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ORIGINAL ARTICLE

Risk factors for severe infections in secondary immunodeficiency: a
retrospective US administrative claims study in patients with hematological
malignancies

Stephen Jollesa , B. Douglas Smithb, Donald C. Vinhc, Rajiv Mallickd, Gabriela Espinozad,
Mitchell DeKovene and Victoria Divinoe

aUniversity Hospital of Wales, Cardiff, UK; bJohns Hopkins University School of Medicine, Baltimore, MD, USA; cMcGill University
Health Centre, Montreal, Canada; dCSL Behring, King of Prussia, PA, USA; eIQVIA, VA, USA

ABSTRACT
Real-world data are lacking to identify patients with secondary immunodeficiency (SID) who
may benefit most from anti-infective interventions. This retrospective analysis used the IQVIA
PharMetricsVR Plus database to assess baseline characteristics associated with risk of severe infec-
tions post-SID diagnosis in patients with hematological malignancies. In 4066 patients included,
the mean number of any and severe infections per patient in the one-year pre-SID diagnosis
period was 9.5 and 0.7, respectively. Post-SID diagnosis, the mean annualized number of any
and severe infections was 19.1 and 1.5, respectively. Receiver operating characteristic curve ana-
lysis identified a threshold (cutoff) of three bacterial infections at baseline as optimally predictive
of severe infections post-SID diagnosis. Multivariate analysis indicated that hospitalizations, infec-
tions (�3), or antibiotic use pre-SID diagnosis were predictive of severe infections post-SID diag-
nosis. Evaluation of these risk factors could inform clinical decisions regarding which patients
may benefit from prophylactic anti-infective treatment, including immunoglobulin replacement
if warranted.
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Introduction

Secondary immunodeficiency (SID) refers to the
immune system being compromised by nonhereditary
(acquired) factors including certain hematological
malignancies such as chronic lymphocytic leukemia
(CLL), multiple myeloma (MM) and non-Hodgkin
lymphoma (NHL), B-cell depleting therapies, radiation,
protein-losing conditions, trauma, malnutrition and
age [1,2]. While the presentation of SID is heteroge-
neous, SID is often diagnosed by the occurrence of
recurrent, prolonged, unusual or severe infections; low
immunoglobulin G (IgG) levels (hypogammaglobuline-
mia) and poor vaccine response [1,2].

CLL affects 1.34 (95% confidence interval [CI]:
1.21–1.54) people per 100,000 globally, MM 2.01 (95%
CI: 1.77–2.23) per 100,000 and NHL 5.91 (95% CI:
5.39–6.45) per 100,000 [3]. Hypogammaglobulinemia is
a predictor of shorter overall survival in CLL [4], and
infections are the leading cause of death in patients

with CLL, MM and NHL who develop SID, highlighting
the serious consequences of SID [5,6]. Infections
related to SID may account for up to 50% of deaths of
patients with CLL [7], and up to 22% and 33% of
deaths of patients with MM and NHL, respectively
[6,8]. Additionally, infections in the 12months follow-
ing diagnosis of CLL have been linked to shorter over-
all survival [9]. Risk factors for developing infections in
patients with CLL include: older age, male sex, low IgA
levels, high B-2-microglobulin levels, Binet stage B or
C, multiple prior chemotherapeutic treatments, poor
response for underlying disease, multiple relapses, and
type of anti-neoplastic treatment (e.g. purine analogs,
alkylating agents, monoclonal antibodies, chemother-
apy, and immune-suppressive drugs, including cumu-
lative steroid use) [2,10–12]. In patients with MM, the
risk of infection is reported to be highest in the
3–4months following diagnosis [13]. Infection risk fac-
tors for patients with MM include: age, prior infections,
immunodeficiency related to B-cell dysfunction, type
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and intensity of treatment, hypogammaglobulinemia
and poor response to vaccines [8,13]. In patients with
NHL, risk factors for developing infections include:
treatment with combination chemotherapy or with rit-
uximab, and hypogammaglobulinemia [6,14].

Existing guidelines and treatment algorithms have
partly been driven by knowledge of identified risk fac-
tors for severe infections [15–17], yet there is wide
variation in global practice [18–21]. Arguably, quantifi-
cation of known risk factors such as the relationship
between the number of prior infections and height-
ened risk of subsequent severe infections, could guide
more targeted translation of evidence to practice,
including need for interventions [19,22].

This real-world analysis aimed to: (1) characterize
patients with hematological malignancies with diag-
nosed SID, in terms of known risk factors and down-
stream outcomes, primarily severe infections; (2)
identify independent predictors of the risk of severe
infections; and (3) to quantify risk of severe infections
post-SID diagnosis at varying levels of infections pre-
SID diagnosis, to identify patients that would most
benefit from treatment to prevent infections.

