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P rimary immunodeficiency diseases (PI) comprise 

more than 200 rare genetic diseases characterized by 

increased susceptibility to serious and/or recurrent 

infections as a result of an individual’s compromised 

immune system.1 Awareness and diagnosis of PI has increased 

over the last 40 years, and in 2007, results from a survey sug-

gested that the estimated prevalence of diagnosed PI in the 

United States (US) is approximately 1 in 1200 persons.2 Clinical 

symptoms generally include recurrent or difficult-to-treat infec-

tions, poor growth or weight loss, recurrent deep abscesses of the 

organs or skin, and swollen lymph glands or an enlarged spleen.3 

Patients with PI experience significantly higher hospitalization 

rates, as well as increased limitations on physical, school, and 

social activities. For example, in 2011, the Jeffrey Modell Centers 

Network reported that the average patient with PI in the US had 

a significant burden of 12 physician, emergency department, or 

hospital visits and 5 days of hospitalization annually in the year 

following diagnosis.4 Annual infection-related costs are estimated 

to be $18,368 among patients with PI.5 In addition, more than 50% 

of PI are associated with antibody deficiencies (often resulting in 

recurrent serious bacterial infections of the respiratory tract) that 

negatively impact patients’ life expectancy and put patients at 

increased risk of comorbidities such as autoimmune diseases and 

inflammatory and lymphoproliferative disorders.6 

Immunoglobulin G (IgG) replacement therapy can be adminis-

tered to the patient either intravenously (IVIG) or subcutaneously 

(SCIG), with the 2 routes demonstrating equivalent efficacy in 

preventing bacterial and other infections, such as pneumonia, 

sinusitis, and otitis media. Both therapies may also help prevent 

hospitalizations due to infection, as well as improve other impor-

tant quality-of-life–related outcomes.6 In addition, SCIG is associ-

ated with lower rates of systemic adverse reactions and provides 

easier patient access to treatment as it is self-administered and 

does not require a visit to the clinic for infusion. SCIG has been 

shown to be generally more cost-effective than IVIG, largely due 

to fewer lost work or school days. As demonstrated in previous 

studies, the net cost savings after switching from IVIG to SCIG at a 
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1:1.5 dose ratio is between $755 and $4115 per patient, depending 

on the cost that is considered to be saved for having successfully 

avoided infections.7,8 

Hizentra (Immune Globulin Subcutaneous [Human] 20% 

Liquid; 20% SCIG) is the first 20% SCIG therapy indicated for PI 

in adults and pediatric patients 2 years of age and older.9 It was 

approved after 2 pivotal trials in the US and Europe, which had 

durations greater than 60 and 40 weeks, respectively. Its higher 

concentration of 20%, as compared with 10% and 16% products, 

was formulated for lower-volume subcutaneous administration.10 

In addition, 20% SCIG (Hizentra) is also self-administered and can 

be stored at temperatures up to 25°C.11,12

Due to differences in pharmacokinetics between IVIG and SCIG 

preparations (i.e., differences in bioavailability, as measured by 

the area under the serum concentration-time curve [serum AUC]), 

the FDA requires manufacturers to calculate a dose-adjustment 

coefficient between the 2 treatment routes that ensures equivalent 

systemic exposure within margins of 80% to 125%.9 Specifically, 

a pharmacokinetic study of 20% SCIG (Hizentra) indicated that 

the monthly dose of SCIG that provides equivalent systemic 

exposure to IVIG was 1.53 times the dose of IVIG.13 In January 2015, 

the FDA approved reduction of the dose adjustment factor to 1.37 

on the basis of data from pharmacometric modeling and simula-

tions. This dose-adjustment factor is consistent with the class 

of SCIG therapies, except the 10% SCIG human hyaluronidase 

and immune globulin. As such, current prescribing information 

for 20% SCIG (Hizentra) in the US recommends that patients 

switching from IVIG therapy to 20% SCIG (Hizentra) are dosed 

at 1.37 times their previous IVIG dose.14 However, prescribing 

information in the European Union (EU) recommends equivalent 

dosing between IVIG and 20% SCIG (Hizentra).6 An analysis of 

cross-sectional data from a major home 

care provider showed that dosing patterns 

may vary across patient populations or 

route of administration, with lower doses 

prescribed for patients on SCIG than with 

IVIG.12 Previous research also indicates 

that treatment with 20% SCIG (Hizentra) at 

equivalent doses to IVIG (i.e., at a 1:1 ratio) 

