
Immunotherapy for cat asthma 
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Arouna Khattignavong, MD, Philip S. Norman, Jr., MD, and 
Gary L. Rosenberg, MD Baltimore, Md. 

In 22 patients with cat asthma who were highly sensitive to cat, we compared, double-blind, the 
effects of immunotherapy with cat-hair and dander extract (II patients) with effects of placebo 
(II patients). Patients were matched by the dose of the cat extract expressed in Food and Drug 
Administration (FDA) units of Fe1 d I (previously called cat allergen I) required for end point 
reaction in intradermal skin test end point titration (STEPT), for in vitro leukocyte histamine 
release (LHR), and for the dose of cat extract producing a 20% fall in FEV, (cat-extract PD,,) 
in bronchoprovocation test. Patients were matched also for bronciz~provocation dose of 
methacholine producing a 20% fall in FEV, (methacholine PD,,). Patients were ramiomly 
assigned to one of two treatment groups. During immunotherapy, doses were increased to 
maintenance dose of 4.56 FDA units of Fe1 d I, or, if this were less, to the highest tolerated 
dose. Systemic reactions to cat-extract immunotherapy were mild and infrequent. Before and 
during immunotherapy, we measured (in FDA units of Fe1 d I) cat-extract PD,,, cat-extract 
intradermal STEPT, cat-extract in vitro LHR, serum levels of cat IgG and cat IgE, and 
methacholine PD,, After they had received I year of immunotherapy, patients receiving car 
extract, in comparison to patients receiving placebo, had decreased cat-extract PD,, 
(p < O.OI), diminished responses to cat-extract intradermal STEPT (p < 0.025), increased IgE 
antibodies toward cat extract (p < O.OI), increased IgG antibodies toward cat extract, R1 d I. 
and cat albumin (p < O.OOl), but no significant change in cat-extract in vitro LHR or in 
methacholine PD,, . We conclude that cat-extract immunotherapy was well tolerated, 
significantly decreased skin and bronchial responses to cat extract, ‘and sign$cantly increased 
IgE antibodies to cat extract and IgG antibodies to cat extract, Fe1 d I, and cat albumin. 
(JALLERGY CLINIMMUNOL 1988;82:1055-68.) 

Cat asthma is a common condition that produces 
considerable morbidity. ‘A Although cat avoidance in 
theory provides adequate treatment, it may be difficult 
or impractical to implement for at least two reasons. 
First, many people keep cats. For example, it has been 
estimated that 3 1% of the homes in the USA contain 
one or more cats.’ Second, significant quantities of 
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cat allergen have been demonstrated in dust collected 
from houses in which cats were not kept, or, at least, 
were alleged to be absenL6 Therefore, irnmun&erapy 
with cat allergenic extract is frequently used in an 
attempt to reduce symptoms of asthma caused by ca- 
sual exposure to cats. 1-4 Consequently, it is important 
to have reliable information on the safety and effec- 
tiveness of this immunotherapy. 

Currently available, reliable information comes 
from the published results of three separate, random- 
ized, placebo-controlled, double-blind trials. I-‘. ‘-’ 
These trials have involved, coHectively, 29 actively 
treated and 25 placebo-treated patients with cat 
asthma. Immunotherapy with cat extract produced 
multiple, statistically significant effects in comparison 
to placebo. Systemic reactions occurred one or more 
times in 18* of the 29 patients who received cat 

*One or more systemic reactions in three of five patients receiving 
cat extract,’ in four of nine patients receiving cat extract.* and 
in 16 of 22 patients, of whom 15 received cat extract and seven 
received dog extract.3 
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Abbreviations used 
Fe1 d I: Name assigned by the Inter- 

national Union of Immunolog- 
ical Societies Subcommittee 
on Allergen Nomenclature for 
the cat (Felis domesticus) al- 
lergen, previously called cat 
allergen 1 lo 

FDA unit: Arbitrary unit (about 4.5 pg2’) 
for measurements of Fe1 d I in- 
troduced by Anderson and 
Baer” of the USA Food and 
Drug Administration 

HSA-saline: Normal saline with 0.03% hu- 
man serum albumin preserved 
with 0.4% phenol 

STEPT: Skin test end point titration 
LHR: Leukocyte histamine release 

Cat-extract PD2,: Bronchoprovocation dose of 
cat extract that produces a 20% 
fall in FEV, 

Methacholine PD,,: Bronchoprovocation dose of 
methacholine that produces a 
20% fall in FEV, 

Cat-room Dose of cat allergen inspired 
exposure PD,: from cat-room air that pro- 

duces a 20% fall in FEV, 
r,: Spearman rank-correlation co- 

efficient 
pt: Patient 

extractle3 and were associated with rapid dose buildup 
and high peak doses. Other significant effects included 
decreases in bronchial reaction to inhalation challenge 
with cat extract,“3 delay in onset of eye and pulmonary 
symptoms during exposure in a room containing living 
cats,’ decrease in cutaneous reaction to prick test with 
cat extract,‘. ** 8 increase in IgG antibodies to cat an- 
tigens, including Fe1 d I,*, 7-9 and an initial rise in 
anticat IgE levels followed by a fall toward pretreat- 
ment levels .*, 9 The effects of immunotherapy on non- 
specific bronchial reactivity differed in the three 
studies. One study reported significant decreases 
in responses to histamine bronchoprovocation3; the 
other two studies reported no significant changes 
in responses to histamine bronchoprovocation’ and 
to methacholine bronchoprovocation,2 respectively. 
However, the cat-hair and dander extract used for im- 
munotherapy in the study3 that reported reduction in 
reactivity differed from the cat-pelt extract used in the 
studies’* * that reported no change. 

