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Abstract

Immunoglobulin replacement therapy (IGRT) can protect against lung function decline in CVID.
We tested whether increasing 1gG dosage was beneficial in patients who exhibited a decline in
forced expiratory flow at 25-75% (FEF25-75%) even though they were receiving 1gG doses
within the therapeutic range. Of 189 CVID patients seen over 12 years; 38 patients met inclusion
criteria, were seen on =3 visits, and demonstrated a 210% decrease in FEF25-75% from visits 1

to 2. FEF25%-75%, forced expiratory flow at one second (FEV1), and FEV1/FVC at visit 3 were
compared among those with non-dose adjustment (non-DA) versus additional 1gG dose adjustment
(DA). Three FEF25-75% tiers were identified: top (>80% predicted), middle (50%-80%), and
bottom (<50%). DA and non-DA groups did not differ in clinical infections or bronchodilator use,
although the non-DA group tended to use more antibiotics. In the top, normal tier, FEF25%-75%
increased in DA, but the change did not achieve statistical significance. In the middle moderate
obstruction tier, visit 3 FEF25-75% increased among DA but not non-DA sets (11.8 + 12.4%,
p=0.003 vs. 0.3 £ 9.9%, p=0.94). Improvement in FEVV1/FVC at visit 3 was also significant among
DA vs. non-DA (7.2 £ 12.4%, p=0.04 vs. —0.2 + 2.7%, p=0.85). In the bottom, severe tier, FEF25-
75% was unchanged in DA (-0.5 £ 5.2%, p=0.79), but increased in non-DA (5.1 + 5.2%, p=0.02).
Among IGRT CVID patients with moderate but not severe obstruction as assessed by spirometry,
increasing 1gG dosage led to an increase in FEF25-75% and FEV1/FVC.
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Introduction

Common variable immunodeficiency (CVID) is the most prominent primary
immunodeficiency under the care of clinical immunologists [1]. CVID is a heterogeneous
disorder characterized by low serum levels of most or all immunoglobulin classes and the
inability to effectively produce new antibodies protective against encapsulated organisms.
With an estimated prevalence of 1 in 25,000-50,000; it is the most prevalent human primary
immunodeficiency among adult patients requiring medical attention and treatment.

Among our clinic population in the Southeastern United States, most CVID patients

are diagnosed as adults [2]. Recurrent sinopulmonary infections, including otitis media,
sinusitis, bronchitis, pneumonia, and eventually bronchiectasis, plague these patients and can
result in frequent health care utilizations for treatment, with all the attendant costs in terms
of medical resources as well as a diminished quality of life.

In 1952, Colonel Ogden Bruton was the first to identify a patient with a primary antibody
deficiency and the first to treat with immunoglobulin replacement therapy [3]. Although
his patient received gammaglobulin subcutaneously, most patients for the next thirty years
were given 1gG by intramuscular injection. In the United States, treatment with intravenous
gammaglobulin (IVIG) was approved in 1980 and subcutaneous gammaglobulin (SCIG)
was approved in 2006. In 2019, immunoglobulin (1gG) replacement therapy (IGRT) is
typically administered either as an intravenous monthly infusion or as a subcutaneous
weekly, bimonthly, or monthly infusion.

The use of IGRT has led to a decrease in the severity and frequency of infections such

as bronchitis, pneumonia, and bronchiectasis, and thus an improved quality of life [4, 5].
Although the need for IGRT therapy has been established, how to best optimize dosing
remains an open question [6]. Under dosing can lead to decreased efficacy of treatment

with resulting morbidity, especially from chronic lung disease [7]; whereas overdosing

can increase the risk of adverse events such as thrombotic events and headaches from
aseptic meningitis [8]. Both under and over dosing also have monetary consequences for the
individual patient and for society in general. Increased morbidity from under dosing can lead
to increased long-term medical and quality of life costs, but over dosing can lead to short
term increased costs due to the use of more immunoglobulin product.