is well-tolerated and effective in protect-

ing against infections in patients with 

PI.10 As a result, a number of studies have 

raised questions about whether dose-

adjustment coefficients are needed.10,11,13,15

The objective of this study was to eval-

uate and provide real-world evidence of 

dose ratios in the US after patients with 

PI were switched from IVIG to 20% SCIG 

(Hizentra).

Methods
Study Design and Patient Selection
A retrospective longitudinal study was conducted using ship-

ment data on prescriptions dispensed from specialty phar-

maceutical and service providers (SPs) from 2011 to 2016. SPs 

fill prescriptions for specialty drugs, such as IgG replacement 

therapy, that are not available at local retail pharmacies, due 

to higher costs or complexity of handling and administration. 

The database contained information from more than 40 differ-

ent SPs and included data on patient diagnoses; details about 

the drugs shipped, such as strength, volume, vial quantity, and 

mode of administration; prescriber specialty; patient weight; and 

patient demographics, including age, sex, and geographic region. 

Shipped volume (in grams) was used to calculate the dose in this 

study because volume prescribed or consumed is not available in 

the data. The study, therefore, implicitly assumes that patients 

were administered the total volume of therapy shipped. There 

are no strong reasons to believe that patients were administered 

a volume different than that shipped. Even if patients were not 

administered all of the shipments they received, it is unlikely 

that this phenomenon would impact calculations of SCIG and 

IVIG dose differentially. Moreover, if patients were administered 

only a portion of volume shipped, the current study would tend 

to overestimate the SCIG-to-IVIG dose ratios.

The study design scheme is presented in Figure 1. The study 

population included PI patients who switched from IVIG therapy 

to 20% SCIG (Hizentra). PI patients were identified using ICD-9-

CM (279) or ICD-10-CM (D80-D84) diagnosis codes. Patients who 

switched from IVIG to 20% SCIG (Hizentra) were identified as 

patients who had at least 1 IVIG shipment prior to the first 20% 

TAKE-AWAY POINTS

 › For most subcutaneous immunoglobulin G (SCIG) products (except the 10% 
SCIG human hyaluronidase and immune globulin), United States (US) prescrib-
ing information recommends that patients with primary immunodeficiency dis-
ease (PI) be switched from intravenous immunoglobulin G (IVIG) replacement 
therapy to SCIG replacement therapy at a dose ratio of 1:1.37, while a dose 
ratio of 1:1 was approved in the European Union (EU).

 › Previous research indicates that treatment with SCIG at equivalent doses to 
IVIG (i.e., 1:1 dose ratio) effectively protects patients with PI against infection, 
although real-world dose ratios have not been studied.

 › Real-world specialty pharmacy data indicate that patients are switched from 
IVIG to 20% SCIG (Hizentra) at dose ratios lower than current recommendations 
in US prescribing information, and close to the EU-approved dose ratio of 1:1.

 › The dose ratio recommended in US prescribing information may be higher 
than necessary for effective treatment of PI.
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SCIG (Hizentra) shipment observed in the 

database. All patients were required to have 

at least 2 shipments of 20% SCIG (Hizentra), 

including the first 20% SCIG (Hizentra) ship-

ment, which defined the switch date, and at 

least 1 shipment of 20% SCIG (Hizentra) at 

least 6 months after the switch date. Patients 

were also required to be at least 2 years old at 

6 months before the switch date and have no 

claims for IVIG during the 6 months follow-

ing the switch.

Treatment, Outcomes, and Covariates
Baseline demographic, provider, and payer 

characteristics were assessed at the time 

of switch; these included sex, weight, geo-

graphic location of provider, type of PI diag-

nosis, specialty of provider, and payer type. Age was assessed at 6 

months prior to switch.