Our purpose was to provide more data on the safety 
and effectiveness of immunotherapy with cat extract 
for cat asthma. We have attempted to reduce the fre- 

J. ALLERGY CLIN. IMMUNOL. 
DECEMBER 1988 

TABLE I. Patients’ characteristics at the time 
of onset of immunotherapy 

Treatment group 

Characteristic Cat extract Placebo 

Total No. patients 11 11 
M 5 5 
F 6 6 
Age W 

21-30 4 4 
31-40 3 5 
41-50 3 1 
51-52 1 1 

Previous immu- 5 1952* 4 1953-68* 
notherapy 

1965 1959 
1969-71 1962-63 
1969-76 1979 
1975 (catt) 

*Year(s) in which previous immunotherapy was administered. 
t The one patient known to have received cat-extract immunother- 

apy previously. 

quency of systemic reactions by using a dose buildup 
process that was slower than that used in the three 
previous studies. I-3 We have ,studied the effects of 
immunotherapy on the results of cat-extract broncho- 
provocation tests, skin tests, and in vitro LHR, on 
IgG antibodies toward whole cat extract, toward 
Fel d I, and toward cat albumin, on IgE antibodies 
toward cat extract, and on nonspecific bronchial reac- 
tivity. We have developed methods for measuring cat- 
room exposure PD,,. 

METHODS 
Patients 

We have treated 22 patients who had a history of asthma 
after exposure to cat. Their ages and sex are presented in 
Table I. No patient was pregnant at the onset of immuno- 
therapy. Nine of the 22 patients had been immunized with 
allergenic extracts in the past (Table I), but only one patient 
was known to have received cat extract. None had received 
immunotherapy within 5 years before the onset of the present 
study. All patients met the following criteria: a history of 
repeated episodes of asthma after natural exposure to cats, 
a 2+ reaction to intradermal skin test to cat extract at 
a concentration containing no more than 4.56 x 1O-4 
(0.000456) FDA units per milliliter of Fe1 d I, in vitro LHR 
by cat extract, significant levels of IgE antibody toward cat 
extract, a 20% drop in FEV, from exposure to a room 
containing living cats, and also from bronchoprovocation 
with cat extract. 

The patients were recruited by news media release, from 
The Johns Hopkins Allergy Clinics, and the practices of the 
participating physicians. 
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TABLE II. Treatment schedule 

Dose 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Concentration 

1: 1000 

1: 100 

I:10 

ml 

0.1 
0.2 
0.35 
0.7 
0.1 
0.2 
0.35 
0.7 
0.1 
0.15 

Dose 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Concentration 

I: IO 

CONC” 

---~ 
ml 

0 2 
0.3 
il.45 
0 7 
0. I 
!?. 15 
Il.2 
0.3 
0.45 
O”7 

1.0 

*Concentrated solution of cat extract contained 4.56 FDA units of Fe1 d I per milliliter. Concentrated solution of placebo contained 0.275 
mg of histamine phosphate per milliliter. Dilutions were made with HSA-saline. 

Cat extract and placebo 
Cat allergenic extract ALK 1209/229452 was supplied 

by Allergologisk Laboratories, Copenhagen, Denmark. Per- 
mission for use of this extract in this study was granted by 
U.S. Food and Drug Administration BB-IND 1770. This 
extract was prepared by extracting hair and dander obtained 
from overtly healthy cats. It was distributed in vials, each 
containing 2 million SQ units of freeze-dried extract. When 
the contents of one vial were reconstituted with 20 ml 
of diluent, the resulting solution contained 4.56 FDA 
units (about 21 Fgz5) of Fe1 d I and 9.0 pg of cat albumin 
per milliliter. The manufacturer had demonstrated by 
crossed radioimmunoelectrophoresis that the extract con- 
tained Fe2 d I, cat albumin (Ag 2), and epithelial allergens, 
which have been designated Ag 3, Ag 11, Ag 12, and 
Ag 13, according to Danish Allergen Standardization 76 for 
cat hair and dander.‘* This extract was used for immunother- 
apy and for those diagnostic tests that required cat extract. 

In this study we used a placebo solution that was indis- 
tinguishable in color from the cat extract. The concentrated 
placebo solution was prepared by diluting histamine phos- 
phate injection, United States Phatmacopeia, 2.75 mg/ml, 
1 ml in 9 ml of HSA-saline. Tenfold dilutions with HSA- 
saline were prepared to provide a graduated increase in local 
reactions caused by histamine. 

Freeze-dried cat extract was stored at about - 10” C; 
diluted solutions were stored at about 4” C. Fresh dilutions 
of cat extract and placebo were made at intervals of about 
1 month. 

Initial screening evaluation 
Initial evaluation of prospective patients began with his- 

tory and physical examination. Thereafter, intradermal 
STEPT with cat extract was accomplished according to the 
method of Norman et alI3 Serial tenfold dilutions of re- 
constituted cat extract were applied to the skin of the pa- 
tient’s back. Testing was carried through dilutions weak 
enough to elicit a negative or trace reaction, Disposable 1 .O 
ml tuberculin syringes with 26-gauge needles were used to 

inject 0.05 ml of the extract dilutions intradermally. The 
result was read 15 minutes after application of the test. The 
perimeter of the zone of erythema and the perimeter of the 
wheal produced by each intradermal skin test were outlined 
with a ballpoint pen with black ink. Hypoallergenic micro- 
pore surgical tape (3M No. 1535, 3M Medical-Surgical 
Division, St. Paul, Minn.) was applied to the tracing to take 
off the results of the test. The tape was mounted on white 
paper and produced a permanent record of the perimeter of 
the wheal and of the erythema. The largest diameter of the 
wheal and the orthogonal diameter (that diameter perpen- 
dicular to the midpoint of the largest diameter of the wheal”) 
were measured, and the arithmetic mean of these two values 
was taken as the d,iameter of the wheal. The mtxtn diameter 
of the zone of erythema was calcuIated in a similar fashion 
from the measurements of its largest diameter and of its 
orthogonal diameter. The end point was the equivalent dose 
of Fe1 d I in FDA units that was contained within 0.05 ml 
of the most dilute solution required to produce a 2 + skin 
reaction (wheal diameter, 3 10 mm; erythema diameter, 20 
to 30 mm). Where successive tenfold dilutions produced a 
0 to 1 + reaction (wheal diameter, <lo mm; erythema di- 
ameter, <20 mm) followed by a 3 + or greater reaction 
(wheal diameter, ~210 mm; erythema diameter, >30 mm), 
the end point was the dose halfway between the log dose 
for 1 + reaction and the log dose for 3 + or greater reaction. 
Patients were admitted to the study who had a 2 + reaction 
to a dilution equal to or less concentrated than a 1: 10,000 
dilution of an extract containing 4.56 FDA units per miJliliter 
of Fe1 d I. 

