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ORIGINAL ARTICLE

Infections in secondary immunodeficiency patients treated with PrivigenVR or
HizentraVR : a retrospective US administrative claims study in patients with
hematological malignancies

Rajiv Mallicka, Victoria Divinob, B. Douglas Smithc, Stephen Jollesd, Mitchell DeKovenb and
Donald C. Vinhe

aCSL Behring, King of Prussia, PA, USA; bIQVIA, Falls Church, VA, USA; cJohns Hopkins University School of Medicine, Baltimore, MD,
USA; dUniversity Hospital of Wales, Cardiff, UK; eMcGill University Health Centre, Montreal, Canada

ABSTRACT
B cell-derived lymphoproliferative disorders are associated with secondary immunodeficiency
(SID); some patients require immunoglobulin replacement therapy (IgRT) to mitigate infections.
Using IQVIA’s PharMetricsVR Plus database, patients with SID who received IgPro10/IgPro20 in the
12 months post-diagnosis (IgRT users) were matched to patients with SID not receiving IgRT (non-
IgRT users). The risk of severe infection was compared using within-patient change from baseline
to follow-up as well as between cohorts. Overall, 277 IgRT users were matched to 1019 non-IgRT
users. Before IgRT, more IgRT users experienced any bacterial infection (88.4% vs. 72.9%; p<.0001)
or �1 severe bacterial infection (SBI) (42.2% vs. 31.8%; p¼.0011) vs. non-IgRT users. During follow-
up, risk of SBI among IgRT users (21.7%) reached parity with non-IgRT users (21.2%). IgRT was asso-
ciated with a reduction in SBIs to levels comparable with the lower ‘baseline infection risk’ of non-
IgRT users. These criteria help define SID patients who may benefit from IgRT.
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Introduction

Secondary immunodeficiency (SID) refers to a compro-
mised immune system by non-hereditary factors,
including certain hematological malignancies, medica-
tions (notably, B-cell depleting or T-cell modulating
therapies), solid organ or hematopoietic stem cell
transplantation, radiation, protein-losing conditions,
infections such as HIV, malnutrition, and age-related
immunosenescence [1]. One form of SID is hypogam-
maglobulinemia (HGG), which most commonly mani-
fests as recurrent and/or severe respiratory tract
infections, and may also be characterized by poor
response to vaccines [2].

B cell-derived lymphoproliferative disorders, such as
chronic lymphocytic leukemia (CLL), multiple myeloma
(MM), and non-Hodgkin lymphoma (NHL), are frequently
associated with SID-HGG, owing to both the impact of
malignant lymphocytes and the fact that lymphocyte-tar-
geting treatment of the malignancies can impact the
capacity to generate antibodies [3–6]. CLL, MM, and NHL
affect 1.19 (95% confidence interval (CI): 1.12–1.25), 2

(95% CI: 1.84–2.26), and 6.39 (95% CI: 6.27–6.50) people
in every 100,000 globally, respectively [7]. HGG affects up
to 85% of CLL patients [3,8], 52–90% of MM patients [9],
and 15–38% of NHL patients [5]. The resulting infections
can be life-threatening; in CLL, MM, and NHL, the attrib-
utable mortality rate from infections is approximately
50%, 22%, and 33%, respectively [8,10–12].

Given the prevalence of SID-HGG (herein referred
to as ‘SID’) in these B-cell lymphoproliferative disor-
ders, and the significant potential for associated mor-
bidity and mortality, preventative measures would be
expected to improve quality of life and overall out-
comes for these patients. Immunoglobulin replace-
ment therapy (IgRT) has been previously shown to
mitigate the infection-associated complications of
HGG, in both patients with inborn errors of immunity
(where it is, in fact, standard of care), as well as in SID
[10,13,14]. Despite this evidence of benefit, a scoping
analysis of various national guidelines demonstrated
that they rarely recommend IgRT as first-line therapy
in patients with newly diagnosed SID; rather, they
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include various criteria to guide clinicians on which
patients are eligible for IgRT including: history of HGG,
recurring or persistent infections, severe infections
and/or progressive disease. Some guidelines and con-
sensus statements include a failure of antibiotic ther-
apy or conjugate pneumococcal immunization as pre-
requisites for receipt of IgRT treatment [10,13,15–20].
In the US specifically, the American Academy of
Allergy, Asthma and Immunology (AAAAI) guidelines
recommend recurrent severe bacterial infections (SBIs)
as part of the pre-requisite for IgRT in CLL and MM
patients [19].

