events among 
treatment groups. There were also no significant differ- 

ences in adverse events among treatment groups with 
respect to sex or age. 

Table III summarizes the most frequently observed 
adverse events during the study. No differences were 
found between the placebo and treatment groups. 

Skin testing with rhuMAb-E25 
Epicutaneous and intradermal skin tests with 

rhuMAb-E25 were performed twice on all patients, once 
during the screening period and again on day 140. A 
small number of subjects at the screening visit had a 
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positive skin test response to rhuMAb-E25 and were 
excluded from further participation. All skin test results 
were required to be negative during the screening period 
for enrollment. On day 140, there were no differences in 
the rate of positive results between the placebo and 
active treatment groups (data not shown). Furthermore, 
none of the patients who had positive skin test re- 
sponses exhibited adverse reactions to administration of 
rhuMAb-E25. No patients were found to have human 
anti-human antibodies to rhuMAb-E25 at the comple- 
tion of the study. 

Pharmacokinetics and pharmacodynamics 

Total rhuMAb-E25 cleared slowly with a terminal 
half-life of 2.9 _+ 0.7 weeks (mean - SD) after multiple- 
dose SC and IV administration of rhuMAb-E25. Kinetic 
profiles of trough concentrations of total rhuMAb-E25 
in the 0.15 SC and 0.15 IV dose groups were similar over 
the course of the study, consistent with results after SC 
and IV dosing in previous phase I studies. 13 Steady-state 
concentrations of total rhuMAb-E25 were generally 
achieved by days 14 to 28 in all dose groups (Fig. 1). The 
geometric means of total rhuMAb-E25 slowly declined 
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in all three treatment groups after discontinuation of 
therapy. 

Free, total, and ragweed-specific total IgE 

Administration of rhuMAb-E25 decreased serum con- 
centration of free IgE in a fashion that was dependent 
on dose of rhuMAb-E25 administered and the patient's 
baseline IgE, which was consistent with previous phase I 
studies. Higher doses of rhuMAb-E25 resulted in more 
complete suppression of free IgE concentrations (Fi G 
2): Serum free IgE concentrations were suppressed 
rapidly after IV dosing with rhuMAb-E25 and slowly 
returned to their baseline values after termination of 
dosing. In the 0.15 SC and 0.15 IV dose groups, serum 
concentrations of free IgE at steady state (trough con- 
centrations on days 42, 56, 70, and 84) were approxi- 
mately 60% of baseline free IgE. There were no signif- 
icant differences in the pharmacodynamics between the 
SC and IV routes of administration, demonstrating that 
functionally the two groups were comparable. In the 0.5 
IV dose group, serum concentrations of free IgE at 
steady state were approximately 30% Of baseline free 
IgE and reached the lowest level of detection (-<24 
ng/ml) in patients with baseline IgE less than 40 IU/ml. 
Free IgE was suppressed to a greater extent during the 
first few weeks of the trial when doses of rhuMAb-E25 
were administered weekly. 

Because of formation of rhuMAb-E25-IgE com- 
plexes, which have a longer serum half-life than free IgE 
(unpublished observations), total serum IgE (free and 
complexed IgE) and ragweed-specific total IgE in- 
creased in treated patients during the course of the study 
by twofold to threefold, on average, in the 0.15 SC and 
0.15 IV dose groups and by fourfold to fivefold, on 
average, in the 0.5 IV group (Fig. 3). Increases in total 
IgE concentrations were dependent on the dose of 
rhuMAb-E25 administered and the patient's baseline 
IgE. Increases of fivefold to sixfold, on average, were 
observed in patients who had free serum IgE suppressed 
to the lowest levels of detection at steady state. Total 
serum IgE and ragweed-specific total IgE levels declined 
after termination of therapy but generally did not ap- 

TABLE IV. Dai ly s y m p t o m  scores 

M e a n  -+ SD (n) 

Dose of rhuMAb-E25 Before season Peak season 

Placebo 0.64 _+ 0.54 (58) 0.91 _+ 0.65 (56) 
0.15 SC 0.53 _+ 0.42 (58) 0.73 _+ 0.48 (54) 
0.15 IV 0.57 _+ 0.54 (61) 0.82 _+ 0.66 (59) 
0.50 IV 0.63 _+ 0.50 (60) 0.77 _+ 0.52 (56) 

The magnitude of symptoms, the change of symptoms from preseason to 
peak season, and the difference among the treatment groups were all 
smaller than predicted and not significantly different (p > 0.5). 

proximate those levels measured in the placebo group 
on day 140. 

