Assessing the safety of subcutaneous

immunotherapy dose adjustments
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Background: Subcutaneous immunotherapy injections are often dose adjusted owing to late injections, for newly mixed vials
after refills, or after systemic reactions (SRs) to reduce the subsequent SR risk. This practice is not strongly evidence based.

Objectives: To analyze the safety of the Wilford Hall Medical Center dose-adjustment schedule.

Methods: A retrospective cohort analysis of a standardized dose-adjustment schedule across 4 years and covering 12,895
injections was performed to analyze the SR rate immediately after dose adjustments for late reactions (1 dose for each week late
starting after 2 weeks), for newly mixed vials (a 50% dose reduction), or after a SR (a 10-fold dilution).

Results: Male patients (odds ratio [OR], 1.15; P < .005), pediatric patients (OR, 1.19; P < .01), and maintenance stage
injections (OR, 2.14; P < .001) required more dose adjustments for late injections. Maintenance stage injections also experienced
more dose adjustments for newly mixed vials (OR, 10.78; P < .001). Pediatric patients (OR, 2.15; P < .002) and buildup stage
injections (OR, 2.38; P < .005) were associated with an increased SR frequency and, as a result, required more post-SR dose
adjustments. In each scenario, following the dose-adjustment schedule included in this article did not cause an increase in
subsequent SRs.

Conclusions: Multiple unique characteristics were found to be associated with the requirement for subcutaneous immuno-
therapy dose adjustment, and this sample dose-adjustment protocol was not associated with an increased risk of a subsequent SR.

The safety of this proposed dose-adjustment protocol should be confirmed in future prospective studies.

INTRODUCTION
To achieve maximal clinical effectiveness, a patient receiving
subcutaneous immunotherapy (SCIT) would ideally receive
increasing immunotherapy concentrations during buildup un-
til reaching and then continuing the optimal maintenance
dose without any interruption of the dosing schedule. How-
ever, there are several scenarios in which the practicing
allergist will recommend a dose adjustment, including for late
injections, for newly mixed vials after refills, and after a
systemic reaction (SR). Each scenario shares a similar im-
munologic and safety concern: administration of a non—dose-
adjusted SCIT injection may deliver an allergen concentra-
tion greater than what the patient is expected to tolerate,
resulting in an SR. The intention of SCIT dose adjustment is
presumed, although not proved, to reduce the risk of SRs.
Most practicing allergists have adopted some method of
SCIT dose adjustment, likely in an effort to maintain patient
safety, and the immunotherapy practice parameter provides a
sample dose-adjustment schedule for the allergist’s consider-
ation for missed injections during the buildup phase.! How-
ever, and as expressed in the practice parameter, the practice
of dose adjustment is based on anecdotal experience and is
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not evidence based. Ideally, evidence-based research would
provide the practicing allergist with an optimal dose-adjust-
ment strategy that provides a safety margin sufficient to
prevent SRs but not so large as to make it difficult to achieve
and continue an efficacious maintenance dose. One dilemma
in researching this ideal schedule is that the physician would
need to deviate from the practice parameter (and arguably
standard of care) to create a non—dose-adjusted control pop-
ulation, which may unnecessarily jeopardize patient safety by
increasing the risk of anaphylaxis.

In an effort to maintain patient safety and advance toward
an evidence-based dose-adjustment schedule, one method of
approaching the dilemma is through a 3-step process. First,
current dose-adjustment policies should be examined to prove
that they sufficiently adjust SCIT concentrations to not cause
an increase in SRs. Second, using a safe dose-adjustment
policy as a baseline, subsequent studies could be performed
with progressively decreased dose-adjustment concentrations
to determine whether there is an optimal range between
efficiency and safety. Finally, if safety is maintained with
minimal dose adjustments, a trial without any dose adjust-
ments can be pursued. Although this is only one method of
achieving an evidence-based dose-adjustment schedule, it
prioritizes patient safety and can potentially create multiple
studies to guide a practicing allergist’s clinical experience.
Starting this process, the primary purpose of this study was to
review the dose-adjustment protocol used at Wilford Hall
Medical Center, which has been consistently used for 4 years,
and to determine whether the protocol safely reduces SCIT
concentrations enough to not cause an increase in SRs. We
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also analyzed characteristics associated with requiring a dose-
adjusted injection.