The real-world consequences of guideline recom-
mendations have not been well characterized, other
than in selected European countries [21]. Notably,
such data from the US are lacking. However, informa-
tion on the use and clinical impact of IgRT policies,
and on patient-specific factors would be invaluable in
optimizing clinical advice, guidelines, healthcare
resource utilization, and medical care.

This retrospective US claims database analysis was
undertaken aimed to (a) describe characteristics of
patients treated with IgRT (IgPro10 (PrivigenVR ) or
IgPro20 (HizentraVR ); CSL Behring, King of Prussia, PA)
and compare them with those of patients who did not
receive IgRT and (b) evaluate the impact of IgPro10/
IgPro20 in terms of reducing the odds of SBIs in
patients with hematological malignancies.

Patients and methods

Data sources

A retrospective US database cohort analysis was con-
ducted using IQVIA’s PharMetricsVR Plus Database of
patients extending from January 2010 to September
2018. Within this database window, adult patients with
a SID diagnosis (codes: ICD-9-CM 279.0x (excluding
279.04), 279.3; ICD-10-CM D80.x (excluding D80.0),
D84.9) that occurred between January 2011 and
September 2017 were identified (first SID diagnosis was
established as the ‘diagnosis date’) and stratified by the
required underlying malignancy (CLL and/or MM and/or
NHL). Patients were excluded if they had a SID diagno-
sis in the 12 months prior to the diagnosis date, to
ensure the identified diagnosis was an incident one or
if they had incomplete data or data quality issues.
Ethics approval was not required for this type of study.

Study cohorts

Two groups of patients were established. ‘IgRT users’
were patients with a SID diagnosis who received �1

claim for IgPro10 or IgPro20 (and no other IgRT) in a
12-month period following the diagnosis date. To
ensure comparison of ‘IgRT users’ to a similar severity
group, a cohort of ‘non-IgRT users’ were designed to
be age-matched (exact age at index date) and cancer
subtype-matched patients who did not receive any
IgRT (regardless of brand) in the 12 months following
the diagnosis date. Each IgRT user was matched with
up to five non-IgRT users. The treatment index date
was defined as the date of the first IgRT claim for IgRT
users. A pseudo-treatment index date was assigned to
matched non-IgRT users by taking the hematological
cancer diagnosis date and adding the days until the
treatment index date for the matched IgRT user, and
applying the same process to matched non-IgRT users.
Patients were required to have had at least 12
months’ continuous health plan enrollment (CE) pre-
treatment index or pre-pseudo treatment index date
(baseline period) and 12 months’ CE post-treatment
index or post-pseudo treatment index date (follow-up
period) to be included in the analysis.

Study outcomes

The following outcomes were compared:

1. Occurrence of SBIs (defined as those requiring
intravenous (IV) antibiotics in the outpatient set-
ting or those hospitalized with a bacterial infec-
tion diagnosis code (mutually exclusive)) between
the IgRT users and non-IgRT users over the fol-
low-up period.

2. Difference in (a) any bacterial infection and (b)
SBIs (mean number) between baseline and follow-
up period, for IgRT users vs. non-IgRT users.

3. Mean number of (a) any bacterial infections and
(b) SBIs per patient, between the IgRT users and
non-IgRT users over the follow-up period.

Diagnosis codes indicating bacterial/SBIs were iden-
tified using the criteria below:

1. Specific to a bacterial organism.
2. Specific to an infection that can only be caused

by bacteria.
3. Specific to an infection primarily caused by bac-

teria (e.g. ear infection).
4. Specific to an infection that could have been caused

by bacterial or non-bacterial pathogens, and bac-
teria were not considered to be the primary cause
but was included for key anatomic sites: sinopulmo-
nary (pneumonia, bronchopneumonia, sinus disease,
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etc.), skin and subcutaneous tissue, urinary tract
infection, septicemia; unless the code specified a
non-bacterial cause (like viral pneumonia).

A full list of the diagnostic codes is available
upon request.

Statistical analyses: baseline characteristics

For the matched groups, baseline characteristics were
compared using bivariate conditional logistic regres-
sions. Conditional logistic regression is the application
of a logistic model to each stratum individually, with
the coefficients of the predictors conditionally mod-
eled based on being a member of a certain stratum
[22–24]. Conditional logistic regression was considered
appropriate for these data to ensure that the compari-
son accounted for the previously matched cases and
controls (i.e. 1: many matched patients). Bivariate
regression refers to the comparison of cases and con-
trols without adjustment for other covariates, while
multivariate regression does control for
other covariates.