To calculate more precisely the dose of extract that 
produced a definable end point in the intradermal test, 
we measured the dose required to produce a zone of skin 
erytbema with a mean diameter of 20 mm by a modifi- 
cation of the method described by Turkeltaub et aLa4 The 
mean erythema diameter was plotted as a function of the 
log dose of cat extract (in FDA units of Fe1 d I equiv- 
alents) for the two successive tenfold dilutions of cat ex- 
tract that produced erythema diameters of ~120 mm and of 
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El Maximum dose 

/El Cumulative dose 

X Systemic reaction 
0 Large loco1 reaction 

I Patient1 l12131415161716ISllOlII 

Mo+ofTreotment~12~12~12~12~12~6~12~12~12~12~12 
InjectionsI 41 (30122145[16112 140(35136133129 

FIG. 1. The maximum single dose and the cumulative dose 
of cat extract administered to each patient during the first 
year of immunotherapy. Also illustrated is the dose at 
which each large local reaction and each systemic reaction 
occurred, the number of months during the year in which 
treatment was administered, and the number of injections 
administered. 

>20 mm, respectively, and the dose was calculated that 
produced a zone of erythema with a mean diameter of 
20 mm. 

Comprehensive initial evaluation 
Patients meeting the criteria for entry into the study de- 

scribed above were further evaluated. Hematocrit, total and 
differential white blood cell counts, and urinalysis were 
p3fOlllW.l. 

Allergy skin testing with seasonal and perennial inhalant 
allergens was accomplished by methods routinely used in 
The Johns Hopkins Allergy Clinics. 

In vitro LHR by cat extract was done by a method that 
used micromodification of the release phase according to 
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the method of May et al. I4 and the automated measurement 
of histamine according to the technique of Siraganian.” 

Serum levels of anticat IgE toward cat extract were mea- 
sured by an agarose-based RAST,16 and total IgE levels were 
measured by a noncompetitive radioimmunosorbent test, as 
described previously. I6 Serum levels of anticat IgG toward 
cat extract were measured by Staphylococcus aureus protein 
A solid-phase radioimmunoassay with the same allergosor- 
bent as for the RAST.” The cat allergosorbent used for both 
the IgE and IgG determinations was prepared from the cat 
extract used for the study. 

Specific IgG and IgE antibodies toward highly purified 
Fe1 d I and cat albumin were measured by a double-antibody 
radioimmunoassay’ with the Fe1 d I preparation reported 
previously” and a cat-albumin preparation kindly supplied 
by Dr. John Ohman.’ IgE antibody levels were measured 
only on pretreatment sera because of probable interference 
in the IgE determination from the high IgG antibody levels 
found in most posttreatment sera. The antibody levels to- 
ward both purified cat allergens are expressed in arbitrary 
units per milliliter where 1 unit is about 1 ng. These units 
were carefully calibrated against units used in a previous 
study7 to ensure comparability between studies. 

Bronchoprovocation with cat extract was performed, as 
described previously.” Increasing concentrations were ad- 
ministered until a 20% or greater fall in FEV, was observed 
and methacholine PD,, could be calculated. 

Bronchoprovocation with methacholine was adminis- 
tered, as previously described.” Increasing concentrations 
were administered until methacholine PD,, or greater was 
observed and could be calculated. 

Cat-room exposure was accomplished by methods pre- 
viously reported.” Exposure was continued for a maximum 
of 2 hours. It was stopped when the patient experienced 
a 20% or greater fall in FEV, so that cat-room exposure 
PD, (in Fe1 d I equivalents) could be calculated. In 
those circumstances in which the patient experienced less 
than cat-room exposure PD, during the 2-hour expo- 
sure period, the cat-room exposure PD,, could not be 
calculated. 

Treatment 
Patients were divided into two matched groups; each 

group ultimately contained 11 patients. Matching of the 
groups was based on sensitivity to the study cat extract as 
determined by intradermal STEPT, in vitro LHR, and cat- 
extract PDZO, and on nonspecific bronchial reactivity, as 
measured by methacholine PD,. Patients were entered into 
immunotherapy in cohorts containing four to six patients. 
By random selection, one group received cat extract and 
the other group received placebo at intervals of about 1 
week, according to the schedule of injections presented in 
Table II. After dose No. 21 was achieved, this dose was 
continued as a maintenance dose at intervals of about 2 
weeks until the patient had had a year or more of treatment. 
If local or systemic reactions prevented reaching dose no. 
21, the highest tolerated dose was administered as a main- 
tenance dose. 
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Blinding was accomplished by methods previously de- 
scribed. ‘* Briefly, the personnel was divided into an injecting 
and an evaluating team. The injecting team decided doses 
in full knowledge of the patient’s treatment and responses 
but did not evaluate the patient’s response to treatment. The 
evaluating team carried out all patient contacts except the 
actual injections but remained blind to the treatment. The 
patients did not know what treatment they were receiving. 

Observations 
Patients kept a daily record of asthmatic symptoms and 

medications taken.“. M During the initial series of injections 
of rising doses of extract and the subsequent course of main- 
tenance injections, we obtained a physician record o$symp- 
toms and physical findings pertaining to asthma and a mea- 
surement of peak expiratory flowZO each time the patient 
attended the clinic. 

Intradermal STEPT, in vitro LHR, cat-extract PDzo, and 
methacholine PD,, were measured before immunotherapy 
and at about 6-month intervals thereafter. Serum levels of 
IgG and IgE antibodies toward the whole cat extract were 
measured before immunotherapy and at about 3-week in- 
tervals during the dose buildup phase of immunotherapy 
and at about 3-month intervals thereafter. IgG antibody 
levels toward Fe1 d I and toward cat albumin were measured 
before immunotherapy and at about &month intervals there- 
after in the patients treated with cat extract. In placebo- 
treated patients, they were measured before treatment and 
after about 1 year of treatment, or after about 6 months of 
treatment in patients treated for less than 1 year. IgE anti- 
bodies toward Fe1 d I and toward cat albumin were measured 
before immunotherapy. 