In common clinical practice, the IGRT dose is based on body weight, with initial monthly
dosing starting at 0.4 to 0.5 gm/kg and increasing to 0.6 gm/kg or higher. A universal
optimal approach to IgG dosing has yet to be defined. For example, patients with
bronchiectasis at initial diagnosis of CVID tend to receive higher doses of 1gG therapy

and may receive as much as 0.6 gm/kg or more with the hope that clinically apparent

lung infections and the risk of complications will decrease [9-11]. Conversely, it has been
suggested that obese patients should be dosed on the basis of body weight index rather than
weight alone [6].

Trough IgG levels are often used to monitor therapy. However, individual patients often
present with unique factors (/.e. enteropathy, cytopenias, autoimmunity, etc) that can require
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individualized dosing [9, 6]. As a result, assessment of the proper dose and changes to
therapy tends to depend on the expertise, prior experience, and judgement of the clinician.
Factors that may prompt an increase in immunoglobulin dosage include a history of
repeated or increased infections or antibiotic usage between visits, an increased frequency of
health care utilizations, and other complications such as autoimmunity, lymphoid interstitial
pneumonitis, and bronchiectasis. These features underscore the need for an objective
measurement of treatment efficacy that is simple, economical and amenable to routine use in
a clinic setting.

In our adult immunodeficiency clinic, spirometry has been a part of routine follow-up care
for each patient for decades. We present a retrospective analysis of 38 CVID patients seen
over a decade who exhibited a decline in spirometric values. We compare the subsequent
spirometric measurements in patients whose immunoglobulin dosage was increased to
those in which it was not, and also review serum IgG levels and the range of infections,
bronchodilator usage, and antibiotic usage reported by the patients in each category.

Patients and Clinical Data

All patients seen in the specialty adult immunology clinic at the University of Alabama

at Birmingham between January 1, 2005 and December 31, 2016 were invited to take

part in a long-term observational study of their conditions. All the study subjects were
recruited under the guidelines of the UAB Institutional Review Board. Informed consent
was obtained from all of the study participants. All the patients were seen by the same
clinical immunologist. Patients with a diagnosis of CVID following the definitions of the
Pan-American Group for Immunodeficiency and European Society for Immunodeficiencies
[12] either by review of past medical records from external health care providers or by initial
evaluation in our own clinic were the focus of this study. Clinical and laboratory data were
collected from all the patients. A detailed medical history, including the patient-reported
history of infections and medication, was taken; and a physical exam was performed.

Spirometry was conducted by the same attending physician using a WinDX spirometer
(Creative BioMedics, Inc. International, San Clemente, CA). Spirometry measures the
maximal volume of air forcibly exhaled from the point of maximal inhalation (FVC) and the
volume of air exhaled during the first second of this maneuver (FEV1) [13]. These values
are typically expressed as a percent of the predicted value (e.g. %FEV1), or as the ratio

of the FEV1 to the FVC (e.g. FEV1/FVC). For example, improvement in FEV1 and FVC
was used in 1987 to document the benefits of high dose IGRT [14]. Other values, such

as the forced expiratory flow between 25% and 75% of the FVC (FEF25-75%) are also
commonly reported. FEV1, FVC, FEV1/FVC, and FEF25-75% were measured at each visit
to assess lung function. ATS/ERS criteria were used in the interpretation of lung function
[15]. If determined to be medically indicated, CVID patients were placed on IGRT either
through intravenous infusion (IVIG) or subcutaneous infusion (SCIG). The dose, frequency,
and route of 1gG treatment was adjusted at subsequent visits, as needed.
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Inclusion and Exclusion Criteria

For this retrospective study, we began by screening for patients who had been seen on at
least three separate visits, who were being treated with IGRT, and who had a confirmed
diagnosis of CVID (Fig. S1). Of a total of 2,830 clinic visits reviewed over the 11-year
period, 189 patients (with 857 visits) met criteria for the diagnosis of CVID: a marked
decrease of IgG at least 2 standard deviations below the mean for age, a marked decrease
in either IgM or IgA or both, onset of immunodeficiency at > 4 years of age, and had no
evidence of any defined cause of hypogammaglobulinemia (e.g. patients with Hyper IgM
syndrome or X-linked agammaglobulinemia were excluded). For the primary screen, we
excluded patients with less than three clinic visits (n=81), a smoking history greater than
15-pack years (n=18), irregular intervals between IgG infusions (n=16), an active cancer
diagnosis and treatment during study period (n=2), or no pretreatment baseline (1). We
excluded individual visits if the patient was pregnant during that visit, which eliminated two
patients entirely (n=2). Finally, one patient who refused gammaglobulin replacement was
excluded (n=1). This left 68 patients to be reviewed in the secondary screen.