Statistical analyses: outcomes

To evaluate outcomes across IgRT users and non-IgRT
users, the following analyses were conducted.
Bivariate conditional logistic regression was conducted

to compare occurrence of severe infections (outcome
1), in IgRT users vs. non-IgRT users. Further, multivari-
ate conditional logistic regression models were esti-
mated for the overall cohort and by cancer subtype to
adjust outcome 1 for significantly higher occurrence
of baseline risk factors (number of prior infections, use
of antibiotics, cancer treatments, and hospitalization,
among others) in IgRT users compared with non-IgRT
users. Outcomes 2 and 3 were compared for the base-
line and follow-up periods, as observed, for IgRT users
and non-users, overall and by cancer subtype. These
outcomes were also estimated with the main IgRT
effect adjusted for baseline covariates using a general-
ized linear regression models (GLMs) approach with
Poisson’s distribution and log-link transformation
[25,26], and predicted values generated for the num-
ber of infections expected in follow-up (outcome 3).

Results

Patient characteristics during baseline period

The final sample comprised 277 IgRT users and 1019
non-IgRT users that were matched by age and cancer
subtype. Most patients had CLL or NHL. Although IgRT
users and non-IgRT users were not matched by sex,
sex distribution was similar in both groups (Table 1).

Overall, before receiving IgRT, IgRT users in this US
study had significantly higher mean healthcare costs

Table 1. Baseline patient characteristics.
Characteristics IgRT (N¼ 277) Non-IgRT (N¼ 1019) p value

Mean age, years 57.2 56.6 .3944
Sex, n (%)
Female 120 (43.3) 453 (44.5) .7361

Underlying malignancy, n (%)a

CLL 111 (40.1) 358 (35.1) .1293
MM 40 (14.4) 138 (13.5) .7003
NHL 170 (61.4) 643 (63.1) .5976

Comorbid conditions of interest, n (%)a

Neutropenia 99 (35.7) 276 (27.1) .0049
Sinusitis 113 (40.8) 274 (26.9) <.0001
Bronchitis 70 (25.3) 185 (18.2) .0083
Diabetes 58 (20.9) 195 (19.1) .5022

Therapies of interest, n (%)
Any antibiotic 265 (95.7) 887 (87.0) <.0001
IV antibiotics 107 (38.6) 250 (24.5) <.0001
Cancer treatments 155 (56.0) 468 (45.9) .0031
Chemotherapy 92 (33.2) 296 (29.0) .1796
Biologics (monoclonal antibodies) 99 (35.7) 232 (22.8) <.0001
Small molecule targeted therapies 44 (15.9) 107 (10.5) .0133
Radiation 20 (7.2) 84 (8.2) .5783
Immunosuppressive drugs 40 (14.4) 108 (10.6) .0746

Physician office visits, mean (SD) 34.5 (26.0) 27.6 (22.9) <.0001
Hospitalization, n (%) 150 (54.2) 495 (48.6) .0999
Hospitalization with BI diagnosis, n (%) 101 (36.5) 290 (28.5) .0101
IgG levels tested, n (%) 239 (86.3) 618 (60.6) <.0001

BI: bacterial infection; CLL: chronic lymphocytic leukemia; IgG: immunoglobulin G; IgRT: immunoglobulin replacement
therapy; IV: intravenous; MM: multiple myeloma; NHL: non-Hodgkin lymphoma; SD: standard deviation.
aPatients could have more than one underlying malignancy/comorbid condition of interest and are included in each
relevant subgroup.
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in the 12-month baseline period than non-IgRT users
($219,149 vs. $153,800; p<.0001); this trend was also
observed for each cancer subtype (CLL: $169,575 vs.
$98,668; MM: $331,425 vs. $206,642; NHL: $238,170 vs.
$178,019). IgRT users also had a higher mean number
of baseline physician office visits (34.5 vs. 27.6;
p<.0001) compared with non-IgRT users, and a higher
proportion had neutropenia, sinusitis, and/or bron-
chitis in the baseline period (Table 1).