The outcomes of interest were within-patient Hizentra 20% 

SCIG-to-IVIG monthly dose ratios at months 0 to 2 (0-60 days), 2 to 

4 (61-120 days), 4 to 6 (121-180 days), and 6 to 8 (181-240 days) after 

the patient switched to 20% SCIG (Hizentra) from an IVIG therapy.

Statistical Analysis
Baseline demographic, provider, and payer characteristics were 

described with frequency distributions for categorical variables 

and with means, standard deviations (SDs), medians, and inter-

quartile ranges (IQRs) for continuous variables.

Mean daily IVIG dose (g/day) prior to the switch to 20% SCIG  

(Hizentra) was calculated as the total volume of IVIG therapy 

shipped to the patient prior to the switch date divided by the 

number of days between the first and the last IVIG shipment date 

plus 30 days to account for time associated with the last ship-

ment (based on the median number of days between shipments 

observed in the database). The mean daily IVIG dose was multi-

plied by 30 to calculate the average monthly IVIG dose (g/month).

The data show that shipments of 20% SCIG (Hizentra) were 

sent to patients in variable intervals (mean, SD, and mode of the 

duration of time between shipments were 27, 19, and 28 days, 

respectively). This observed nonuniformity in shipment inter-

vals could have implications on the calculation of mean monthly 

20% SCIG (Hizentra) dose because a simple aggregation of ship-

ments by month could result in the mean monthly dose being 

automatically inflated or deflated based on the frequency of ship-

ments. Therefore, to assess the volume of 20% SCIG (Hizentra) 

that was intended for treatment of each patient, mean monthly 

20% SCIG (Hizentra) dose was calculated assuming that the dura-

tion of time between shipments reflected the number of days 

that a particular prescription shipment was used by the patient 

(as noted above, the mean duration between 20% SCIG (Hizentra) 

shipments was 27 days). Specifically, daily 20% SCIG (Hizentra) 

doses (g/day) were first estimated by dividing the shipped vol-

ume in each shipment by the number of days to the next ship-

ment. These estimated daily doses were aggregated for each 

2-month period following the switch date, and average monthly 

doses (g/month) were calculated by dividing the aggregated daily 

doses by 2 months. 

For each patient, Hizentra 20% SCIG-to-IVIG dose ratios were 

calculated for each 2-month period post switch by dividing the 

patient’s mean monthly 20% SCIG (Hizentra) dose by his or her 

mean monthly IVIG dose prior to the switch. If a patient did not 

have a shipment in a given 2-month period, the patient’s dose 

ratio from the last period was carried forward. This last observa-

tion carried forward approach for imputing missing data is com-

monly used in health outcomes research.16 

Median (IQR) dose ratios at each 2-month interval were then 

calculated in order to minimize the impact of outliers and were 

plotted for the study population. Dose ratios at 2 to 4, 4 to 6, and 

6 to 8 months were compared with the dose ratio at 0 to 2 months 

using the Wilcoxon signed rank test to account for the paired 

nature of the data. 

Sensitivity Analysis
Patient weight was available for only 82% of the study pop-

ulation and was not regularly recorded for each shipment. 

Because healthcare providers prescribe SCIG and IVIG dose based 

on patient weight, mean monthly dose ratios were calculated 

assuming that patient weight did not change substantially over 

the course of the 8-month observation period. Although this is a 

reasonable assumption to make for adults, it may not be valid for 

FIGURE 1. Study Design
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pediatric patients. Therefore, a sensitivity analysis was conduct-

ed excluding pediatric patients younger than 8 years of age from 

the study population to reduce the effects of changes in patient 

weight on dose calculations. 