To investigate the pharmacodynamic relationship be- 
tween trough serum concentrations of total rhuMAb- 
E25, free IgE, and total IgE at steady state, steady-state 
free IgE was plotted against the steady-state ratio of 
total rhuMAb-E25 to total IgE (Fig. 4, A). To assess the 
likely effect of administering a fixed dose per kilogram of 
body weight and international units per milliliter of 
baseline IgE, free IgE at steady state was plotted against 
the dose per baseline IgE of rhuMAb-E25 expressed in 
milligrams per kilogram per week for every international 
unit per milliliter Of baseline IgE (Fig. 4, B). This figure 
shows that there is a clear relationship between starting 
IgE levels and the dose of rhuMAb-E25 required to 
effectively suppress this level (i.e., for any starting serum 
IgE concentration, higher doses of rhuMAb-E25 result 
in lower concentrations of free IgE). 

Symptom scores 

All centers reported ragweed pollen counts typical for 
their respective regions. As expected, pollen counts in 
the Midwest were greatest (up to 2000 grains/m3), 
whereas those for the West were lowest. All centers had 
well-defined ragweed seasons on the basis of daily pollen 
counts. 

The average daily symptom score of patients receiving 
placebo was slightly higher than that of patients treated 
with rhuMAb-E25 during the season, but this difference 
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was not statistically significant. Overall, the change in 
symptoms from before the season to the peak season was 
small. The averaged symptom score before the season 
was approximately 0.6 for patients receiving placebo and 
0.5 tO 0.6 for treated patients. During the season ~ the 
averaged symptom scores were 0.91 for patients receiv- 
ing placebo and 0.7 to 0.8 for treated patients (Table 
IV). Even during the peak of the season (the 2-week 
period with highest daily pollen counts), the averaged 
symptom scores were only 1.0 for patients receiving 
placebo and 0.8 to 0.9 for treated patients (Fig. 5). The 
magnitude of symptoms, the change of symptoms from 
before the season to the peak season, and the difference 
among the treatment groups were all smaller than 
predicted; whereas the variability of symptom scores was 
higher than estimated. The standard deviation was up to 
0.9 within each treatment group. In addition, the vari- 
ability among the study centers was large, and the 
treatment effects were not consistent among study sites. 

The differences in rescue medication use between the 
treated groups and the placebo group were not signifi- 
cant (Fig. 6). There was also no significant treatment 
effect on quality-of-life scores. Overall, the study failed 
to demonstrate a significant improvement in treated 
subjects. 

Symptom scores correlated significantly with baseline 
ragweed-specific IgE levels (9 = 0.33; p = 0.0001) (Fig. 
7). Subjects with the lowest levels of baseline ragweed- 
specific total IgE (<1.3 kU/L) had little or no increase in 
symptoms during the ragweed season, whereas a pro- 
gressively greater increase in symptoms during the rag- 
weed season was seen in patients with progressively 
higher baseline levels of ragweed-specific total IgE. The 
group with the highest baseline levels had symptom 
score increases of approximately 0.7 units, on average 
during the season, compared with an average increase of 
approximately 0.4 units for all patients combined. There 
was little indication of a correlation between symptoms 
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TABLE V. End-point titration to ragweed allergen 

p Value  
M e a n  change 

S tudy  day  T r e a t m e n t  n (SEM) With in  Overal l  

Day 28 Placebo 56 -0.071 (0.095) 0,451 0.093 
0.15 SC 54 -0.111 (0.096) 0,250 
0.15 IV 60 -0.150 (0.091) 0.102 
0.50 IV 58 0,155 (0,093) 0,097 

Day 56 Placebo 55 0.145 (0.097) 0.133 0.028 
0.15 SC 51 0.039 (0.100) 0.696 
0.15 IV 58 -0.121 (0.094) 0.201 
0.50 IV 54 0.278 (0.097) 0.005 

Day 84 Placebo 55 0.036 (0.104) 0.726 0.107 
0.15 SC 51 0.000 (0.108) 1.000 
0.15 IV 57 -0.158 (0.102) 0.123 
0.50 IV 54 0.204 (0.105) 0,053 

Data  are mean change from baseline across treatment groups (base 10 logarithmic scale). Probability (p) values are determined from analysis of 
variance. 

and baseline total IgE levels, possibly because ragweed- 
specific total IgE and total IgE at baseline are only 
weakly correlated at baseline (p = 0.4 in log units). 
However, symptom scores during the ragweed season 
appeared to be lower in patients with free serum IgE 
levels (average of trough samples on days 14, 28, 42, 56, 
and 70) less than 40 ng/ml (Fig. 8). 

E n d - p o i n t  t i t r a t i o n  

Skin test reactivity to ragweed allergen, as measured 
by average end-point titration, remained unchanged in 
the placebo, 0.15 SC dose, and 0.15 IV dose groups over 
the course of the study. In the 0.5 IV dose group, there 
was a marginally significant increase in average end- 
point titration relative to baseline (day 0) on days 28 

through 84, corresponding to an increase of approxi- 
mately two thirds in the concentration of ragweed 
allergen needed to obtain the standard allergic response 
(Table V). 