Data Extraction

The following data was extracted from the clinical chart for the remaining 68 patients

if available: age, sex, weight, 1gG formulation pre-treatment IgG level, pneumococcal
protective titers, 1gG level at each visit, date of last IgG infusion, total number of

clinic visits, antibiotic use, bronchodilator use, episodes of pneumonia, minor infections,
hospitalizations, %FEV1, %FVC, FEV1/FVC, and %FEF25-75%. Total dose in 4 weeks
were calculated for those patients on SCIG and effective dose was calculated using total
dose in 4 weeks divided by the weight in kilograms and adjusted per the manufacturer’s
recommendations.

Grouping into Individual Three Visit Sets

We identified the sets of three consecutive visits of the 450 total visits from the 68 patients
which exhibited a greater than or equal to 10% decrease in FEF25-75% from “visit1” (could
be any visit from the patient) to “visit2”, and IgG total dose increased or did not change

at “visit2” (Fig. S1). Each patient could have multiple sets of visits if they subsequently
experienced another > 10% decrease in FEF25-75%. In this step, 21 patients were excluded
because they did not exhibit a decrease in FEF25-75% of 10% or greater, 6 patients

were excluded if the increase in dosage was due to weight gain alone, two patients were
excluded due to missing spirometric data, and one was excluded because the total dose of
gammaglobulin was decreased at “visit2”. For the remaining 38 patients, the sets of three
visits were separated into two sets that were based on whether the IgG total dose was
increased at “visit2”. If the 1gG dose was increased by 5 grams or more, then that data

set was placed in the dose adjustment (DA) sets. If the dose of 1gG was left unchanged

or increased by less than 5 grams, that data set was placed into the non-dose adjustment
(non-DA) sets. Of these, there were seven patients in the DA group and twelve patients

in the non-DA that had only one, singleton, “visit2” where there had been a decrease in
FEF25-75%. The remaining 19 patients had multiple (two or more) three visit series where
there had been a decline in FEF25-75% at “visit2”. Of these, we identified 21 visit series

J Clin Immunol. Author manuscript; available in PMC 2021 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwangpo et al.

Page 5

that fell into the DA group and 26 visit series that fell into the non-DA group (Fig. S1 and
Table S1).

Statistical Analysis

Results

Chi-Squared Test or Fisher’s Exact Test was applied for the comparison of proportions.
Linear mixed model was used to model the change in FEF25-75% from “visit2” to “visit3”.
The outcome in the linear mixed model is the change in FEF25-75% from “visit2” to
“visit3”. Visits indicating “visit2” or “visit3” was treated as fixed effect and the unique
patient number was treated as random effect (random intercept only) to account for the
correlation introduced by multiple assessments of the same patient. The likelihood ratio
test was used to test if visits had a significant effect on the outcome. Paired t-test was

also performed to be compared with linear mixed model. All tests were performed at a 5%
significance level. Analyses were conducted using SAS 9.4 and RStudio 1.0.136.

Patient characteristics

Of the patients screened through the database from 2005-2016, 189 were diagnosed with
CVID. While sixty-eight patients met the primary inclusion criteria, thirty were excluded
from the analysis because they did not meet the secondary inclusion criteria, which required
a decrease in FEF25-75% of 10% or greater, no interruptions in their therapy, a change of
weight less than or equal to five pounds, and no decrease in the total dose of gammaglobulin
at “visit2.” This left thirty-eight unique subjects with confirmed CVID who had exhibited

a decrease in pulmonary function at “visit2”. Of these 38 patients, 27 were females and 11
were males. All were of European descent (Table 1).