Results
Baseline Demographic, Provider, and Payer 
Characteristics
A total of 278 patients met the inclusion criteria for the study; base-

line characteristics are reported in Table 1. The study population 

was 66.2% female, and mean age and weight were 38.6 years (SD, 

21.6; median, 42.0; IQR, 17.5-57.5) and 61.3 kg (SD, 36.0; median, 58.0; 

IQR, 35.5-79.0). Provider locations were similarly distributed across 

all geographic regions, with the highest proportion of providers in 

the South (30.6%) and Northeast (27.7%) regions. The most common 

PI diagnosis was immunodeficiency of humoral immunity (ICD-9-

CM 279.0 and ICD-10-CM D83, 80.2%), followed by diagnosis of dis-

orders involving the immune system (ICD-9-CM 279, 12.9%). Most 

shipped prescriptions were prescribed by providers specializing in 

allergy and immunology (81.3%), followed by pediatrics (9.7%). More 

than 80% of patients were covered by a commercial payer; approxi-

mately 20% of patients were covered by a federal payer.

Median Dose Ratios Over Time
Figure 2 presents the median Hizentra 20% SCIG-to-IVIG dose 

ratio for each 2-month period following the patients’ switch date. 

The initial median (IQR) Hizentra 20% SCIG-to-IVIG dose ratio 

was 1.14:1 (0.92:1-1.45:1) at 0 to 2 months post switch, a level lower 

than the dose ratio of 1.37:1 specified in the current US prescribing 

information. The median dose ratio was 1.09:1 (0.79:1-1.36:1) at 2 

to 4 months and stabilized to 1.05:1 (0.75:1-1.34:1) at 4 to 6 months 

and 1.05:1 (0.70:1-1.34:1) 6 to 8 months post switch. As shown in 

Table 2, median dose ratios at months 2 to 4, 4 to 6, and 6 to 8 were 

all statistically significantly different from the median dose ratio 

at 0 to 2 months post switch (all P <.001). 

Results From Sensitivity Analysis Excluding 
Pediatric Patients
A total of 25 pediatric patients younger than 8 years of age were 

excluded in the sensitivity analysis sample. As shown in Figure 3,  

FIGURE 2. Median Monthly Hizentra 20% SCIG-to-IVIG Dose Ratio 
Over Time
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TABLE 1. Baseline Demographic, Provider, and Payer 
Characteristics

N = 278

Age (years), mean ± SD 38.6 ± 21.6

Median (IQR) 42.0 (17.5-57.5)

Sex, n (%)

Female 184 (66.2)

Male 94 (33.8)

Unknown 0 (0)

Patient weight (kg), mean ± SD 61.3 ± 36.0

Median (IQR) 58.0 (35.5-79.0)

Geographic US location of provider site, n (%)

West 55 (19.8)

Midwest 57 (20.5)

Northeast 77 (27.7)

South 85 (30.6)

Unknown 4 (1.4)

Type of PI diagnosis, n (%)

Deficiency of humoral immunity 223 (80.2)

Disorders involving the immune mechanism 36 (12.9)

Deficiency of cell-mediated immunity 3 (1.1)

Other immunodeficiencies 13 (4.7)

Other autoimmune diseases 3 (1.1)

Specialty of provider who prescribed 20% SCIG (Hizentra), n (%)

Allergy and immunology 226 (81.3)

Internal medicine 5 (1.8)

Pediatrics 5 (1.8)

Other 27 (9.7)

Unknown 15 (5.4)

Payer type, n (%)

Commercial 223 (80.2)

Federal 55 (19.8)

IQR indicates interquartile range; PI, primary immunodeficiency disease; 
SCIG, subcutaneous immunoglobulin G; SD, standard deviation; US, United 
States.

IVIG indicates intravenous immunoglobulin G; SCIG, subcutaneous immuno-
globulin G.
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results from the sensitivity analysis were nearly identical to those 

from the main analysis, demonstrating that the main study results 

were robust to the assumption of constant patient weight over 

time. The initial median (IQR) Hizentra 20% SCIG-to-IVIG dose 

ratio excluding the pediatric population was 1.15:1 (0.88:1-1.45:1) at 

0 to 2 months post switch. Median dose ratios were 1.09:1 (0.78:1-

1.37:1) at 2 to 4 months, 1.06:1 (0.74:1-1.34:1) at 4 to 6 months, and 

1.07:1 (0.70:1-1.34:1) at 6 to 8 months post switch. As observed in 

the main analysis, the median dose ratios at months 2 to 4, 4 to 

6, and 6 to 8 were all statistically significantly different from the 

median dose ratio at 0 to 2 months post switch (all P <.001). 