METHODS

A retrospective cohort analysis of a SCIT-specific electronic
medical record (Rosch Immunotherapy, Altoona, Pennsylva-
nia) at a single site was performed. All patients receiving
aeroallergen SCIT starting immunotherapy between August
1, 2005, and May 28, 2009, were included in the analysis, and
written informed consent was obtained at the time of SCIT
enrollment. Patients receiving venom immunotherapy were
not included. Baseline demographics included age at first
SCIT injection (pediatric, <18 years old), sex, and history of
asthma. A history of asthma, as defined in this study, in-
cluded patients requiring daily inhaled corticosteroids or in-
haled corticosteroids + long-acting [3,-agonist medication.
All patients receiving SCIT from Wilford Hall Medical Cen-
ter receive their immunotherapy shots in its clinic. As a result,
this study reflects all patients receiving SCIT and not a
high-risk subset.

Each patient’s immunotherapy kit consisted of three 5-mL
buildup vials (1:1,000 to 1:10 vol/vol) and one 10-mL main-
tenance vial (1:1 vol/vol) using the color and concentration
system recommended by the current immunotherapy practice
parameter.! The maintenance vial for aeroallergen SCIT con-
sisted of 0.5 to 1.0 mL of each allergen taken from the
manufacturer’s stock vial and corresponded to 1:100 to 1:200
wt/vol. Patients had a mean (SD) of 17.99 (11.31) unique
allergens with a mean (SD) volume of 12.56 (6.89) mL. If a
patient’s immunotherapy kit consisted of more than 10 mL,
their total dose was split into multiple vials, with no individ-

Table 1. Dose-Adjustment Schedule (Buildup and Maintenance
Stages)

Dose adjustments

For late injections, time since
last injection, d (wk)

=14 (<2) Increase volume per buildup
schedule

15-28 (2-4) Repeat volume of last dose
29-35 (4-5) Decrease volume by 1 dose
36-42 (5-6) Decrease volume by 2 doses
43-49 (6-7) Decrease volume by 3 doses
50-56 (7-8) Decrease volume by 4 doses
=57 (>8) Consult with allergist

For a new vial
For a systemic reaction

Decrease volume by 50%
Decrease by 1 vial (10-fold dilution)

ual vial exceeding 10 mL. All allergen extracts came from
Hollister-Stier Laboratories (Spokane, Washington), and no
extract contained aluminum hydroxide. The diluents used
when filling the 10-mL maintenance vial or when diluting to
a weaker concentration were 0.9% sodium chloride, 0.03%
albumin (human), and 0.4% phenol. The buildup stage con-
sisted of the initial SCIT dose of 0.05 mL of the 1:1,000
vol/vol vial through the first maintenance injection of 0.5 mL
of the 1:1 vol/vol vial, in 0.1-mL increments. The mainte-
nance stage included all subsequent injections. All the pa-
tients were required to attend an immunotherapy orientation
class before the first SCIT injection. During this class, pa-
tients were informed that the buildup stage consists of a
minimum of 1 SCIT injection every 2 weeks through a