During 2005-2016 inclusive, these 38 unique CVID patients made 290 clinic visits. Their
visits were grouped into 37 non-dose adjustment (non-DA) sets of three consecutive visits
and 27 dose adjustment (DA) sets of three consecutive visits (Table S1). Data from nineteen
of the patients with multiple visits provided data that in some cases fell into the dose
adjustment sets and in other cases fit into the non-dose adjustment sets. As previously
defined, assignment of the three visit set depended on whether there was a significant (>5
gm) change in the dose of immunoglobulin at visit 2 (DA set) or not (hon-DA set). For
example, a patient might visit the clinic on four occasions, forming two sets of three (visits
1,2 and 3; and 2, 3, and 4). If at both visit 2 and visit 3 there was a > 10% decrease in FEF
25%—75%, but the IGRT dose was increased only at visit 3, then the first set (visits 1, 2 and
3) would fall into the non-DA set, and the second set (visits 2, 3 and 4) would fall into the
DA set. The DA and non-DA sets were then further sub-divided by FEF25-75% using the
following tiers: FEF25-75% >80% of predicted as top tier, FEF25-75% between 50-80%
of predicted as middle tier, and FEF25-75% <50% of predicted as bottom tier (Fig. 1 and
Table S1).

IgG dosing, Antibiotic Use, Infections, Interval Visits, and Pharmacologic Interventions

Serum IgG levels at the time of diagnosis were at least two standard deviations below the
reference mean for the laboratory in which the IgG level was measured. These are shown in
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Fig. S2a. Also shown are the spot serum IgG levels obtained at visits 1, 2, and 3. Trough
levels were not recorded because most of the patients received their gammaglobulin through
either home health agencies or in infusion facilities outside our institution. 1gG levels for
patients receiving SCIG and IVIG are shown separately. The amount of gammaglobulin that
the patients were receiving at visit 1 was sufficient to raise the patient’s IgG by more than
400 mg/dL above the baseline, untreated value. Spot IgG levels from among both the SCIG
and IVIG treated patients were typically greater than 1000 mg/dL, documenting receipt

of high dose IGRT. The effective prescribed dose of serum immunoglobulin in grams per
kilogram of body weight at visits 1, 2, and 3 are shown in Fig. S2b. The majority of patients
were receiving between 0.4 and 0.6 grams of IgG per kilogram of body weight. Doses
tended to be inversely related to lung function, higher in bottom tier patients, and lower in
top tier patients. For both the non-DA and the DA sets, the number of visit sets in the bottom
tier was small (Table S1, 7 non-DA and 6 DA).

When the medical histories of patients were compared, there was a tendency for an
increased use of prophylactic antibiotics in the non-DA sets (Table S2a). However, no
significant differences in the reports of minor and serious infections between the DA
and non-DA sets (Table S2b and S2c); or in the use of asthma-related medications
(bronchodilators and steroids, Table S3) were recorded.

When the time interval between visits was assessed, a tendency for longer periods between
visits for the non-DA sets was observed when compared to the DA sets both between visit
1 and visit 2 (431 + 41 days [SEM] versus 370 + 43; respectively), and between visit 2 and
visit 3 (398 + 19 days [SEM] versus 293 + 20; respectively), (Table S4). The time interval
between visit 2 and 3 also tended to be shorter than visit 1 and 2 for all of the groups.

This reflected the clinical judgement of the immunologist who considered that patients
undergoing changes in immunoglobulin dosing would benefit from closer observation. The
intervals between visits for the non-DA and the DA groups as a function of their lung tier
groups was also examined. The time interval between visits 2 and 3 tended to be shorter than
the time interval between visits 1 and 2 for each of the group sets and lung tier sets except
for the non-DA middle tier lung sets.

Lung Function

In accordance with the inclusion parameters, all 38 non-DA and 27 DA three visit sets
exhibited a = 10% decline in FEF25-75% between Visit 1 and Visit 2 (Fig. 1). As noted
above, we separated the treatment sets into three lung function tiers representing essentially
normal lung function (top), mild to moderate obstruction (middle), and severe obstruction
(bottom). A significant benefit to increasing the dose of IGRT among patients in the middle
tier of lung function proved statistically significant (DA A = 11.79 + 12.35, p = 0.003 versus
non-DA A = 0.25 +9.92, p = 0.94; Fig. 2, middle).

Among both the patients with top tier (normal) lung function and bottom tier (most severely
degraded) lung function, no benefit from increasing the dose of IGRT was observed (Fig.