The technique for measuring responses to the room con- 
taining living cats4 was not developed until five patients (cat 
extract-treated group patients 2, 7, and 8; placebo-treated 
group patients 3 and 5) had received immunotherapy for 1 
year and six patients (cat extract-treated group patients 3, 
4, and 5; placebo-treated group patients 2, 4, and 7) had 
received immunotherapy for 6 months. Therefore, only 11 
patients (cat extract-treated group patients 1, 6, 9, 10, and 
11; placebo-treated group patients 1, 6, 8, 9, 10, and 11) 
had measurements of these responses made before treatment 
and, for the duration of treatment, at about 6-month intervals 
thereafter. The other patients had their first measurements 
about 6 months after onset of treatment (six patients) or 
about 1 year after the onset of treatment (five patients) (see 
Fig. 8). 

Analysis of data 
Data from placebo-treated and cat extract-treated pa- 

tients were compared by the nonparametric Mann-Whitney 
U test” or the Wilcoxon ranked-sums test.” The r, was used 
to measure the significance of the correlations between the 
results of various tests used in the same patient.” Data 
reduction and statistical testing were performed with the 
CLINFO computer system provided by the National Insti- 
tutes of Health Division of Research Resources to The Johns 
Hopkins University School of Medicine. 

TABLE III. Large local reactions and 
systemic reactions during the first year of 
immunotherapy with cat extract 

- .---- --- .____I_. 
NO. 

Subjects 
Injections 
Large local reactions 

Reactors 
Reactions 
Reactions per 100 

injections 
Systemic reactions 

Reactors 
Reactions 
Reactions per 100 

injea:ions 

RESULTS 
MaSching of patient groups 

The patient group that received cat extract and the 
group that received placebo were matched so that they 
were not significantly different with reference to pre- 
treatment measurements of responses to cat-extract 
intradermal STEPT and in vitro LHR tests, measure- 
ments of cat-extract PDzO and metbacholine PDao, se- 
rum levels of I@ and I@ antibodies toward whole 
cat extract, Fel d I, and cat albumin (see Figs. 2 to 
7). 

Dosage achiwed (Fig. 1) 

During the first year of immunotherapy with cat 
extract, five of the 11 patients achieved the target 
maximum dose of 4.56 FDA units of Fef d I equiv- 
alents, and four other patients achieved maximum 
doses of 2.05, 0.91, 0.91, and 0.32 FDA units of 
Fef d I, respectively. These nine patients received a 
total of 22 to 45 (median 35) injections and cumulative 
doses of 3.6 to 115.8 (median 46.2) FDA units of 
Fef d I equivalents during a time period of 12 months. 
They were considered to have received adequate treat- 
ment with cat extract. Two other patients received 
much lower doses and were considered to have re- 
ceived inadequate treatment with cat extract. One pa- 
tient (No. 5) came in for injections at very irregular 
intervals, and during the first 12 months of immu- 
notherapy, had only 16 injections and achieved a max- 
imum dose of 0.02 and a cumulative dose of 0.08 
FDA units of Fe1 d I. The other patient (No. 6) dropped 
out of the trial after 6 months of therapy at a time 
when she had received 12 injections and had achieved 
a maximum dose of 0.09 and a cumulative dose of 
0.36 FDA units of Fe1 d I. 
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CATEXTRACT 
YEARS OF TREATMENT 

PLACEBO 

FIG. 2. Cat-extract PDI in log FDA units of Fe/ d I before treatment and at g-month intervals for 
the duration of treatment. 

Untoward reactions 

The reactions that occurred during the first year of 
immunotherapy in the patients that received cat extract 
amlisted in Table III. Two subjects each had one mild 
systemic reaction that required treatment with anti- 
histamines. The systemic reaction rate was 0.6 re- 
actions per 100 injections. Twenty-six large local re- 
actions (induration >5 cm in diameter) occurred in 
the 11 patients, a reaction rate of 7.7 per 100 injec- 
tions. Twelve of these reactions (46% of the total) 
were observed in one patient. Five subjects had neither 
systemic nor large local reactions. The doses at which 
systemic and large local reactions occurred are pre- 
sented in Fig. 1. 

Treatment and control groups 

For the purpose of data analysis, the patients were 
divided into a treatment group and a control group. 
The treatment group contained the nine patients who 
were considered to have achieved adequate mainte- 
nance doses of cat extract between 0.23* and 4.56 
FDA units (about 1 to 21 &> of Fe1 d I: The control 
group contained the 11 patients who received placebo 
and the two patients who were considered to have 
achieved inadequate maintenance doses of cat extract 
of 0.023 and 0.092 FDA units (about 0.1 to 0.5 Fgz5) 
of Fe1 d I, respectively. The responses of the two 

*Patient No. 10 had large local or systemic reactions to doses 
containing 0.32 and 0.27 FDA units of Fe1 d I (Fig. 1) and 
therefore was maintained at a dose containing 0.23 FDA units 
of Fe1 d I. 

patients who received inadequate doses of cat extract 
are differentiated from responses of the nine patients 
who received adequate doses in the figures that report 
the data (Figs. 2 to 8). Treatment and control groups 
demonstrated no significant differences with reference 
to pretreatment measurements of cat-extract PD?,, 
(Fig. 2), cat-extract intradermal STEPT (Fig. 3), 
methacholine PD, (see Fig. 5), IgG antibody levels 
toward whole cat extract, Fe1 d I, and cat albumin 
(see Fig. 6), IgE antibody levels toward whole cat 
extract (see Fig. 7)) Fe1 d I, cat and cat albumin, 
and in vitro LHR by whole cat extract (Fig. 4). 
The responses of the nine patients in the treatment 
group were also compared to the responses of the 
11 patients who received placebo (placebo-treated 
group). 

