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EXTRAPOLATION OF ALLERGEN PC15

Although allergen inhalation tests are usually performed to
look at the late asthmatic response, studies addressing the
early asthmatic response (EAR) have also been performed.1–4

In such studies, the EAR is expressed as the provocation
concentration producing a 15% or 20% decrease in forced
expiratory volume in 1 second (FEV1) (PC15 or PC20, respec-
tively). The PC15 is calculated by interpolation of the log
(doubling) dose vs response curve by an algebraic equation
analogous to that used to calculate the methacholine PC20.5

The dose-response curve to allergen is frequently steep. To
prevent marked decreases in FEV1 after allergen, it would be
valuable to be able to accurately extrapolate the allergen PC15

from an FEV1 decrease of less than 15%, thereby avoiding the
next doubling dose with its predictable larger FEV1 decrease,
especially in study protocols in which administration of res-
cue �-agonist is to be avoided when safety permits. The
methacholine PC20 can be accurately extrapolated from a 15%
to 19% FEV1 decrease.6 A retrospective analysis of data from
previously published allergen-induced EAR studies was per-
formed to evaluate the accuracy of extrapolation of allergen
PC15 from an 11% to 15% decrease in FEV1.

The following analysis was performed in 25 subjects
(mean [SEM] age, 26.3 [1.3] years), 15 of whom were fe-
male, participating in 4 published EAR studies.1–4 The first
allergen challenge in each individual meeting the following
criteria was selected for analysis. The allergen challenge
produced an 11% to 14% FEV1 decrease (R1) at the second
last concentration (C1) and a greater than 15% FEV1 decrease
(R2) at the final (doubling) concentration (C2). The PC15 was
interpolated by the following logarithmic formula5:

PC15 � Antilog [log C1� (log C2 � log C1)

� �15 � R1�/�R2 � R1�]

The PC15 was also extrapolated from the second last con-
centration (C1) as follows6: PC15 � C1 � (15/R1).

Little difference was seen in individual data or in mean
data (geometric mean interpolated PC15 of 209 allergen units
per milliliter vs geometric mean extrapolated PC15 of 218
allergen units per milliliter) (Figure 1). This small difference
was statistically significant (P � .03 by paired t test) because
of a tendency (18 of 25 subjects) for the extrapolated PC15 to
slightly overestimate the PC15 because of a steep dose-re-
sponse slope.

These data suggest that the allergen PC15 (or PC20) can be
acceptably extrapolated from a slightly less than 15% (or
analogously slightly less than 20%) FEV1 decrease. This has
several advantages. First, it will prevent at least occasional
large and uncomfortable FEV1 decreases in studies that are
exclusively performed in research volunteers; these research
protocols often require repeated allergen challenges. Second,
it will minimize the likelihood of the occurrence of signifi-
cant late asthmatic responses that will be more likely to occur
or be larger when the allergen dose is doubled. Third, it may
obviate the need for administration of rescue �-agonist.

DONALD W. COCKCROFT, MD, FRPC(C)
BETH E. DAVIS, BSc
Division of Respirology, Critical Care, and Sleep

Medicine
Department of Medicine
Royal University Hospital
University of Saskatchewan
Saskatoon, Saskatchewan, CanadaDisclosures: Authors have nothing to disclose.

Figure 1. Interpolated allergen provocation concentration producing a
15% decrease in forced expiratory volume in 1 second (PC15) and extrapo-
lated allergen PC15. Error bars indicate geometric mean PC15 and geometric
SE.
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A 39-YEAR-OLD FATHER IS DIAGNOSED IN
ADULTHOOD AS HAVING PARTIAL DIGEORGE
ANOMALY WITH A COMBINED T- AND B-CELL
IMMUNODEFICIENCY AFTER DIAGNOSIS OF
THE CONDITION IN HIS DAUGHTER
We describe an adult with partial DiGeorge anomaly (DGA),
whose features were first noted after diagnosis of the condi-
tion in his daughter. DGA is associated with immunodefi-
ciency, hypoparathyroidism, conotruncal cardiac defects, and
characteristic facial features.1 Most DGA cases have a mi-
crodeletion of chromosome 22q11.2, occurring sporadically.
However, in 10% to 20% of cases, it is inherited in an
autosomal dominant pattern.2 Our case is unique because of
the patient’s diagnosis of DGA in adulthood after that of his
daughter and his unusual combined immunodeficiency.