Methods

A retrospective database analysis was conducted
among patients in the US from the IQVIA
PharMetricsVR Plus Database with data from January
2011 to September 2018 (Figure S1). The aggregated
IQVIA PharMetricsVR Plus claims database comprises
adjudicated claims for more than 150 million unique
patients across the United States. The data are
sourced directly from health insurance companies and
the population is comprised of commercially managed
enrollees. Standard fields include: inpatient and out-
patient diagnosis codes, procedures, retail and mail
order prescription records, administered drugs,
inpatient stays, and associated costs, demographic var-
iables and start and stop dates of health-plan enroll-
ment. Due to the broad reach of the data, records in
the PharMetrics Plus database are representative of
the national, commercially insured population in terms
of age and gender. All data are HIPAA compliant to
protect patient privacy.

Adult patients with an incident (new) SID diagnosis
were identified using the following inclusion criteria: a
diagnosis for SID (ICD-9-CM 279.0x immunodeficiency
with predominantly antibody defects [excluding
279.04 which indicates congenital hypogammaglobuli-
nemia, i.e., not secondary immunodeficiency by defin-
ition], 279.3 unspecified immunity deficiency and

corresponding ICD-10-CM codes: D80.x [excluding
D80.0], D84.9); �12months continuous health plan
enrollment (CE) pre-SID diagnosis (baseline); minimum
of 3months CE post-SID diagnosis (variable follow-up);
CLL, MM or NHL diagnosis in the 12months pre-SID
diagnosis; and all of the above in the absence of any
immunoglobulin replacement therapy (IgRT) in the
12months immediately preceding the incident SID
diagnosis. Patients were followed for a minimum of
3 months (variable follow-up), which ended at the end
of CE, the end of study (September 30, 2018) or the
day before use of any Ig therapy. The end of CE could
have been due to death, which was not directly
observable in this dataset if it occurred outside the
healthcare setting. Any infection was counted at the
unique diagnosis-date level, using infection diagnosis
code level in any position (outpatient or inpatient),
and adjusting for identical diagnosis codes on the
same day; the full list of diagnosis codes used for
infections can be found in Table S1. Severe infections
were defined by either intravenous (IV) antibiotics or
IV antivirals in an outpatient setting, or hospitalization
with any infection diagnosis codes. Diagnosis codes
for a bacterial, viral, fungal, parasitic, other or unspeci-
fied causal pathogen infection were considered.

Pre-SID diagnosis

Demographic and clinical characteristics were assessed
over the 12-month baseline period (pre-SID diagnosis).
The patient population was characterized at baseline in
terms of age, sex, underlying malignancy, cancer treat-
ment, comorbidities, frequency of severe infections and
any infections by type of infection and anatomic site,
prior antibiotic or antiviral use (separately by IV or oral),
testing serum Ig levels, and hospitalizations (overall and
for infections). Comorbid conditions were characterized
in terms of their association with baseline (pre-SID diag-
nosis) infections (<3 versus �3 infections).

Post-SID diagnosis

The following outcomes were assessed during the
post-SID diagnosis follow-up period: (1) use of antibi-
otics/antivirals, (2) frequency of any infection, (3)
occurrence and number of severe infections and (4)
where specified, characterization of pathogen type
and anatomical location of infection. Outcomes over
the post-SID diagnosis period were annualized
where applicable.
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Descriptive analyses

Descriptive statistics were generated for all relevant
study measures: frequency distributions, univariate
and cross-tabulations for categorical variables and
mean and standard deviation (SD) for continuous vari-
ables. Analyses were conducted using SASVR Release
9.3 (SAS Institute Inc., Cary, NC, USA).

Multivariate analyses: Cox proportional hazard
model (PHM)

A multivariate Cox PHM was developed to evaluate
patient characteristics associated with risk of severe
infection. Results were presented in terms of adjusted
hazard ratios and 95% CI. A stepwise model-building
approach was utilized (p< 0.10 for inclusion and
retention) with the following variables forced: (1) pre-
SID diagnosis underlying condition (mutually exclu-
sive), (2) pre-SID diagnosis use of B-cell targeting
therapies, (3) pre-SID diagnosis number of ‘any infec-
tion’, (4) use of any antibiotic over the variable follow-
up period, and (5) use of any antiviral over the vari-
able follow-up period. Variables 4 and 5 were assessed
until first severe infection or end of variable follow-up.
Collinearity among the variables of interest was eval-
uated during model development.