Responses of patients to cat-extract 
bronchoprovocation (Fig. 2) 

After 6 months of immunotherapy, the patients in 
the treatment group had a small but not yet significant 
increase in cat-extract PD*,, in comparison to the 
patients in the control group and to patients of the 
placebo-treated group. Comparison of the ratios of the 
values of these measurements at 6 months to the values 
of measurements obtained before treatment in patients 
in the treatment group and the control group revealed 
a median ratio of 1.45 in the treatment group (range, 
1.15 to 3.24) and a median ratio of 0.95 (range, 0.045 
to 3.16) in the control group (p = 0.1). Comparison 
of the same ratios in the patients in the treatment group 
to these ratios in patients in the placebo-treated group 
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PLACEBO 
Years of Treatment Years of Treat 

- 6S 

FIG. 3. lntradermal doses of cat extract in log FDA units 
of Fe/ d I required to produce a zone of skin erythema 
with a mean diameter of 20 mm before treatment and at 
B-month intervals for the duration of treatment. 

(median, 0.95; range, 0.045 to 3.16) revealed a similar 
trend @ < 0.1 > 0.05). 

After I year of immunotherapy, the patients in the 
treatment group had a larger and by now significant 
increase in cat-extract PD,, in comparison to patients 
in the placebo-treated group. Comparison of the ratios 
of the values of the measurements at 1 year to the 
values of the measurements obtained before treatment 
in patients in the treatment and control groups revealed 
a median ratio of 2.8 (range, 1.2 to 46.8) in the treat- 
ment group and a median ratio of 0.80 (range, 0.15 
to 3.8) in the control group (p < 0.0 1). Comparison 
of the same ratios in the patients in the treatment group 
to these ratios in patients in the placebo-treated group 
(median, 0.83; range, 0.55 to 3.8) also revealed a 
significant difference (p < 0.01). 

Resrponrees of patients to cat-extract 
intrwkrmal STfPT (Fig. 3) 

After 1 year of immunotherapy (but not after 6 
months of immunotherapy), the patients in the treat- 
ment group, in comparison to patients in the control 
group, had a significant increase in the intradermal 
S’IEPT dose of cat extract required to produce a zone 
of skin erythema with a mean diameter of 20 mm. 
Comparison of the ratios of the values of these mea- 
surements at 1 year to the values obtained before treat- 
ment in patients in the treatment and control groups 
revealed a median ratio of 3.98 (range, 1.4 to 58.9) 
in the treatment group and a median ratio of 1.16 
(range, 0.31 to 5.2) in the control group (p < 0.01). 
Comparison of the same ratios in patients in the treat- 

CAT EXTRACT 
YEARS Of’ TREATMENT 

PLACEBO 
YEARS OF TREATMENT 

FIG. 4. The quantity of cat extract in log FDA units of 
Fe/d I required to produce 50% in vitro LHR before treat- 
ment and at B-month intervals for the duration of therapy. 

ment group to these ratios in patients in the placebo- 
treated group (median, 1.51; range, 0.3 1 to 5.2) re- 
vealed a similar significant difference (p < 0.01). 

Responses of patients to in vitro L#R tests 
(Fig. 4) 

After 1 year of immunotherapy, there was no sig- 
nificant difference between the patients in the treat- 
ment group and those in the control group with regard 
to responses to in vitro LHR tests, as measured by 
the doses of cat extract, expressed in FDA units of 
Fe1 d I, required for 50% in vitro LHR. Comparison 
of the ratios of the values of these measurements at 
1 year to the values of measurements made before 
treatment in pa.tients in the treatment and control 
groups revealed a median ratio of 0.76 (range, 
O.OOOOO16 to 47,863) in the treatment group and a 
median ratio of 15.1 (range, 0.00001 to 5,011,812) 
in the control group (p = 0.159). The wide vari- 
ability of the values of the measurements was note- 
worthy and was observed both within the groups of 
patients and in most individual patients. 

Responses of patients to methmholine 
bronchoprovmation (Fig, 5) 

After 1 year of immunotherapy, there was no sig- 
nificant differen’ce between the patients in the treat- 
ment group and patients in the control group with 
reference to responses to methacholine bronchoprov- 
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FIG. 5. Methacholine PDm in log units before treatment and at g-month intervals for the duration 
of treatment. 

PLACEBO 
YEARS OF TREATMENT 

ocation. Comparison of the ratios of the values of 
methacholine PD, measurements at 1 year to the val- 
ues of measurements made before treatment in patients 
in the treatment and control groups revealed a median 
ratio of 0.76 (range, 0.28 to 1.3) in the treatment 
group and a median ratio of 1.32 (range, 0.33 to 
125.9) in the control group (p = 0.18). 

Anticat IgG antibody levels (Fig. 6) 

Toward whole cat extract. After both 6 months and 
1 year of immunotherapy, the patients in the treatment 
group, in comparison to patients in the control group, 
had a significant increase in IgG antibody toward 
whole cat extract (Fig. 6). Comparison of the ratios 
of the values of these measurements at 6 months to 
the values obtained before treatment in patients in the 
treatment and control groups revealed a median ratio 
of 1.60 (range, 1.09 to 2.47) in the treatment group 
and a median ratio of 0.94 (range, 0.52 to 1.49) in 
the control group (p < 0.001). Comparison of the 
ratios of the values of these measurements at 1 year 
to the values obtained before treatment in patients in 
the treatment and control groups revealed a median 
ratio of 3.93 (range, 1.77 to 30.7) in the treatment 
group and a median ratio of 1.1 (range, 0.36 to 2.14) 
in the control group (p < 0.001). 

Comparison of the same ratios in the patients in the 
treatment group to these ratios in patients in the 
placebo-peated group (6-month median, 0.94; range, 
0.52 to 1.49; 6-month median, 1.1; range, 0.36 to 
2.14) revealed similar highly significant differences 
(p = 0.0025). After 1 year of immunotherapy, these 
antibody levels tended to plateau. 