2, top and bottom). Indeed, among the bottom tier, the patients with no dose adjustment
appeared to do slightly better than those with a dose adjustment (DA A=-0.5+5.24,p
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=0.79 versus non-DA A =5.14 + 5.18, p =0.02, Fig. 2, bottom). Again, however, the number
of visit sets in the bottom tier group was small (7 non-DA and 6 DA).

We next evaluated changes in %FEV1 (Fig. S3), FEV1/FVC (Fig. S4) and %FVC (Fig.
S5). The magnitude of the changes between visits was smaller than those for FEF25-75%
(Fig. 1). When the treatment sets were separated into the three lung function tiers based

on FEF25-75% (top, middle and bottom), a significant benefit to increasing the dose of
IGRT among patients in the middle tier of lung function was again statistically significant
for FEV1/FVC (DA A =7.17 £ 12.36, p = 0.04 versus non-DA A = -0.23 + 2.67, p = 0.85;
Fig. 3, middle). We observed no significant differences between DA and non-DA for FEV1
or FVC alone (data not shown).

We then tested whether there was a relationship between the absolute increase in IgG in
grams (Fig. 4) or in grams per kilogram (Fig. S6) per four-week period and changes between
visits 2 and 3 in %FEF25-75%, %FEV1, %FVC, and %FEV1/FVC. For both %FEF25-75%
and %FEV1/FVC, but not for %FEV1 or %FVC alone, in all but two patient visit sets there
was an improvement in lung function among the DA patient visit sets in the middle tier for
patients who had received at least either a 5 gram increase in absolute dosage or a 0.5 gram
per kilogram per four week period. The lack of a correlation between the absolute increase
in 1gG dose and the percent increase in the relevant spirometric value suggests that there was
no additional benefit to increasing the dose of IGRT by more than 5 grams or 0.5 grams per
kilogram.

Discussion

Preservation of lung function is a key feature of the management of patients with primary
antibody deficiency. We found that among IGRT CVID patients with moderate but not
severe obstruction as assessed by spirometry, increasing 1gG dosage led to an increase in
FEF25-75% and FEV1/FVC.

Although CT screening for pulmonary pathology is more sensitive measure of pulmonary
pathology[16], spirometry is a pragmatic means by which the individual clinician can
identify and follow changes in lung function. It is non-invasive, can be performed with a
portable instrument inexpensively in the office, and the results are immediately available.
Spirometry and other pulmonary function testing (PFT) have long been used to assess
therapy in CVID patients since clinical symptoms may not show the subclinical effects of
the disease on the lungs [17-20]. A web-based survey by the Clinical Immunology Society
and the European Society of Immunodeficiencies published recently showed 98% of the
respondents would perform PFT for their CVID patients with lung disease, showing the
importance of spirometric studies in assessing lung disease [21]. Obstructive flow-volume
curves noted in PFTs were common in over fifty percent of 587 patients [22]; airway
obstruction, ventilatory restriction, and impaired gas diffused were found in 21-40% of 65
patients [23]. Chen et al [20] found that increased IVIG dose per kilogram was inversely
associated with lung function decline, indicating that higher dose per kilogram appeared to
be protective of lung function. Chen et al also found that trough 1gG level did not have

a statistically significant association with declines in either FEV1 or FVC. This finding is
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in keeping with our clinical observations that past a certain point trough IgG levels are
less helpful in guiding adjustments to IGRT therapy in patients who are receiving adequate
amounts of 1gG on a gram per kilogram basis.

While FEV1 and FEV1/FVC are the most commonly used spirometric measurements to
identify both the presence and degree of airflow obstruction [13], FEF25-75% is also
commonly reported [13, 24]. Variation in FEF25-75% was initially thought to reflect
changes exclusively in the small airways (< 2mm) [25-27]. However, subsequent studies
have shown that changes in FEF may also reflect distal airflows that involve airways
that have greater diameters [24]. In heterogeneous populations, FEF25-75% is seldom
discordant from FEV1 and FEV1/FVC [28].

A reduction in the FEF25-75% has also been associated with other respiratory disorders.