A higher proportion of IgRT users had a serum
immunoglobulin G (IgG) test (86.3% vs. 60.6%;
p<.0001), antibiotic use (95.7% vs. 87.0%; p<.0001; IV
antibiotic use: 38.6% vs. 24.5%; p<.0001), and biolog-
ics use (i.e. monoclonal antibodies) for cancer treat-
ment (35.7% vs. 22.8%; p<.0001) in the baseline
period compared with non-IgRT users. Across cancer
subtypes, use of biologics was higher for the NHL sub-
type (42.9% of IgRT users and 28.8% of non-IgRT
users; p¼.0004) and the CLL subtype (39.6% of IgRT
users and 22.3% of non-IgRT users; p¼.0003) subtypes,
compared with the MM subtype (10.0% of IgRT users
and 5.8% of non-IgRT users; p¼.4714), where the use
of targeted therapies overall (including proteasome
inhibitors, e.g. bortezomib) was more frequent (52.5%
of IgRT users and 50.0% of non-IgRT users; p¼.7807)
(Table 2).

Occurrence of bacterial infections during the
baseline period

In the baseline period (i.e. before IgRT use), a higher
proportion of IgRT users than non-IgRT users

experienced �1 bacterial infection (88.4% vs. 72.9%;
p<.0001) (Figure 1) and had a higher mean number of
bacterial infections (10.3 vs. 5.9; p<.0001) (Figure 2). A
higher proportion of IgRT users also experienced �1
SBI compared with non-IgRT users (42.2% vs. 31.8%;
p¼.0011) (Figure 3) and had a higher mean number of
SBIs per patient in the 12-month baseline period (0.5
vs. 0.2; p¼.0014) (Figure 4).

Comparisons between baseline and follow-
up period

In the follow-up period, SBIs were reported in a similar
proportion of IgRT users (now on IgRT, dose deter-
mined by the clinical care provider) and non-IgRT
users (21.7% vs. 21.2%; p¼.8667) (Figure 3). For the

Table 2. Hematologic malignancy treatments by cancer subtype and by IgRT group during the baseline period.
CLL (n¼ 469) NHL (n¼ 813) MM (n¼ 178)

Characteristics
IgRT

(n¼ 111)
Non-IgRT
(n¼ 358) p value

IgRT
(n¼ 170)

Non-IgRT
(n¼ 643) p value IgRT (n¼ 40)

Non-IgRT
(n¼ 138) p value

Cancer treatments, n (%) 59 (53.2) 116 (32.4) <.0001 102 (60.0) 329 (51.2) .0401 28 (70.0) 87 (63.0) .4179
Chemotherapy 38 (34.2) 80 (22.3) .0117 60 (35.3) 219 (34.1) .7629 14 (35.0) 38 (27.5) .3607
Biologics (mABs) 44 (39.6) 80 (22.3) .0003 73 (42.9) 185 (28.8) .0004 4 (10.0) 8 (5.8) .4714

Alemtuzumab 0 (0.0) 1 (0.3) 1.0000 0 (0.0) 1 (0.2) 1.0000 0 (0.0) 0 (0.0) N/A
Rituximab 38 (34.2) 76 (21.2) .0053 70 (41.2) 183 (28.5) .0014 3 (7.5) 3 (2.2) .1280
Rituximab-hyaluronidase 0 (0.0) 0 (0.0) N/A 0 (0.0) 0 (0.0) N/A 0 (0.0) 0 (0.0) N/A
Obinutuzumab 1 (0.9) 3 (0.8) 1.0000 2 (1.2) 0 (0.0) .0435 0 (0.0) 0 (0.0) N/A
Ofatumumab 6 (5.4) 1 (0.3) .0009 1 (0.6) 0 (0.0) .2091 0 (0.0) 0 (0.0) N/A

Small molecule targeted
therapies (including
proteasome inhibitors)a

13 (11.7) 15 (4.2) .0035 19 (11.2) 37 (5.8) .0130 21 (52.5) 69 (50.0) .7807

Cancer related hormones 1 (0.9) 1 (0.3) .4177 7 (4.1) 19 (3.0) .4435 1 (2.5) 3 (2.2) 1.0000
Immunotherapy 0 (0.0) 0 (0.0) N/A 1 (0.6) 0 (0.0) .2091 0 (0.0) 0 (0.0) N/A
Radiochemotherapy 0 (0.0) 1 (0.3) 1.0000 3 (1.8) 2 (0.3) .0646 0 (0.0) 0 (0.0) N/A
Radiation 7 (6.3) 14 (3.9) .2863 16 (9.4) 62 (9.6) .9277 2 (5.0) 17 (12.3) .1869

Immunosuppressive drugs, n (%) 10 (9.0) 27 (7.5) .6164 26 (15.3) 91 (14.2) .7061 10 (25.0) 7 (5.1) .0002

CLL: chronic lymphocytic leukemia; IgRT: immunoglobulin replacement therapy; mABs: monoclonal antibodies; MM: multiple myeloma; NHL: non-
Hodgkin lymphoma.
IgRT group consists of IgPro10 and IgPro20 patients.
aA full list of ‘small molecule targeted therapies’ can be found in Supplementary Table 4.