Toward Fe1 d I. After 1 year of immunotherapy, 
the patients in the treatment group, in comparison to 
patients in the control group, had a significant increase 
in IgG antibody toward Fe1 d I (Fig. 6). Comparison 
of the ratios of the values of these measurements at 
1 year to the values obtained before treatment in pa- 
tients in the treatment and control groups revealed a 
median ratio of 13.5 (range, 4.75 to 33.1) in the 
treatment group and a median ratio of 0.9 (range, 0.53 
to 2.77) in the control group (p < 0.001). Compar- 
ison of the same ratios in patients in the treatment 
group to these ratios in patients in the placebo-treated 
group (median, 0.9; range, 0.53 to 2.77) revealed 
similar highly significant differences (p < 0.001). 

Toward cat albumin. After 1 year of immunother- 
apy, the patients in the treatment group, in comparison 
to patients in the control group, had a significant in- 
crease in IgG antibody toward cat albumin (Fig. 6). 
Comparison of the ratios of the values of these mea- 
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FIG. 6. Serum levels of IgG antibody toward whole cat extract in nanograms per mitliliter towerd 
Fe/d I in units per milliliter, and toward cat albumin in units per milliliter before treatment and 
at B-month intervals for the duration of treatment, except for levels toward Fe/ d I and toward 
cat albumin in placebo-treated patients, which were made only after 1 year of treatment or after 
6 months of treatment in these patients treated for less than 1 year. 

surements at 1 year to the values obtained before treat- 
ment in patients in the treatment and control groups 
revealed a median ratio of 9.91 (range, 1 to 743) in 
fhe freatment group and a median ratio of 1 .O (range, 
0.94 to 1.67) in the control group (p < 0.001). Com- 
parison of the same ratios in patients in the treatment 
group to these ratios in patients in the placebo-treated 
group (median, 1.0; range, 0.94 to 1.67) revealed 
similar highly significant differences (p < 0.001). 
Although each of the nine patients in the treatment 
group had an increase in IgG antibodies toward both 

whole cat extract and fel d I, eight of these nine pa- 
tients had an increase in IgG antibody toward cat 
albumin and one did not. 

AntiaIgEm levels (Fig. 7) 

Toward whole cat extract. Most of the patients who 
received cat extract had a modest rise in serum level 
of IgE antibody toward whole cat extract, faIlowed 
by a fall to levels near or slightly below t&e pretreat- 
ment levels. Most patients who received placebo dem- 
onstrated little change in IgE levels. After both 6 
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FIG. 7. Serum levels of IgE antibody toward whole cat extract in nanograms per milliliter before 
treatment and at 3-month intervals for the duration of treatment. 

months and 1 year of immunotherapy, the patients in 
the treatment group, in comparison to patients in the 
control group, had a significant increase in IgE anti- 
bodies toward whole cat extract. Comparison of the 
ratios of the values of these measurements at 6 months 
to those obtained before treatment in patients in the 
treatment and control groups revealed a median ratio 
of 1.59 (range, 0.22 to 6.04) in the treatment group 
and a median ratio of 0.89 (range, 0.64 tol.24) in the 
control group (p = 0.025). Comparison of the ratios 
of the values of these measurements at 1 year to values 
obtained before treatment in the treatment and control 
groups revealed a median ratio of 1.77 (range, 0.8 to 
7.01) in the treatment group and a median ratio of 
0.83 (range, 0.51 to 1.64) in the control group 
(p < 0.01). Comparison of the same ratios in the 
patients in the treatment group to these ratios in 
patients in the placebo-treated group (6-month 
median, 0.68; range, 0.64 to 1.24; l-year median, 
0.8; range, 0.51 to 1.27) revealed similar signifi- 
cant differences (6 months, p = 0.025; 1 year, 
p < 0.01). 

Toward Fe1 d 1. All patients with IgE antibody to- 
ward whole cat extract before immunotherapy had 
detectabie serum levels of IgE antibody toward Fe1 d 
I. These levels in units per milliliter were the following 
for cat-extract treated patients: 4 (pt 1 l), 5 (pt 6), 
7 (pt w, 9 (pt a, 11 (pt 31, 17 (pt 71, 18 (pt 41, 

19 (pt 9), 30 (pt 5), 53 (pt lo), and 57 (pt 1). For 
placebo-treated patients, levels were 5 (pt 4), 6 (pts 
5 and 8), 9 (pt ll), 10 (pt 6), 12 (pt l), 19 (pt 7), 
27 (pt 9), and 45 (pts 2, 3, and 10). For each patient, 
there was significant rank correlation between the 
levels of IgE antibody toward whole cat extract and 
levels toward Fe1 d I (rS = 0.81; p < 0.01). 

Toward cat albumin. Only three of the 22 patients 
had detectable serum levels of IgE antibody toward 
cat albumin before treatment. The serum level in units 
per milliliter was 26 in cat extract-treated patient 1, 
and levels were 9 and 54, respectively, in placebo- 
treated patients 2 and 3. 

Responses of patients to deliberate natural 
exposure to cats (Fig. 8) 

Not every patient had measurements before treat- 
ment and after 6 months of immunotherapy because 
the method was not developed until the first cohort of 
five patients had been treated for 1 year and the second 
cohort of six patients had been treated for 6 months. 
Furthermore, there are multiple instances (Fig. 8, 
open circles) in which exposure to cat allergen in the 
cat room was not sufficient to produce a 20% fall in 
FEV, . Nevertheless, the data demonstrate a trend for 
all adequately treated patients to require a greater dose 
to respond, whereas of 11 patients receiving placebo, 
four required a greater exposure and two required less. 
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FIG. 8. The cat-exposure dose of Fe/ d I in log FDA units in the cat room. Those doses that 
produced a 20% fall in FEV, in 2 hours or less time are illustrated by closed circles; those doses 
that did not produce a 20% fall in FEV, are illustrated by open circles. In those circu.mstances 
in which the technique was available for use (see text), the measurements were made in each 
patient before treatment and at g-month intervals for the duration of treatment. 

There is difficulty with statistical analysis of the data 
because of the problems mentioned above. 