In children with asthma, reduced FEF25-75% has been shown to be associated with
increased asthma severity, the need for systemic steroid use and more frequent exacerbations
in the setting of normal FEV1 [29]. In adults with asthma, a reduced FEF25-75%

is also independently associated with previous ICU admission, persistent symptoms,
nocturnal symptoms, blood eosinophilia, bronchial hyperreactivity, and, by extension,
airway inflammation [24]. The combination of rhinovirus infection in patients with
particulate matter in their lungs also tends to lower FEF25-75% and FEV1 [30]. And,
patients with allergic rhinitis may also demonstrate reductions in FEF25-75% [31].

For patients with a recent increase in mild to moderate obstruction who received = 5
additional grams (or an additional 0.5 grams per kilogram) of gammaglobulin replacement
per month, we found that two of three spirometric measures of obstruction (FEF25-75% and
FEV1/FVC) demonstrated significant improvement when compared to those whose dosage
was unchanged. This suggests that the decrease in FEF25-75% that led us to identify these
patients might reflect reversible inflammation in smaller airways due to subclinical viral or
bacterial infections that could then be ameliorated by the increased protection offered by a
greater dose of gammaglobulin.

Although improvement was noted for patients in the middle tier who received an increase

in gammaglobulin dosage, no statistically significant evidence of improvement related to the
increase in dose was observed in patients in the top or bottom tiers. The former is consistent
with the view that patients with normal lung function require less gammaglobulin than
patients with evidence of obstruction [32]. The latter would suggest that patients with severe
obstruction have sustained damage to the lungs that cannot be corrected or alleviated by
increasing the protection offered by exogenous antibodies and the benefits of herd immunity.

In initial studies of the benefits of high-dose gammaglobulin replacement, Roifman and
colleagues performed a randomized cross-over study of antibody deficient patients who
received either 0.6 or 0.2 gm/kg of intravenous immunoglobulin for six months and were
then switched to the alternative dose for a further six months [14]. Although the incidence
of infections did not differ greatly in the high-dose and low-dose phases, the frequency

of acute infection was substantially reduced in those periods when serum 1gG was 500
mg/dl or more. Patients switched from high-dose to low-dose IGRT suffered deterioration
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of both FVC and FEV1. In contrast, patients switched from low-dose to high-dose IGRT
demonstrated consistent improvement. In 10 of 12 patients, the improvement or deterioration
was greater than 10%. Here, starting at much higher serum IgG levels, we see further
evidence that even a small increase in the dose of gammaglobulin among patients exhibiting
a recent decline in lung function can help reverse the decline.

The development of lung disease in CVID patients appears to reflect not only recurrent
bacterial infection or bronchiectasis, but a generalized immune dysregulation that can occur
in the absence of a history of pneumonia or bronchiectasis [33]. Although a continued

high frequency or an increase in the frequency of sinopulmonary infections and antibiotics
usage can be used to justify an increase in the dose of immunoglobulin G replacement
therapy, subclinical function changes may occur without overt symptoms. In our patients,
the improvement in spirometry occurred in the context of no significance changes in the
reported frequency or severity of infections, or in the use of antibiotics. This suggests that
spirometry can be a more sensitive measure of changing lung function in CVID patients than
the history provided by the patients.

Three key strengths of our study are the relatively homogeneity of our Southeastern US
clinic population, which is primarily of Scots Irish descent, the use of the same instrument
by the same clinical immunologist, and a long-term follow-up period stretching for more
than a decade.

However, our study also had limitations. First, it was a retrospective study where changes in
medication were neither random nor blinded. The decision of whether to increase the dose
of IGRT, or not, was based on clinical judgement alone. Thus, there is the possibility of a
hidden bias in deciding whether or not to increase the dose.

Second, trough serum immunoglobulin levels for patients on intravenous gammaglobulin
infusions were not available, making a direct comparison between the spirometric results
and a common measure of dose sufficiency problematic. However, the average level of
serum IgG measured in patients receiving subcutaneous gammaglobulin was similar to
the average spot level of serum IgG in patients receiving gammaglobulin intravenously,
suggesting that immunoglobulin dosage was on target.

Third, the patients at visit 1 were already receiving gammaglobulin therapy well within the
recommended range and exhibited relatively well controlled symptoms. Thus, the beneficial
effects of increasing the dose of gammaglobulin based on spirometry could be greater in
populations where use of gammaglobulin is less aggressive.