Predictive analytics

Receiver operating characteristics (ROC) analysis:
number of pre-diagnosis infections
To identify the specific threshold for the number of
pre-SID diagnosis infections that would offer the best
tradeoff between sensitivity and specificity in predicting
risk of a severe post-SID diagnosis infection, a time-

dependent ROC analysis was conducted. This analysis
incorporated all distinct event times and selection of
the ROC curve with the largest area under the curve of
all the distinct event times as a whole [23,24]. This
identified threshold was used as a categorical variable
in the Cox PHM on risk of severe infection.

Sensitivity to false-positive risk ratio analysis: base-
line comorbidities and anatomic sites
We also evaluated the predictive value of baseline
comorbid conditions in terms of sensitivity versus false
positive rate ratios for identifying risk of �4 severe
infections post-SID diagnosis [25]. We compared the
proportion of patients with specific baseline comorbid
conditions among those with �4 severe infections (sen-
sitivity) versus those with <4 severe infections (false-
positive rate) in the post-SID diagnosis period. The
comorbidities were ranked by discrimination in terms
of the ratio of sensitivity to false-positive risk (also
known as the positive likelihood ratio) in identifying
those at risk of �4 severe infections in the post-SID
diagnosis period; higher ratios indicate better discrimi-
nating ability of that comorbidity in this case [26–28].

Results

Of 155,255 patients with a SID diagnosis identified,
4066 patients met the inclusion criteria. The mean age
of the cohort was 56.9 years and 56.0% (n¼ 2276)
were male (Table S2). Among patients, 17.1%
(n¼ 695), 25.0% (n¼ 1017), and 44.8% (n¼ 1823) were
diagnosed with CLL, MM or NHL alone, respectively;
13.0% (n¼ 531) had >1 of these malignancies (e.g.
concomitant CLL and NHL diagnoses). In total, 3074
(75.6%) patients were undergoing cancer treatment, of

Figure 1. Number of infections (any and severe) in the 12-month pre-SID diagnosis period (mean) and the post-SID period (mean
annualized). SD: standard deviation; SID: secondary immunodeficiency.

RISK FACTORS FOR SEVERE INFECTIONS 3

https://doi.org/10.1080/10428194.2021.1992761


whom, 800 (19.7%) were receiving B-cell targeting
therapies. In total, 3536 (87.0%) patients received anti-
biotics of any type (oral antibiotics: 3487 [85.8%]; IV
antibiotics: 1101 [27.1%]). In addition, 1875 (46.1%)
patients received oral antivirals and one patient
(0.02%) received IV antivirals. Overall, 2365 (58.2%)
patients had previously been hospitalized.

Post-SID diagnosis, patients were followed for a
mean (SD) of 20.2 (17.38) months (615.1 [528.5] days).
Antibiotics or antivirals were administered to 87.6%
(n¼ 3560) and 54.8% (n¼ 2227) of patients, respect-
ively, during this follow-up period.

Occurrence of infections

Pre-SID diagnosis
The annualized mean (SD) number of ‘any infection’ in
the 12-month pre-SID diagnosis period was 9.5 (18.6)
(Figure 1); 79.5% (n¼ 3231) of patients experienced �1

‘any infection’ during this period (Figure 2(A)). In total,
56.3% (n¼ 2290) of patients experienced �3 infections
in this pre-SID diagnosis period, approximately a third
(31.2%) experienced �8 infections, and 25.9% experi-
enced �10 infections (Figure 2(A)). The annualized mean
(SD) number of ‘any infection’ by malignancy subtype
was 6.4 (12.9) for CLL, 7.9 (15.4) for MM and 11.4 (22.3)
for NHL (Table S3). The most common anatomic sites of
‘any infection’ were the upper respiratory tract (40.4%;
n¼ 1641) and lower respiratory tract (38.2%; n¼ 1553).

The annualized mean (SD) number of severe infec-
tions in the 12-month pre-SID diagnosis period was
0.7 (2.1) (Figure 1); 30.4% (n¼ 1236) of patients expe-
rienced severe infections during this period, with
over 5.0% (7.2%) experiencing �3 severe infections
(Figure 2(B)). The annualized mean (SD) number of
severe infections by malignancy subtype was 0.4 (1.2)
for CLL, 0.8 (2.9) for MM and 0.9 (2.1) for NHL
(Table S3).

Figure 2. Percentage of patients who experienced a given number of any infections (A) or severe infections (B) in the 12-month
pre-SID diagnosis period (absolute numbers) and post-SID periods (annualized numbers). �Absolute numbers of infections in the
pre-SID period; annualized number of infections in the post-SID period (hence, a patient can have an annualized number of infec-
tions >0 and <1 infection during this period). SID: secondary immunodeficiency.
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Comparing patients with <3 versus �3 infections in
the pre-SID diagnosis period, bronchitis, sinusitis,
COPD and renal failure/dialysis were the most com-
mon comorbid conditions across both groups, yet sig-
nificantly more prevalent among the latter group. In
contrast, HIV and hepatitis, although less common
overall, were most discriminating between those with
�3 versus <3 infections (Figure S2).