Table 2. Baseline Characteristics and Requirements for SCIT Dose Adjustment

Late injections

Injections,
No. On-time injections, Late injections,
(N = 12,895) No. (%) No. ('%) OR (95'% Cl) P value?
(n = 11,386) (n = 1,509)
Patient Demographics
Sex
Male 6,031 5,274 (87.4) 757 (12.6) 1.15(1.05-1.30) <005
Female 6,864 6,112 (89.0) 752 (11.0) 0.85 (0.77-0.95) ’
Age group
Pediatric 2,441 2,119 (86.8) 322 (13.2) 1.19 (1.04-1.35) <01
Adult 10,454 9,267 (88.6) 1,187 (11.4) 0.84 (0.74-0.96) ’
Asthma
Hx asthma 3,431 3,060 (89.2) 371 (10.8) NA <06
No asthma 9,464 8,326 (88.0) 1,138 (12.0) NA ’
Injection Characteristics
Stage
Buildup 8,610 7,843 (91.1) 767 (8.9) 0.47 (0.42-0.52) 0012
Maintenance 4,285 3,543 (82.7) 742 (17.3) 2.14 (1.92-2.39) ’

Abbreviations: Cl, confidence interval; Hx, history of; NA, not applicable; OR, odds ratio; SCIT, subcutaneous immunotherapy; SR, systemic

reaction.
aThe P values were calculated using x? analysis.
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maximum of 2 injections per week separated by at least 2
days, as described in the practice parameter.! Maintenance
dosing extends SCIT administration to 1 injection per 4-week
interval as tolerated. Cluster or rush schedules were not
included in this study.

Clinic safety policies and procedures followed those rec-
ommended by the practice parameter and included preinjec-
tion peak expiratory flow rates for all asthmatic patients, a
standard preinjection screening questionnaire, and a manda-
tory 30-minute wait after all injections.! In addition, the
Rosch electronic medical record has inherent safety features
that prompt the nurse or technician administering the SCIT to
scan the patient’s vial before giving the injection. This en-
sures proper identification of the patient and links the patient
to his or her vial. On scanning the vial, the nurse is prompted
to give the next dose in the injection sequence, minimizing
the risk of a dosing error. Approval for this study was
obtained from the Wilford Hall Medical Center institutional
review board.

Dose-Adjustment Protocol

Table 1 describes the dose-adjustment protocol used at Wil-
ford Hall Medical Center, which is uniformly calculated
based on time since the patient’s last injection (as opposed to
being based on number of days late). For late injections, the
protocol reduces a patient’s SCIT dose based on a set amount
of doses (eg, reduce by 2 doses) and is standardized through
8 weeks late. Patients more than 8 weeks late are adjusted
based on their primary allergist’s recommendations. A
buildup dose is considered late if more than 14 days (ie, =15)
have passed since the previous injection. A maintenance dose
is considered late if more than 28 days have passed since the

previous injection. Patients in the maintenance stage who had
their dose reduced enough to require an additional buildup
injection reverted back to their original buildup schedule.
For injections from a newly mixed vial (due to breakage or
maintenance vial refill), the patient’s next SCIT dose is
reduced by 50%, followed by resumption of the normal
buildup schedule. For injections immediately after an SR, a
patient’s SCIT dose is reduced by 1 vial (a 10-fold dilution),
with subsequent resumption of the normal buildup schedule
(eg, if the SR occurred at 0.5 mL of the red 1:1 vol/vol vial,
the post-SR dose becomes 0.5 mL of the yellow 1:10 vol/vol
vial). All dose reductions are additive (eg, a patient who has
a new vial and is also late will have his or her next dose
reduced by 50% for the new vial and an additional amount
based on the time since the last injection). At Wilford Hall
Medical Center, SCIT doses are not adjusted based on large
local reactions, pollen season, or pollen counts or during
periods of exacerbation of allergic rhinitis symptoms.

Reaction Definitions

A local reaction was defined as the presence of erythema
measuring at least 5 mm but less than the size of the patient’s
palm (average adult, 10 cm) measured at 30 minutes. A large
local reaction was defined as the presence of erythema larger
than the patient’s palm measured at 30 minutes. Distinguish-
ing between and recording local and large local reactions at
the time of the injection was standard at Wilford Hall Medical
Center. An SR included any reaction attributable to SCIT
other than a local or large local reaction and was consistent
with the World Allergy Organization criteria.> All the SRs
were directly evaluated, diagnosed, and treated by a team of
physicians that included at least 1 allergy/immunology fellow