Figure 1. Percentage of patients with bacterial infections dur-
ing the baseline period, in IgRT or non-IgRT users. �All
p<.0001 for IgRT versus non-IgRT users; except for severe BI
(p¼.0011). BI: bacterial infections; IgRT: immunoglobulin
replacement therapy.
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first occurring SBI, the most common anatomic site
was sinopulmonary (51.7% and 48.6% among 60 IgRT
users and 216 non-IgRT users with at least one SBI,
respectively; p¼.675).

In terms of the mean number of observed total
bacterial infections per patient, the difference in
change from baseline to observed values at follow-up
was significantly greater for IgRT users than non-IgRT
users: IgRT users 10.3–6.3, non-IgRT users 5.9–5.1, dif-
ference in change: –4.1 vs. �0.7 (p¼.0001). Similar
observations were made for each cancer subtype (CLL:
IgRT users 9.8–5.8, non-IgRT users 4.6–3.9, difference

in change: �4.0 vs. �0.7; p¼.0140; NHL: IgRT users
10.8–6.5, non-IgRT users 6.5–5.7, difference in change:
�4.3 vs. �0.8; p¼.0014; MM: IgRT users 11.7–5.7, non-
IgRT users 6.0–4.9, difference in change: �6.0 vs. �1.0;
p¼.0307) (Figure 2).

The difference in change from baseline to observed
values at follow-up in the mean number of observed
SBIs was not statistically significant between IgRT
users and non-IgRT users overall (IgRT users 0.5–0.5,
non-IgRT users 0.2–0.5, difference in change 0.0 vs.
0.3; p¼.0704) or within the CLL subtype (IgRT users
0.4–0.5, non-IgRT users 0.2–0.4, difference in change

Figure 2. Mean number of bacterial infections per patient, in the 12-month baseline and follow-up periods (observed and pre-
dicted) for the overall cohort and cancer-specific subtypes. Follow-up period predicted values were estimated using a GLM
approach with a Poisson distribution and log-link transformation. BI: bacterial infections; CLL: chronic lymphocytic leukemia; GLM:
generalized linear regression model; IgRT: immunoglobulin replacement therapy; MM: multiple myeloma; NHL: non-
Hodgkin lymphoma.

Figure 3. Percentage of patients with �1 severe bacterial infection during the baseline and follow-up periods, in IgRT or non-
IgRT users. BI: bacterial infection; CLL: chronic lymphocytic leukemia; IgRT: immunoglobulin replacement therapy; MM: multiple
myeloma; NHL: non-Hodgkin lymphoma.
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0.1 vs. 0.2; p¼.6149]) and within the MM subtype
(IgRT users 0.3–0.5, non-IgRT users 0.2–0.5, difference
in change 0.2 vs. 0.3; p¼.5789) (Figure 4). In the NHL
subtype, by contrast, the difference in change in the
mean number of SBIs was significantly greater in IgRT
users than non-IgRT users (IgRT users 0.7–0.5, non-
IgRT users 0.3–0.5, difference in change �0.2 vs. 0.2
change; p¼.0173) (Figure 4).

Healthcare resource utilization for severe
bacterial infections

Overall, during the follow-up period, SBIs were treated
in the inpatient setting for 86.7% of IgRT users and
85.2% of non-IgRT users. The mean (standard devi-
ation) length of stay for the first severe infection
requiring hospitalization was 7.1 (6.0) and 10.8 (13.1)
days (p¼.0493) among IgRT users and non-IgRT users,
respectively.

Multivariate conditional logistic regression model:
risk of severe bacterial infections

In the follow-up period, the adjusted odds of SBIs
were 31% lower in all IgRT users vs. non-IgRT users
(odds ratio (OR)¼0.69; p¼.0401) (Supplementary Table
1). In the NHL subtype, the odds of having an SBI
were 49% lower in IgRT users than IgRT non-users (OR
¼ 0.51; p¼.0036). In the CLL (OR ¼ 0.93; p¼.8243),
and MM (OR ¼ 0.77; p¼.5438) subtypes, there was no

significant difference between IgRT and non-IgRT users
in the adjusted odds of SBIs in the follow-up period.