After 1 year of immunotherapy, our treated patients 
had decreased sensitivity to the effects of broncho- 
provocation with cat extract. The ratio between the 
value of cat-extract PD,, at this time to the value 
before treatment was larger in patients in the treatment 
group (median ratio, 2.8) than in patients in the control 
group (median ratio, 0.8). This difference in ratios 
was highly significant (p < O.Ol), albeit relatively 
small. Our favorable results confirm those of previous 
trial~.“~ Thus, decreased bronchial sensitivity to cat 
extract in immunized patients has now been demon- 
strated by somewhat different but comparable meth- 
ods in four different trials that have used a total of 38 
immunized patients and 38 control patients. The de- 
crease in sensitivity to cat-extract bronchoprovocation 
probably means that the patients also had a significant 
decrease in sensitivity to natural exposure to cats, 
because we have demonstrated previously that specific 
measurements of sensitivity by exposure to cat (cat- 
room exposure PD,) were significantly correlated 
with the results cat-extract PD, when the measure- 
ments were made on the same patient at approximately 
the same time.4 

After 1 year of immunotherapy, our treated patients 
also had decreased sensitivity to intradermal skin tests 

with cat extract. The ratio of the intradermal STEPT 
dose of cat extract required to produce skin erythema 
with a mean diameter of 20 mm after 1 year of treat- 
ment to the samle dose before treatment was signifi- 
cantly larger (p < 0.025) in patients in the treatment 
group (median ratio, 3 .O) than in patients in the control 
group (median ratio, 1.16). This finding of decreased 
skin sensitivity to cat extract in treated patients is 
demonstrated for the first time by use of the intra- 
dermal test but is comparable to the decmase in skin 
sensitivity to prick test with cat extract demonstrated 
in the three previous trials. ‘-3 We have made a com- 
parison of the results of intradermaI tests and of prick 
tests in our patients with three different end points for 
the prick tests a.nd two different end points for the 
intradermal test and have demonstrated significant de- 
crease in skin sensitivity to cat extract after I year of 
immunotherapy by all five methods (p < 0.025 to 
CO.01). These results will be reported in detail 
elsewhere. 

We found no significant differences between the 
patients in the treatment group and patients in the 
control group with regard to their responses to in vitro 
LHR tests. These findings agree with findings previ- 
ously reported by our group for adult patients with 
ragweed-pollen hay fever treated with ragweed-pollen 
extract. ‘*, 23 However, the wide intrapatient variability 
and interpatient variability of the results of the in vitro 
LHR tests with cat extract differed from the more 
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restricted variability noted with in vitro LHR tests with 
ragweed extract. ‘*I 23 The reason for these differences 
is not apparent. 

In our patients, immunotherapy with cat ex- 
tract produced no change in sensitivity to inhaled 
methacholine. These findings are in agreement 
with those of two previous trials that reported in- 
significant changes in responses to methacholine 
bronchoprovocation’ and to histamine bronchoprov- 
ocation,’ respectively. Our findings disagree with find- 
ings of a third study that reported significant decreases 
in response to histamine bronchoprovocation.3 The 
reason for these differences is not entirely clear. The 
patients in the Scandinavian study who had a decrease 
in nonspecific bronchial reactivity3 had no cats or 
other furred animals at home.9 Patients in the pre- 
sent study and in the other two U.S. studies’. ’ had 
variable exposure to cat at home. It has been postu- 
lated that the increase in nonspecific bronchial reac- 
tivity in patients with asthma is a consequence of 
bronchial inflammation caused by the allergic reaction 
of the bronchi to chronic continuing exposure to spe- 
cific allergens. 26-29 Thus, patients with a higher level 
of chronic exposure to cats might demonstrate less 
decrease in nonspecific bronchial reactivity after ef- 
fective immunotherapy with cat extract than patients 
with a lower level of exposure. Furthermore, it may 
require treatment with all significant allergens (rather 
than a single one) to achieve a change in nonspecific 
reactivity. 

Immunotherapy with cat extract in doses between 
0.23 and 4.56 FDA units (about 1 to 21 kg*‘) of 
Fe1 d I was associated with large and highly significant 
increases in serum levels of IgG antibody to whole 
cat extract, similar to increases demonstrated in the 
three previous trial~.~~ 8, 9 As previously demonstrated 
by one of our group for sera obtained from one7 of 
the three previous trials, these increases in specific 
IgG antibody have always included significant in- 
creases in antibody to Fe1 d I, and frequently (observed 
in eight of nine patients in this study and in 13 of 16 
patients in the previous study7) have also included 
increases in IgG antibodies to cat albumin. 

Immunotherapy with cat extract in doses between 
0.23 and 4.56 FDA units (circa 1 to 21 pgz5) of 
Fe1 d I was usually associated with an increase in 
serum levels of IgE antibody to whole cat extract. In 
comparison to patients in the control group, patients 
in the treatment group had significant increases in 
serum levels of this specific IgE antibody after treat- 
ment for 6 months (p = 0.025) and for 1 year (p < 
0.01). The increase after 1 year of treatment occurred 
at a time when bronchial sensitivity to cat extract and 
skin sensitivity to cat extract were both significantly 
decreased. Evidently, the decreased bronchial and 

skin sensitivity to cat extract observed in these patients 
is not due to decrease in serum levels of IgE antibody 
toward cat extract. Ultimately, in most patients fol- 
lowed long enough, the serum levels of IgE antibody 
toward whole cat extract fell to levels near or lower 
than the levels before immunotherapy. These findings 
are similar to findings previously reported by the Scan- 
dinavian group. * 

Before immunotherapy, all patients had IgE anti- 
body toward whole cat extract and toward Fe1 d 
I. There was significant correlation (r, = 0.81; p < 
0.01) between the serum levels of IgE toward whole 
cat extract and levels toward Fe1 d I. This finding 
supports the previous findings that Fe1 d I is the major 
allergen in whole cat extract.2‘4, ‘-‘I 

Our patients had less frequent systemic reactions to 
immunotherapy (one reaction each in two of the 11 
patients) than the patients reported in the three pre- 
vious trials (one or more reactions in 18 of the 29 
patients; see footnote page 1055). We attribute this 
decrease in frequency of systemic reactions to a slower 
buildup in dose than that used in two of the previous 
trialS2~ 3 and to both a slower buildup in dose and a 
lower peak dose than that used in the third previous 
trial.’ However, it is important to emphasize that de- 
spite considerable caution in advancing doses, a few 
systemic reactions occurred in our patients receiving 
cat extract. These systemic reactions were similar in 
type but occurred less frequently than reactions ob- 
served in our studies of immunotherapy with ragweed- 
pollen extract administered by comparable schedules 
(cat, 0.6 systemic reactions per 100 injections; rag- 
weed, 3.2 systemic reactions per 100 injections).‘8’ 23 

We conclude that immunotherapy with cat-hair and 
dander extract is as safe as immunotherapy with 
ragweed-pollen extract when comparable dose buildup 
schedules and maintenance doses are used. 