Table 2. (Continued) Baseline Characteristics and Requirements for SCIT Dose Adjustment

First injection of a new vial

First injection after an SR

Injection from First injection from

Injections not First injection

_ Previously new vial, No. (%) OR (95% ClI) P~ proceededby . SR 'No.  OR (95% CI) P
mixed vial, No. (%) (n = 88) value? SR, No. (%) (%) (n = 69) value?
(n = 12,807) - (n = 12,826) o=
Patient Demographics
5,997 (99.4) 34 (0.6) NA <13 6,003 (99.5) 28 (0.5) NA <30
6,810 (99.2) 54 (0.8) NA ’ 6,823 (99.4) 41 (0.6) NA ’
2,427 (99.4) 14 (0.6) NA <47 2,418 (99.1) 23(0.9) 2.15 (1.30-3.56) <002
10,380 (99.3) 74(0.7) NA : 10,408 (99.6) 46 (0.4) 0.47 (0.28-0.77) :
3,414 (99.5) 17 (0.5) NA <19 3,408 (99.3) 23 (0.7) NA < o1
9,393 (99.2) 71(0.8) NA ’ 9,418 (99.5) 46 (0.5) NA ’
Injection Characteristics
8,596 (99.8) 14 (0.2) 0.09 (0.05-0.16) ~.001 8,553 (99.3) 57 (0.7) 2.38 (1.27-4.42) ~.005
4,211 (98.3) 74 (1.7) 10.78 (6.09-19.13) ’ 4,273 (99.7) 12 (0.3) 0.42 (0.23-0.79) ’
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and 1 allergy/immunology staff physician. Severity of SRs
was not assessed in this article.

Statistical Analysis

Statistical analysis was performed using contingency tables
(the Fisher exact test for small sample sizes and the x? test for
large sample sizes) through the SPSS/PASW software pack-
age (PASW 17; SPSS Inc, Chicago, Illinois). Odds ratios
(ORs) with 95% confidence intervals (Cls) achieved statisti-
cal significance at P < .05.

RESULTS

Baseline Demographics and SR Characteristics

A total of 414 patients (45.7% male, 81.9% adult, and 24.4%
asthmatic) received 12,895 injections during the study period.
There were 8,610 buildup stage injections (66.8%) and 4,285
maintenance stage injections (33.2%). Overall, 82 SRs were
experienced by 66 individual patients (15.9%), resulting in a
0.64% per-injection SR rate. Pediatric patients (29 of 2,441
[1.2%]) had a higher SR rate than did adults (53 of 10,454
[0.5%]) (OR, 2.36; 95% CI, 1.50-3.72; P < .001). In addi-
tion, there were more SRs in the buildup stage (67 of 8,610
[0.8%]) than in the maintenance stage (15 of 4,285 [0.4%])
(OR, 2.23;95% CI, 1.27-3.91; P < .004). As a result of these
2 findings, the dose-adjustment safety analysis was subdi-
vided into separate buildup and maintenance categories, and
age was analyzed within each group to ensure that this was
not a confounding variable. There was no significant differ-
ence in the number (P < .47) or volume (P < .19) of
allergens between the SR and non-SR groups.

Baseline Characteristics Requiring Dose Adjustment

We initially analyzed specific baseline characteristics associ-
ated with SCIT dose adjustment (Table 2). Of the 12,895 total
injections, 1,509 (11.7%) were late. Male patients (757 of
6,031 [12.6%]) were more likely to have late injections than
were female patients (752 of 6,864 [11.0%], P < .005). Also,
pediatric patients (322 of 2,441 [13.2%]) were more likely to
have a late injection than were adults (1,187 of 10,454
[11.4%], P < .01). Asthma was not associated with an
increased risk of late injections. Maintenance stage injections
(742 of 4,285 [17.3%]) were almost twice as likely to be late
than were buildup stage injections (767 of 8,610 [8.9%],
P < .001). The maintenance stage was also the only baseline
characteristic associated with injections from a newly mixed
vial, occurring in 74 (1.7%) of the maintenance stage’s 4,285
injections and in only 14 (0.2%) of the buildup stage’s 8,610
injections (P < .001).