Our patient is a 39-year-old, white man with a history of
recurrent sinopulmonary infections, otitis media, and mas-
toiditis requiring mastoidectomy. The DGA features found in
this patient include a T- and B-cell immunodeficiency, a
heterozygous 22q11.2 deletion, hypoplastic ear cartilage,
mild cognitive delays, and a daughter with typical DGA.
Although he has no history of hypocalcemia, he had a low
parathyroid hormone level of 8 pg/mL (10–65). His echo-
cardiogram showed no cardiac defect.

His daughter presented with typical partial DGA at 1
month of age with hypocalcemic seizures, hypoparathyroid-
ism, and an atrial septal defect. She also had a heterozygous
22q11.2 deletion. Immune studies showed decreased immu-
noglobulin levels that normalized by 3 years of age. She had
persistently low antibody responses to Streptococcus pneu-
moniae. Percentages of CD3� and CD4� T cells were low,
but her T-cell function was normal. She had a history of
recurrent otitis media, which improved after myringotomy

tube placement. She currently has infrequent infections with-
out prophylactic treatment.

Her father was evaluated for DGA because of his daugh-
ter’s diagnosis, his history of recurrent infections, and facial
dysmorphologic features. His immune workup revealed pro-
foundly impaired T-cell immunity as summarized in Table 1.
His absolute lymphocyte count and absolute CD3� T-cell
count ranged from low to midnormal (824 to 2,238 and 610
to 1,522 cells/mm3, respectively). His naı̈ve T-cell count and
CD4�CD45RA� and CD4�CD45RA�CD62L� cell count
were decreased to 14% to 15% and 2% of the CD4� T-cell
count compared with 33% to 66% and 59% of the CD4�

Disclosures: Authors have nothing to disclose.

Table 1. Immunologic Studies in an Adult Patient With Partial
DiGeorge Anomaly

Study Finding
Reference

range

Lymphocytes, /mm3 824–2,238 1,400–3,300
CD3�, % 68–74 54–94
CD3�, /mm3 610–1,522 1,000–2,200
CD4�, % 43–51 40–56
CD4�, /mm3 912–962 530–1,300
CD8�, % 20–25 17–45
CD8�, /mm3 358–560 330–920
CD20�, % 17–18 7–17
CD20�, /mm3 380–403 50–390
CD56�, % 8–9 6–26
CD56�, /mm3 143–201 70–480
CD4�CD45RA�, % 14, 15 33–66
CD4�CD45RA�CD62L�, % 2 59
CD8�CD45RA�CD62L�, % 15 28
CD8�CD45RA�, % 65 61–91
CD19�CD27�, % 65, 37 �10
PHA, %NR 6.7 �50
Concanavalin A, %NR 2.5 �50
PWM, %NR 2.7 �50
Candida albicans, SI 0.7 �3
Tetanus toxoid, SI 1.1 �3
Allogeneic B cells, SI 1.7 �3
IgG, mg/dL 91–96 639–1,349
IgM, mg/dL 34–57 56–352
IgA, mg/dL �6.7 70–312
IgE, IU/mL �2 1.53–114
IgG1, mg/dL 68 280–1,020
IgG2, mg/dL �17 60–790
IgG3, mg/dL 20 14–240
IgG4, mg/dL �0.2 11–330
Anti-A 4 �16
Anti-B 2 �8
Antidiphtheria toxoid, �g/mL 0.01 �0.01
Antitetanus toxoid, �g/mL �0.10 �0.15
Postvaccination

anti–Streptococcus
pneumoniae, �g/mL

All 12 serotypes
�0.6

�2.0

Abbreviations: PHA, phytohemagglutinin; PWM, pokeweed mitogen;
MLC, mixed lymphocyte culture to B-cell alloantigens; %NR, percent-
age of normal response; SI, stimulation index.
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