In the overall cohort, having �4 baseline-period
bacterial infections (OR ¼ 1.91; p<.0001), more base-
line hospitalizations (OR ¼ 1.13; p¼.0006), or higher
baseline costs (OR ¼ 1.32; p¼.0001) were additionally
associated with a higher risk of SBIs in the follow-up
period. In the CLL subtype, additional risk factors for
SBIs in the follow-up period were baseline use of bio-
logics (i.e. monoclonal antibodies) (OR ¼ 0.47;
p¼.0174) and an emergency room visit during the
baseline period (OR ¼ 1.83; p¼.0294). In the NHL sub-
type, baseline diabetes was also a significant risk fac-
tor (OR ¼ 1.60; p¼.0223). For the MM sub-type,
having �4 baseline-period bacterial infections (OR ¼
3.22; p¼.0018) was the only significant risk factor.

Generalized linear regression models

As noted, multivariate GLM with Poisson distribution
and log-link transformation were used to model pre-
dicted number of infections – any level of severity,
and severe infections – for each of the IgRT and non-
IgRT groups, and for the overall cohort, as well as for
the cancer-specific subtype. Results from the GLMs are
shown in Supplementary Table 2 (all bacterial infec-
tions) and Supplementary Table 3 (SBIs), and associ-
ated predicted values in Figures 2 and 4. As seen,
adjusting for a number of baseline risk factors vari-
ously identified by the models as statistically signifi-
cant (p<.05), the IgRT group was associated with a

Figure 4. Mean number of severe bacterial infections per patient, in the 12-month baseline and follow-up periods (observed and
predicted) for the overall cohort and cancer-specific subtypes. Follow-up period predicted values were estimated using a GLM
approach with a Poisson distribution and log-link transformation. The impact of IgRT on severe BI was statistically significant dur-
ing the follow-up period in the overall cohort and for the NHL and CLL subtypes, but not for the MM subtype, based on evidence
from the corresponding GLM models. BI: bacterial infections; CLL: chronic lymphocytic leukemia; GLM: generalized linear regression
model; IgRT: immunoglobulin replacement therapy; MM: multiple myeloma; NHL: non-Hodgkin lymphoma.
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statistically significant reduction in the number of all
infections in the overall sample, and in the NHL and
MM subtypes. The IgRT group was also associated
with a significant reduction in the number of severe
infections in the overall group, and in the NHL and
CLL subtypes. Figures 2 and 4 confirmed that, after
adjusting for baseline covariates, corresponding pre-
dicted number of all and severe infections for the fol-
low-up period were in the range of observed values.
Moreover, for all infections (Figure 2) predicted values
were substantially lower than baseline observed values
for the IgRT group, and at generally maintained values
for the non-IgRT group.

Discussion

The current study constitutes the largest, comparative,
real-world analysis of SID-related bacterial infections,
and the impact of IgRT on these infections, in US
patients with hematological malignancies. This study
demonstrated that, in patients with SID complicating
CLL, MM, and/or NHL, the use of IgRT (IgPro10/
IgPro20) was associated with significantly greater
reductions in the total number of bacterial infections
after initiation of treatment, compared with the non-
IgRT users in the corresponding period. The reduction
in the total number of these infections in IgRT users
ranged from 51% in MM patients to 40% in CLL
patients and 41% in NHL patients; the level of reduc-
tion in the MM subtype in particular was consistent
with findings from the literature [27]. In terms of SBIs,
IgPro10/IgPro20 use was associated with 31% adjusted
risk reduction overall; among the hematological malig-
nancies, the greatest benefit was observed in the NHL
subtype, vs. non-IgRT users. In fact, the 49% adjusted
risk reduction of SBIs with the IgPro10/IgPro20 group
in the NHL subtype would indicate an overall number
needed to treat (NNT) of two patients (i.e. one patient
would benefit for every two treated). Given that about
90% of SBIs required hospitalization, with length of
stays of 7–11 days and costs over $30,000 per hospi-
talization, it is expected that IgRT would translate also
to some direct cost savings, in addition to reduction
in patient morbidity and potential attributable mortal-
ity. When interpreting our results, it must be noted
that non-IgRT users may have received other interven-
tions (e.g. antibiotics) to manage infections.
Furthermore, IgRT could be adjuvant to other inter-
ventions as well; therefore, these findings reflect IgRT
risk reductions relative to the non-IgRT standard
of care.