Regarding SCIT dose adjustment after an SR, 57 of the 66
patients (86.4%) experiencing SRs continued receiving im-
munotherapy and 9 (13.6%) chose to stop immunotherapy.
Because some patients had multiple SRs, 69 individual
post-SR SCIT injections were reviewed. Pediatric patients
(23 of 2,441 [0.9%]) had more injections immediately after
an SR than did adult patients (46 of 10,454 [0.4%],

P < .002). Buildup stage injections (57 of 8,610 [0.7%]) were
also more likely to follow an SR than were maintenance stage
injections (12 of 4,285 [0.3%], P < .005). These results likely
reflect the earlier finding that pediatric patients and buildup
stage injections were significantly more likely to experience
an SR.

Safety of Dose Adjustment

Buildup stage. A total of 767 of the 8,610 SCIT buildup
stage injections were late injections requiring dose adjust-
ment (Table 3). There were 2 subsequent SRs (0.3%) in the
dose-adjusted injections compared with 65 SRs (0.8%) found
in the on-time injections. Dose adjustment for late injections
was not more likely to cause a subsequent SR (P < .09). A
subgroup analysis of the specific time-adjustment periods
showed that most late injections were 2 to 4 weeks late (611
injections [79.7%]). Although the small sample size may
limit the applicability of the subgroup analysis, the Fisher
exact test did not show that any single time-adjustment period
was more likely to have an SR.

Only 14 buildup stage injections required dose adjustment
due to being the first injection from a newly remixed vial.
There were no SRs in this dose-adjusted group, and the Fisher
exact test analysis based on expected values showed that
newly mixed vial dose adjustment was not more likely to
cause a subsequent SR (P > .99).

There were 57 dose-adjusted buildup stage injections im-
mediately after an SR, resulting in 1 new SR (1.8%). Com-
pared with the 66 SRs (0.8%) immediately after the non—
dose-adjusted buildup injections, there was no significant
increased risk of a second SR after dose adjustment from a
previous SR (P = .36).

Maintenance stage. Table 4 details the safety of dose
adjustments during the maintenance stage of SCIT. Dose
adjustments were required for 742 late injections, resulting in
1 subsequent SR (0.1%). There were 14 SRs (0.4%) in the
on-time, non—dose-adjusted injections. Similar to the buildup
stage, the maintenance stage’s dose adjustment for late injec-
tions was not more likely to cause an SR than were the
on-time, non—dose-adjusted injections (P < .49). A break-
down of specific time-adjusted injections was also per-
formed, although the low sample size limits the application of
these data.

The maintenance stage had 74 injections from a newly
mixed vial that required dose adjustment, resulting in 1
subsequent SR (1.4%). This was not significant compared
with the 14 SRs (0.3%) after the 4,211 non—dose-adjusted
maintenance stage injections (P = .23).

Finally, 12 maintenance stage injections immediately fol-
lowed an SR and required dose adjustment. There were no
additional SRs in the dose-adjusted group. Compared with
the 15 SRs (0.4%) from the 4,273 non—dose-adjusted injec-
tions, the dose-adjustment protocol after an SR was not
associated with an increased risk of SRs (P > .99).
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Table 3. Safety of the Dose-Adjustment Schedule During the Buildup Stage

Injections, No. (%) (N = 8,610)