Finally, FEF25-75% is known to exhibit wide variability. However, a positive effect on
FEV1/FVC was also noted in patients who exhibited an increase in FEF25-75%, which
provides internal support for the validity of the measurement.

In spite of these limitations, our study supports the value of spirometry as an objective
measurement for determining whether an increase in IGRT is necessary. Our studies suggest
that patients with FEF25-75% values of between 50% and 80% of predicted who have
shown a decrease in this value appear to be most likely to respond to an increase in
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gammaglobulin dosage. A prospective study of immunoglobulin dosing is needed to further
prove this contention. Such a prospective study should examine immunoglobulin dosing,
spirometry, the value of a history of persistent, recurring sinopulmonary infection and
prophylactic antibiotic usage in adjusting dosage. A prospective study of patients with
stable, but depressed, spirometric values of obstruction within this range would benefit from
an increase in immunoglobulin dosage is also warranted.

As a final point, a key complaint of many patients is fatigue at varying levels. A prospective
study of immunoglobulin dose, spirometry and fatigue, as measured by a validated
instrument, might shed new light on the role of subclinical sinopulmonary obstruction and
immunoglobulin dosage in influencing the quality of life experienced by the patient.

Conclusions

Determination of an optimal dosage level for IGRT in primary antibody deficiencies has
long been problematic. We find that increases in dosage of as little as five grams per
four-week period can have beneficial effects on the lungs in patients with moderate lung
dysfunction. Our findings suggest that office spirometry, a simple non-invasive technique,
can be used to evaluate subclinical changes in lung function and guide IGRT dosing in these
patients.
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19G Immunoglobulin G

IGRT Immunoglobulin replacement therapy
PFT Pulmonary Function Test
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Fig. 1.
FEF25-75% at visits 1, 2, and 3 for the non-Dose Adjustment (non-DA) and the Dose

Adjustment three visit sets (DA). Top tier: dotted line. Middle tier: solid line. Bottom tier:
dotted-dashed line.
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For changes in FEF25-75%, the Dose Adjustment sets in the middle tier section showed a
statistically significant increase in FEF25-75% after dose increase; whereas the non- Dose
Adjustment sets did not. The FEF25-75% at visits 2 and 3 are shown. The solid dashed line
indicates the mean line with the 95% confidence interval shown in gray.
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For changes in FEV1/FVC, the Dose Adjustment sets in the middle tier section showed a
statistically significant increase in FEV1/FVC after dose increase; whereas the non-Dose
Adjustment sets did not. The FEV1/FVC at visits 2 and 3 are shown. The solid dashed line
indicates the mean line with the 95% confidence interval shown in gray.
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Changes in spirometric values in percent of predicted from visit 2 to visit 3 as a function

of the absolute increase in IGRT therapy in grams per four week intervals. As the absolute
dose increases, there is trend for an increase in the FEF25-75% only in the top tier group.

In the middle group, there was an increase in FEF25-75% and FEV1/FVC in almost all of
the study subjects receiving at least a 5 gram increase in dosage per 4 week period, although
there was no obvious benefit to receiving more than 5 grams.
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X axis: Absolute change in dose per four weeks in grams. Y axis: Change in percent of (A)
FEF25-75%, (B) %FEV1, (C) %FVC and (D) FEV1/FVC. Solid dots represent non-Dose
Adjustment, x represents Dose-Adjustment group.
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Table 1.

Demographics of patients (N=38).

Mean (SD) Median (IQR)

Age at initial visit (years) 50.2 (13.7) 50.3 (41.8, 61.8)
Nadir 1gG level (mg/dl) 440.7 (179.9) 453 (390, 568)
%Streptococcal titers protective ~ 0.34 (0.28)  0.29 (0.14, 0.64)
Tobacco use (pack years) 2.2 (4.4) 0(0,1.5)
Total number of visits 8(3) 8 (6, 11)
N (%)

Gender

Male 11 (28.95)

Female 27 (71.05)
Race

White 38 (100)

Known Respiratory Problems

allergic rhinitis 10 (26.3)
asthma 9(23.7)
bronchiectasis 7 (18.4)
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