D I S C U S S I O N  

The results of this phase II, multicenter, double-blind, 
placebo-controlled study in adults with a history of 
seasonal ragweed-induced allergic rhinitis indicate that 
prolonged administration of a humanized recombinant 
monoclonal antibody directed against human IgE is safe 
in a large number of patients and demonstrates an 
important biologic dose-response effect and functional 
comparability of SC and IV administration. Although 
the data do not demonstrate statistically significant 
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differences in efficacy between active- and placebo- 
treated patients, they do provide a clearer understanding 
of the required dosing strategies for this new class of 
therapeutic agents to produce clinical activity in an 
IgE-mediated disease. 

A total of 181 patients received treatment with 
rhuMAb-E25 for up to 84 days. To assess the safety of 
rhuMAb-E25, all patients were carefully monitored for 
adverse events with blood chemistries, complete blood 
counts, urinalyses, and physical examinations. In addi- 
tion, patients were assessed for de novo immunologic 
responses (in vitro and in vivo) to the administration of 
the humanized protein, rhuMAb-E25. Overall, reported 
adverse events were mild to moderate in severity and, in 
the opinion of the investigators, were unlikely to be 
related to study drug. Four of the five patients who 
withdrew from the study because of adverse events did 
so after completing the treatment phase of the study. 
Moreover, there were no significant differences in the 
rates of adverse events among any of the treatment 
groups (Table III). The one serious adverse event (an 
episode of colitis) during the study was not attributed to 
the study drug. 

Skin testing with rhuMAb-E25 demonstrated a posi- 
tive rate of approximately 10% and was consistent across 
all treatment groups. Specifically, the rate of positive test 
results was similar between patients receiving placebo 
and those receiving active treatment. Thus it is unlikely 
that these test results indicate sensitization of patients by 
prolonged administration of rhuMAb-E25. Further- 
more, it can be inferred that as a result of the lack of 
immunogenicity, rhuMAb-E25 can be safely given to 
patients without screening by skin testing before admin- 
istration. 

The most important biologic concept to emerge from 
this study is the understanding of the pharmacodynamic 
relationship between rhuMAb-E25 and both unbound 
and complexed IgE. This relationship suggests that 
rhuMAb-E25 may alter the equilibrium that exists in 
vivo between cell-bound FceRI and free IgE. The phar- 
macodynamic data from this study demonstrate that 
consistent suppression of serum free IgE to the lowest 
levels of detection requires an initial rhuMAb-E25/total 
IgE (free IgE and IgE complexed with rhuMAb-E25) 
ratio of approximately 10 to 15:1 (Fig. 4, A and B). This 
analysis implies that dosing should be calculated on the 
basis of individual baseline IgE values. In this study 
dosing of rhuMAb-E25 at approximately 0.005 mg/kg/ 
week for each international unit per milliliter of baseline 
IgE suppressed serum free IgE to the lowest level of 
assay detection at steady state. 

The assessment of efficacy in this study must therefore 
be interpreted in the context of the pharmacodynamic 
data. According to these analyses, only 11 patients in the 
highest dose group (0.5 mg/kg) were adequately treated 
to achieve full suppression of serum free IgE concentra- 
tions, a sample too small to demonstrate statistically 
significant differences between the active and placebo 
treatment groups. However, symptom scores were 

shown to correlate with antigen-specific IgE; thus, lower 
symptom scores would be expected in patients with 
lower levels of free IgE during the season, because they 
should have little antigen-specific IgE. There is some 
evidence of this, because patients with the lowest level of 
free IgE during the ragweed season (-<45 ng/ml) had 
symptom scores that were approximately 0.2 units lower, 
on average, than the other patients. Because the number 
of patients with serum free IgE suppressed to the lowest 
levels of detection was low and because the variability in 
the symptom scores was high, no further investigation of 
a possible treatment effect in patients with the greatest 
suppression of serum free IgE levels was done. 

The data from this study confirm the results of earlier 
studies 13 that rhuMAb-E25 is well tolerated and safe at 
the dose levels administered. Pharmacodynamically, it is 
apparent that if baseline serum IgE concentration is 
taken into consideration in determining dose level, then 
dose-dependent suppression of free IgE to or below the 
lowest levels of detection can be achieved. The original 
hypothesis, that partial reduction of serum free IgE 
would lead to amelioration of seasonal ragweed allergic 
rhinitis symptoms, needs to be modified. Our data 
suggest that if sufficient quantities of rhuMAb-E25 are 
given to fully suppress serum free IgE levels, then 
allergic rhinitis symptoms will likely decrease or be 
ameliorated. Because equivalent results were found with 
IV and SC dosing regimens, this form of therapy is 
practical and likely could be administered in regimens 
similar to traditional immunotherapy. Therefore further 
investigation of rhuMAb-E25 in the treatment of the 
symptoms of allergic diseases is warranted. Indeed, a 
safe and effective therapy for allergic diseases that is not 
antigen-specific would provide a novel and useful tool 
for the armamentarium of the clinical allergist/immunol- 
ogist. 
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