P value
No. SRs (n = 8,543) SRs (n = 67)
Dose adjustments for time since last injection .092
On-time injections (no dose adjustment) (n = 7,843) 7,778 (99.2) 65 (0.8)
Late injections (dose adjustment) (n = 767)
All time-adjusted injections 765 (99.7) 2(0.3)
Specific time-adjusted injections, wk
2-4 610 (79.7) 1(50) .09°
4-5 63 (8.2) 1 (50) 420
5-6 32 (4.2) 0 > .99
6-7 14 (1.8) 0 > .99
7-8 7(0.9) 0 >.99°
>8 39 (5.1) 0 > .99
Dose adjustments for new vials (remixed from stock allergen > .99
owing to expiration or vial breakage)
Injections from previously mixed vials (n = 8,596) 8,529 (99.8) 67 (0.8)
First injections from remixed new vials (n = 14) 14 (100) 0
Dose adjustments after SRs .36°
Injections not preceded by SR (n = 8,553) 8,487 (99.3) 66 (0.7)
First injection after SR (n = 57) 56 (98.2) 1(1.8)
Abbreviation: SR, systemic reaction.
a P value was calculated using x? analysis.
b P values were calculated using the Fisher exact test.
Table 4. Safety of the Dose Adjustment Schedule During the Maintenance Stage
Injections, No. (%) (N = 4,285)
P value
No SRs (n = 4,270) SRs (n = 15)
Dose adjustments for time since last injection <.492
On-time injections (no dose adjustment) (n = 3,543) 3,529 (99.6) 14 (0.4)
Late injections (dose adjustment) (n = 742)
All time-adjusted injections 741(99.9) 1(0.1)
Specific time-adjusted injections, wk
2-4 306 (41.3) 0 .620
4-5 284 (38.3) 0 .62b
5-6 67 (9.0 0 >.99P
6-7 32 (4.3) 0 >.ggp
7-8 20 (2.7) 0 >.99p
>8 32 (4.3) 1 (100) 140
Dose adjustments for new vials (remixed from stock allergen .23
owing to expiration or vial breakage)
Injections from previously mixed vials (n = 4,211) 4,197 (99.7) 14 (0.3)
First injections from remixed new vials (n = 74) 73 (98.6) 1(1.4)
Dose adjustments after SRs > 99
Injections not preceded by SR (n = 4,273) 4,258 (99.6) 15(0.4)
First injection after SR (n = 12) 12 (100) 0

Abbreviation: SR, systemic reaction.
a P value was calculated using x? analysis.
b P values were calculated using the Fisher exact test.

DISCUSSION

Although SCIT was empirically adopted based on the observa-
tions of Noon and Freeman, Cooke’s grass pollen immunother-
apy research 1 year later advanced the scientific acceptance of
SCIT’s efficacy.? Since then, SCIT has become recognized as an

evidence-based therapeutic modality for allergic rhinitis, allergic
asthma, and venom hypersensitivity.! Similarly, multiple evi-
dence-based studies*~'? have tried to identify risk factors asso-
ciated with SRs. However, one area that remains without a clear
evidence basis is the practice of SCIT dose adjustments.
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Three common dose-adjustment scenarios include for late
injections, after starting a newly mixed vial, and after expe-
riencing an SR. Justification for late injection dose adjust-
ment stems from the concern that the patient may have lost
some of the immunologic tolerance conferred by previous
SCIT injections. As a result, administration of a non—dose-
adjusted SCIT injection may present a relatively large aller-
gen amount, causing an SR. Similar concerns have been
raised and found clinically significant with interruptions in
treatment after a penicillin or aspirin desensitization.!® In the
second scenario, justification for dose adjusting newly mixed
vials is the concern that the patient’s expiring allergen vial’s
potency may have degraded below its stock precursor. As a
result, administration of a non—dose-adjusted injection from
the higher-potency newly mixed vial may result in an SR.
Finally, for dose adjustments after an SR, the concern is that
the inciting SCIT dose’s allergen concentration may have
been too high for the patient’s stage of immunologic toler-
ance, and administration of the same or a greater dose on the
next visit could cause another SR. In all 3 scenarios, the
intention of SCIT dose adjustment is to improve patient
safety by reducing the risk of causing a subsequent SR. For
this reason, the immunotherapy practice parameter provides a
sample late dose—adjustment protocol and also adds consid-
erations for new vial and post-SR dose adjustments.!