Discussion
Results from this study of real-world US data indicate that many 

patients switching to 20% SCIG (Hizentra) from IVIG began treat-

ment at dose ratios lower than the Hizentra 20% SCIG-to-IVIG 

dosing ratio of 1.37:1 recommended in the current US 20% SCIG 

(Hizentra) prescribing information. The median dose ratio sub-

sequently reached approximately 1.1:1 after 2 months post switch 

and remained relatively stable through 8 months post switch. The 

median dose ratio at 0 to 2 months was statistically significantly 

different from dose ratios at later bimonthly intervals (2 to 4, 4 to 

6, and 6 to 8 months). Hence, patients receive 20% SCIG (Hizentra) 

at a dose that is approximately equivalent to their IVIG dose, as 

recommended in the EU. These results are not surprising, because 

previous research has shown that 20% SCIG (Hizentra) is well-tol-

erated and effective in doses equivalent to IVIG. In fact, in 1 of the 

first studies of 20% SCIG (Hizentra), it was stated that a dose ratio 

of 1.53:1 may not be necessary, because doses of SCIG that were 

equivalent to previous IVIG doses resulted in a 17.7% increase in 

serum IgG levels.11,13 Furthermore, stabilization of the dose ratio at 

approximate equivalency is consistent with reports from PI clini-

cal experts on their approach to management.17,18 Because the FDA 

recommends that SCIG doses be modified based on the patient’s 

clinical condition, results from this study may reflect the fact that 

similar doses of IVIG and SCIG are prescribed to reduce the rate of 

infection in patients with PI.

The conclusions of this study also held for the sensitiv-

ity analysis excluding pediatric patients from the study sample. 

Since the dose of 20% SCIG (Hizentra) is expected to increase over 

time with increasing weight for pediatric patients, it is expected 

that the dose ratio would also increase over time. However, the 

opposite trend was observed, and potential changes in patient 

weight did not impact stabilization of the postswitch dose ratio to 

approximately 1.1:1.  

Real-world dosing evidence presented in this study may also 

have implications on the expected costs of treatment associated 

with 20% SCIG (Hizentra). Although 20% SCIG (Hizentra) is more 

costly than IVIG, it has been shown to be cost-effective or cost-sav-

ing at a Hizentra 20% SCIG-to-IVIG dose ratio of 1:1 and cost-saving 

even at a dose ratio of 1.5:1 as a result of lower healthcare resource 

utilization and, therefore, lower costs for hospital care.19 The need 

for medical supervision and administration of IVIG infusions at 

healthcare centers is one of the main drivers of the cost differ-

ences between IVIG and SCIG treatment. A number of international 

studies have shown that switching from IVIG to SCIG also reduces 

healthcare costs incurred by payers as a result of decreased hospital 

personnel labor costs, increased healthcare personnel productivity, 

and less use of healthcare facilities.20-22 The convenience of admin-

istering SCIG at home, avoiding time spent at infusion centers, and 

reduced productivity loss resulting from short infusion times also 

provides indirect cost savings to patients.23

Improvements in patient quality of life are observed among 

pediatric and adult patients who switch from IVIG to SCIG, and 

TABLE 2. Comparison of Monthly Hizentra 20% SCIG-to-IVIG 
Dose Ratios

Median 
differencea 95% CIa

Wilcoxon 
signed rank 
test P value

0-2 month versus 
6-8 month dose ratio

–0.08
(–0.12 to 

–0.05)
<.001

0-2 month versus 
4-6 month dose ratio

–0.08
(–0.11 to 

–0.05)
<.001

0-2 month versus 
2-4 month dose ratio

–0.06
(–0.08 to 

–0.04)
<.001

CI indicates confidence interval; IVIG, intravenous immunoglobulin G; SCIG, 
subcutaneous immunoglobulin G.
aMedian differences and CI were calculated based on the Hodges-Lehmann 
estimator for medians.