Our study highlights that IgRT treatment with
IgPro10/IgPro20 was typically restricted to those with
more severe SID. This finding suggests that IgRT use
patterns in the US are generally consistent with AAAAI
guidelines, as well as a recent consensus statement,
which recommend recurrent and/or SBIs as part of the
pre-requisite for IgRT in CLL and MM patients with SID
[19,20]. Further, our data demonstrated that 90% of
patients in this US study already had infections and/or
prophylactic antibiotic use (i.e. prior to initiation of
IgRT) and is consistent with findings from a recent glo-
bal physician survey [28], suggesting more restrictive
IgRT use in the US compared with at least some coun-
tries in Europe, with the exception of the UK [29].

There was clear evidence of greater infection sever-
ity in the baseline period among those patients who
went on to receive IgRT. Notwithstanding greater
infection severity in the IgRT treated group, a substan-
tial proportion of those who did not receive IgRT still
had a considerable infection history at baseline,
including risk factors identified in our and other stud-
ies: 32% of these patients had a severe infection, 47%
had three or more total bacterial infections, 61% had
a sinopulmonary infection, 36% had neutropenia, and
about one-third received immunosuppressive thera-
pies including monoclonal antibodies, especially so in
the NHL and CLL subtypes, all in the context of high
antibiotic usage (87%). This is of particular concern as
infections are the most common cause of death in
these patients, accounting for between 22 and 50% of
deaths in SID patients with hematological malignan-
cies [8,10–12,30]. Our specific evidence that patients
with four or more infections in the year preceding
IgRT initiation were at significantly higher risk of sub-
sequent severe infections is consistent overall with the
recent consensus definition of recurrent infections as
one of the criteria for IgRT [20]. Additionally, episodes
of infection may delay chemotherapy of the underly-
ing malignancy. Again, with nearly one-fifth of
patients ending up with severe infections, earlier initi-
ation of IgRT and expanded use of IgRT among those
at high risk may be warranted, accounting for comple-
mentary risk factors such as neutropenia. Whether
higher targeted serum IgG levels may provide add-
itional benefit in mitigating risk of infection, as is seen
in patients with HGG due to inborn errors of immunity
[31,32], also remains to be determined, but was not
within the scope of this analysis.

Despite the higher existing risk profile of patients
who received IgRT, our study highlighted that their
treatment with IgRT effectively restored their risk to a
level on par with age- and cancer subtype-matched
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non-IgRT users. This may not only be due to the direct
impact of the IgRT, but also that initiation of IgRT may
have encouraged increased vigilance for infections
from the clinical teams and more infection awareness/
prevention from the patient. In the 12-month follow-
up period, SBIs were reported in �20% of IgRT and
non-IgRT users, with no significant difference between
the groups. When statistically adjusted for the ‘sicker’
condition of the IgRT group, a 31% lower adjusted
odds of severe infections was seen in the follow-up
period vs. non-IgRT users, as noted earlier.

Our data are in line with that from both clinical
studies and recent non-interventional studies of
patients with hematological malignancies and SID,
which show IgRT can reduce the frequency of severe
and recurrent infections [21,27,33–39]. It is more
appropriate to review the reduction data than abso-
lute numbers of infections due to variation in how
infections are defined within the literature. Reiser et al.
[35] reported in a prospective, non-interventional
study of patients with hematological malignancies
(CLL, MM, and NHL) and SID that treatment with IgRT
resulted in a 85.6% reduction in annualized major
infections requiring IV antibiotics and reduction from
82% of patients with infections in the 12 months pre-
IgRT, to 56% of patients in the year of IgRT. A 40%
reduction in annualized major infections requiring IV
antibiotics and 22% reduction in annualized total
infections per patient was reported in another non-
interventional study of CLL, MM, and NHL [36].
Legendre et al. [21] reported a reduction of 26.3% in
annualized mean number of major infections with
IgRT use. Specifically analyzing IgPro10, in a German
non-interventional study of IgPro10 usage in patients
with SID, Plath et al. [37] reported the annualized
infection rate was reduced by 70.4% post-IgPro10 use.
In a prospective randomized cohort of MM patients
treated with IgPro20, there was a 77% reduction in
total infections per year and an 86% reduction rate in
annualized SBIs per year for IgRT-treated patients vs.
controls [27]. The impact has varied between studies,
which may reflect differences in dosing regimens
used, as evidence suggests that IgPro10 benefit may
be dependent on dose, with higher doses providing a
greater reduction in infections compared with lower
doses [40,41]. Altogether, these studies highlight the
benefits of IgRT in mitigating infections in these con-
ditions. The downstream effects of these benefits may
be broad, potentially including improved quality of life
for patients, decreased interruptions of their chemo-
therapy cycles, and potentially reduced healthcare

costs related to infections, although further studies
will be needed to confirm these benefits.