More data are needed on the effects of immuno- 
therapy with cat extract on the responses of patients 
to natural exposure to cats. It appears desirable that 
the technique used in this trial for measuring cat-room 
exposure PD, should be modified to deliver, in 30 
minutes, about tenfold more cat allergen than that 
delivered in 2 hours by the technique used in the 
present study. Such an increment would elicit, in about 
30 minutes of exposure in the cat room, a dose of 
-about 0.23 FDA units (-0.64 log FDA units) of 
Fe1 d I, a dose of cat allergen equivalent to the peak 
cumulative doses provided by our bronchoprovocation 
technique at the present time. These doses should 
permit attaining a 20% fall in FEV, with all or most 
natural exposures to cats and thus generate data on 
decreased sensitivity to natural exposure to cat com- 
parable to the data on decreased sensitivity to bron- 
choprovocation with cat extract. It would then be pos- 
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sible to measure cat-room exposure PD2,, before treat- 
ment and at 6-month intervals for the duration of 
treatment. 

This study demonstrated that our patients who re- 
ceived adequate doses of cat extract for 1 year had a 
highly significant decrease in both bronchial and skin 
sensitivity to cat allergen. However, it is important to 
recognize that this decrease in sensitivity is limited; 
it is not a complete loss of sensitivity. The median 
decrease in both bronchial and skin sensitivity is about 
threefold. A less than complete reduction in sensitivity 
can only provide protection against cat-allergen ex- 
posure that is less than the newly raised level of tol- 
erance. How often the amount of cat allergen in the 
natural environment will exceed the protection af- 
forded by immunotherapy needs further study. Opti- 
mal control of cat asthma will probably require a com- 
bination of reduction in cat-allergen exposure and 
immunotherapy with cat allergenic extract, supple- 
mented by bronchodilators on occasions when asthma 
breaks through these preventive measures. What ex- 
posure elicits late-phase reactions has not been studied 
here. nor has the effect of immunotherapy on such 
reactions been investigated. 
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Lack of subsensitivity to terfenadine during 
long-term terfenadine treatment 

F. Estelle R. Simons, MD, FRCP(C),* Wade T. A. Watson, MD, FRCP(C),* 
and Keith J. Simons, PhD** Winnipeg, Manitoba, Canada 

Eleven healthy male volunteers ingested terfenadine, 60 mg, every 12 hours for 56 days. 
Compliance was monitored strictly throughout the study. Before the first terfenadine dose on day 
0, and I2 hours after the evening tet$enadine dose every seventh day and on randomly selected 
“unscheduled” days, wheal-and-Jlare areas were measured after intradermal injections of 0.01 
ml of histamine phosphate (I .O mglml and 0.1 mglml). On days 0, 28, and 56, six volunteers 
had skin tests hourly for 12 hours after the morning terfenadine dose. On all study days, serum 
tetfenadine metabolite I concentrations were measured each time histamine skin tests were 
performed. On days 7, 14, 21, 28, 35, 42, 49, and 56, the mean areas of the histamine-induced 
wheals did not differ significantly from each other but were significantly decreased compared to 
the mean wheal area on day 0 (p < 0.01). On these days, the mean areas of the 
histamine-induced flares also did not differ signt@antly from each other but remained 
significantly suppressed compared to the mean flare areas on day 0 (p < 0.01). Wheal-and-pare 
suppression was noted in all unscheduled histamine skin tests per$ormed 12 hours after the 
evening terfenadine dose. In the subgroup of volunteers who had hourly tests, on day 0, the 
mean wheal-and-Jare areas were signtjicantly suppressed from 2 to 12 hours after the dose, 
with maximal wheal suppression occurring at 5 hours (p < 0.05) and maximal flare suppression 
occurring from 3 to 9 hours (p < 0.01). On day 28 in the subgroup, the mean wheal area was 
significantly larger 12 hours after the dose than before the dose or at any other time 
(p < 0.01) but the mean jare areas did not dtyer significantly at any time (p = 0.01). On a’ay 
56 in the subgroup, the mean wheal areas did not dtfer signiJicantly from before the dose to 12 
hours after the dose, nor did the mean flare areas differ significantly at any time (p = 0.01). 
The mean serum concentration of retienadine metabolite I 12 hours after the evening dose did 
not differ significantly on days 7, 14, 21, 28, 35, 42, 49, and 56 (p = 0.01). Unscheduled 
serum terfenadine metabolite I concentrations measured 12 hours after the dose provided 
additional confirmation of compliance. In the subgroup, the mean serum elimination half-life 
value and the mean area under the serum concentration versus time curve of terfedine 
metabolite I did not differ significantly on day 0, day 28, or day 56 (p = 0.01). We conclude 
that subsensitivity to the antihistaminic effect of terfenadine did not develop during 56 days in 
compliant subjects, as evidenced by continued suppression of the histamine-induced wheals and 

fires. Also, the pharmacokinetics of terfenadine metabolite I remained unchanged after 56 days 
of terfenadine treatment. (J AL,LERGY CLIN IMMUNOL 1988;82:1068-75.) 
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Patients who receive a first-generation HI-receptor 
antagonist regularly for weeks or months often appear 
to develop subsensitivity to the drug.le6 Subsensitivity 
may be manifest as diminished efficacy in relieving 
symptoms; that is, a larger dose of the HI-receptor 
antagonist is required to elicit an antihistaminic effect 
of similar magnitude to the effect produced by the 
initial H, receptor-antagonist dose at the onset of treat- 