None of these recommendations have a strong evidence
base. Only 1 recent letter to the editor'* has been published
addressing SCIT dose adjustments, and it was an observa-
tional study reviewing the 16 different late injection dose-
adjustment protocols at the author’s institution. The author’s
conclusion was that there were marked differences among the
practicing allergists, and the use of inconsistent dose-adjust-
ment schedules may result in an increase in medical errors.'
The present study begins to reconcile the need for an evi-
dence-based dose-adjustment schedule and the need for a
more standardized dose-adjustment protocol by analyzing the
4-year experience at Wilford Hall Medical Center using a
standard dose-adjustment protocol (Table 1) for 12,895 SCIT
injections.

We first examined the population at risk for needing dose
adjustments. Male patients and pediatric patients (age <18
years) were more likely to be late for an injection, as were
patients in the maintenance stage. We cannot speculate on the
sex differences, but the pediatric finding may reflect this
population’s difficulty with school or transportation require-
ments, and the maintenance stage finding may be due to
difficulty remembering a monthly vs a weekly schedule. The
maintenance stage was also associated with more injections
from newly mixed vials. This finding should be expected
considering that new vials are most often mixed when the
maintenance vial expires after 12 months. Finally, in this
population, SRs were more likely to occur in pediatric pa-
tients and during the buildup stage, and, as a result, these
patients were also more likely to require a post-SR dose
adjustment.

The primary purpose of this study was to assess the safety
of the dose-adjustment protocol used at Wilford Hall Medical
Center. To this end, there were no statistically significant
increases in SRs using any component of this study’s dose-
adjustment protocol. Dose-adjusted late injections had a
lower SR rate than did non—dose-adjusted injections during
the buildup and maintenance stages. The SR rate was also
lower for newly mixed vial dose-adjusted injections during
the buildup stage and post-SR dose-adjusted injections during
the maintenance stage compared with their respective non—
dose-adjusted injections. However, the SR rate was higher for
newly mixed vial dose-adjusted injections during the main-
tenance stage and for post-SR dose-adjusted injections during
the buildup stage than for non-dose-adjusted injections.
These values were not statistically significant and may reflect
the higher number of newly mixed vials associated with
maintenance stage injections and the higher number of SRs
during buildup stage injections.

Note that we cannot state that this dose-adjustment sched-
ule is the optimal dose-adjustment schedule or even that dose
adjustments are necessary. Ideally, using this study as a
baseline, additional research can now be performed to deter-
mine whether there is additional safety from larger dose
adjustments, whether similar safety can be maintained with
smaller dose reductions, and whether dose adjustments are
even necessary.

There are several limitations of this study. First, by nature
of its design as a retrospective analysis of a standardized
dose-adjustment protocol, the strength of the consistency is
balanced by the limitation that we can analyze only the
outcome of the current dose-adjustment protocol and cannot
compare multiple different dose-adjustment strategies. Sec-
ond, although this is the largest study to date on dose-
adjustment protocols, we are limited by a small sample size,
particularly in specific intervals of late injections. Finally, at
Wilford Hall Medical Center, we do not dose adjust owing to
pollen season or exacerbation of underlying allergic rhinitis
and, thus, cannot comment on other possible components of
dose adjustment.

In summary, male and pediatric patients and maintenance
stage injections were most likely to require dose adjustments
owing to late injections, maintenance stage injections were
most likely to require newly mixed vial dose adjustments and,
pediatric patients and buildup stage injections experienced
the most SRs and, as a result, required post-SR dose adjust-
ments. In each scenario, following the dose-adjustment
schedule included herein did not cause an increase in subse-
quent SRs. We hope that this study encourages discussion of
a more standardized dose-adjustment protocol and that this
study’s protocol may be used as a safe starting point for
future trials. In time, subsequent studies should be performed
comparing different dose-adjustment schedules to determine
whether there is an optimal balance between efficacy and
safety.
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