Although IgRT reduced the risk of infections
broadly in this study, there were some subtle differen-
ces across cancer subtypes. Adjusting for baseline risk
factors, IgRT was associated with reduced risk of
severe infections in the overall cohort, and in the NHL
and CLL subtypes, but not in the MM subtype. When
we considered all infections including non-severe
infections, IgRT was again associated with reduced risk
overall and in the NHL subtype, but now additionally
in the MM subtype, and not in the CLL subtype. These
findings may reflect in part previously noted differen-
ces in use of underlying immuno-suppressive agents,
including B-cell depleting monoclonal antibodies,
which occurred to a much greater extent in the CLL
and NHL subtype relative to the MM subtype. The MM
subtype, by contrast, was characterized by a much
greater use of ‘small molecule targeted therapies’ that
included proteasome inhibitors (e.g. bortezomib) con-
sistent with MM guidelines [42], relative to NHL and
CLL subtypes. The fact that IgRT was associated with
significant risk reduction in all infections, but not
severe infections, in MM patients may suggest that
the use of (non-B-cell-depleting) proteasome inhibitors
and other small molecule targeted therapies may
change the infection phenotype from severe to non-
severe infections in MM in particular. Nevertheless, it
should be pointed out that with greater use of the
plasma cell targeted CD-38 monoclonal antibodies
(e.g. daratumumab) [43], although not observed in our
data due to their very recent approvals in MM, there
may potentially be a resurgence of infection risk in
MM over time and related need for IgRT. There were
also subtle differences in use of specific monoclonal
antibodies across NHL and CLL. The former was char-
acterized by greater use of rituximab and the latter by
somewhat greater, albeit low in absolute terms, use of
ofatumumab, a newer generation CD-20 monoclonal
antibody, which is specifically approved for refractory
CLL and which may on account of its better targeting
of CD20 and complement-dependent mode of action
may be more likely to be used as lower dose mono-
therapy, with arguably lower aggregate infection
risk [44].

Further studies focused on quantifying exact levels
of risk factors for infections in patients with hemato-
logical malignancies and SID, based on both disease
phenotype and types of cancer treatments used, can
support evidence-based development of risk factor
algorithms, and assist clinicians in targeting IgRT for
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patients who may be the most vulnerable
to infections.

One key strength of this study is that it constitutes
the largest comparative, real-world analysis of SID-
related infections in patients with hematological
malignancies, with and without IgRT. This study also
provides real-world US evidence on the use of IgRT,
specifically IgPro10 or IgPro20, highlighting that IgRT
appears to be used clinically for more severe SID
patients. A limitation of this study is that data are
based on a claims database for insured patients within
the US healthcare system and may not necessarily be
representative of global data. The need for 12-months
pre- and post-IgRT treatment data may also have
excluded some patients with shorter survival.
Furthermore, in this study based on an administrative
claims database, we were unable to observe disease
progression as a potential risk factor for infections.

Conclusions

This real-world study of patients with select hemato-
logical malignancies demonstrated that use of IgRT
(IgPro10 or IgPro20) in the US is characterized by a
high level of clinically important infection burden in
terms of underlying severity of infections and there-
fore suspicion of SID, and though generally consistent
with guidelines, was characterized by a generally
reactive approach deferring initiation of IgRT until
after occurrence of severe infections in the context of
potential prior opportunities to risk-stratify patients
with a more proactive approach. Treatment with
IgPro10 or IgPro20 was associated with a reduction in
the adjusted risk of SBIs to levels similar to those
whose medical providers did not think met their clin-
ical threshold to receive IgRT. It is hoped that these
findings will guide IgRT utilization in at-risk patients
based on some of the specific risk factors identified in
this study, leading to potential subsequent reduction
of severe or recurrent bacterial infection risk.
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