FIGURE 3. Median Monthly Hizentra 20% SCIG-to-IVIG Dose Ratio 
Over Time Excluding Pediatric Patients
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dose ratios of approximately 1:1 are likely to be sufficient to 

achieve these positive outcomes.24 Specifically, patients treated 

with home-based SCIG reported improved treatment satisfaction, 

greater freedom and flexibility, and better school and social func-

tioning among children.23 Given patient preference for home ther-

apy, equal efficacy of SCIG and IVIG therapy in protecting against 

infections, and the relative safety of SCIG administration, it is not 

surprising that 90% of patients who switched from IVIG to SCIG 

therapy in a previous study remained on SCIG and 95% of newly 

diagnosed patients who chose SCIG over IVIG remained on SCIG.25

Thus, in addition to showing that the dose of 20% SCIG 

(Hizentra) needed to achieve positive clinical and quality-of-life 

outcomes is lower than the level currently recommended in the 

US, the potential implications of the lower, real-world dose ratio 

include reduced direct and indirect costs. These cost savings are 

certainly a benefit to patients and payers. 

This analysis of real-world prescription data suggests that, for 

most PI patients, stable dose ratios close to 1:1 were achieved after 

2 months following the switch, providing economic benefits to 

patients and lower costs to payers. As such, our findings indicate 

the current prescribing information–recommended dose ratio 

of 1.37:1 may be excessive and result in higher drug costs to the 

patient than necessary. Additional research is needed to confirm 

the results of our study.

Limitations
This study has several limitations. First, data on patient weight 

was not available for all patients and thus could not be factored 

into the calculation of dose ratios. Since prescribed dose for IVIG 

and SCIG therapy depend on weight, changes in weight over time 

may potentially affect dose ratios and render monthly doses over 

time incomparable. However, exclusion of pediatric patients, 

whose weight is likely to be the least stable, demonstrated that the 

same conclusions from the main study population hold, suggest-

ing that study results were robust to potential changes in weight.

Second, the calculated doses for 20% SCIG (Hizentra) and IVIG 

are based on volume shipped and not volume prescribed or con-

sumed by the patient, because this information is not regularly 

available from SP shipment data, to which this study was limited. 

Thus, it was assumed that the volume shipped was equal to the vol-

ume administered to the patient. However, a method that estimated 

monthly dose by calculating daily doses first was applied to ensure 

that dose estimates were as accurate as possible. The availability of 

additional data fields may enhance the ability to address objectives 

of the current study. Currently, few datasets would allow for such an 

investigation. In addition, the nonuniformity of shipment intervals 

and missing dose ratios in consecutive 2-month periods (addressed 

using the last observation carried forward imputation method, 

which may increase bias) are also limitations of this study.

Lastly, as with all retrospective observational studies, these 

results may be subject to selection bias. Data on the patient’s clini-

cal condition (e.g., comorbidities and infection history) prior to 

and following switch, IgG serum levels, and clinical outcomes 

were lacking from the SP database used in this study. Although the 

objective of this analysis was to calculate monthly dose ratios, these 

interesting findings may warrant a future study to examine clinical 

and quality-of-life outcomes associated with different dose ratios, 

and to examine the economic impact of lower dose ratios. 

Conclusions
Real-world data show that patients switching from IVIG began 

SCIG therapy with 20% SCIG (Hizentra) at dose ratios lower than 

the current prescribing information–recommended dose ratio in 

the US. Stabilization of the Hizentra 20% SCIG-to-IVIG dose ratio 

close to 1:1 is consistent with reports of clinical management of 

PI and with the dosing ratio used in the EU. In previous research, 

serum IgG levels with SCIG have been shown to be higher than 

with IVIG, and this raises the possibility that the dose adjustment 

factor recommended in the current prescribing information in the 

US may be too high or unnecessary. 
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