Post-SID diagnosis
The annualized mean (SD) number of ‘any infection’ in
the post-SID diagnosis period was 19.1 (40.5) (Figure
1). The annualized mean (SD) number of ‘any infec-
tion’ by malignancy subtype was 13.1 (28.7) for CLL,
16.1 (34.9) for MM and 22.2 (45.4) for NHL (Table S3).
The annualized mean (SD) number of severe infections
in the post-SID diagnosis period was 1.5 (3.9) (Figure
1). The annualized mean (SD) number of severe infec-
tion by malignancy subtype was 0.9 (2.6) for CLL, 1.7
(4.5) for MM and 1.6 (4.1) for NHL (Table S3). In total,
46.4% (n¼ 1888) of patients experienced 10,208
severe infections in the post-SID diagnosis period,
with 15.4% of patients experiencing �3 severe infec-
tions over the variable follow-up period (Figure 2(B)).

Of 10,208 severe infections, 34.0% (n¼ 3468) were
bacterial, 11.6% (n¼ 1183) were viral and 6.3%
(n¼ 641) were fungal; 48.2% (n¼ 4916) had no causal
pathogen specified. Where specified, the anatomic
sites of severe infections were bacteremia/septicemia
27.5% (n¼ 2808), lower respiratory 26.2% (n¼ 2679),
skin/subcutaneous tissue 7.6% (n¼ 772), gastrointes-
tinal (GI) 4.8% (n¼ 485), urinary tract infection (UTI)
4.8% (n¼ 485) and upper respiratory 3.9% (n¼ 396)
(Figure S3).

When comparing anatomic sites of severe
(n¼ 10,208) versus non-severe (n¼ 38,862) infections,
a similar proportion were observed in the lower air-
ways (26.2% and 24.5%, respectively), while there

were more non-severe upper respiratory infections
(17.6%) than severe (3.9%). As expected, bacteremia/
septicemia was generally considered severe, account-
ing for only 7.5% of non-severe infections, versus
27.5% of severe infections (Figure S4).

Predictive analytics: risk of severe infections post-
SID diagnosis

ROC analysis: number of prior infections
A ROC curve analysis was performed to optimize sensi-
tivity versus false-positive rate, in identifying those at
risk of severe infections post-SID diagnosis in terms of
number of all infections pre-SID diagnosis (Figure 3).
The ROC identified a cutoff point of three infections
(any severity) pre-SID diagnosis as a potential optimal
trigger for treatment. In the multivariate Cox PHM
analysis, significant (p< 0.0001) predictors for risk of
severe infections post-SID diagnosis were a prior his-
tory (�3) of infections (any infection), prior hospitaliza-
tions or antibiotic use prior to SID-diagnosis (Table 1).

Sensitivity versus false-positive rates in identifying
risk of severe infections
We also evaluated sensitivity versus false-positive rates
in identifying risk of severe infections post-SID diagno-
sis by baseline comorbidity. We compared the top 10
baseline comorbid conditions with a significant
(p< 0.0001) difference between those with <4 versus
�4 severe infections post-SID diagnosis and sorted
these in terms of their predictive value: relative sensi-
tivity versus false-positive rate in identifying risk of
post-SID diagnosis severe infections (Figure S5). HIV,
paralysis and epilepsy/seizure disorder were the
comorbidities with the greatest predictive positive
likelihood ratios (sensitivities divided by false-positive
rates), although the absolute frequencies of these
comorbidities were quite low. By contrast, Figure S5

Figure 3. A ROC curve for infections pre-SID diagnosis as a predictor of risk of severe infections post-SID diagnosis. ROC: receiver
operating characteristic; SID: secondary immunodeficiency.
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indicates that renal failure/dialysis and congestive
heart failure were each characterized by both high
absolute baseline prevalence and a relatively high
positive likelihood ratio. There was also a high base-
line prevalence of neutropenia, combined with a rela-
tively high sensitivity (48.1% versus 29.0% of patients
with neutropenia had �4 versus <4 post-SID diagno-
sis infections, respectively; risk ratio: 1.66; p< 0.0001).

Discussion

To our knowledge, this is the largest real-world study
in patients with hematological malignancies and SID.
In keeping with the literature, we found that infections
are extremely common in patients with hematological
malignancies, both before and after SID diagnosis, in
the absence of/prior to any IgRT, and even with stand-
ard-of-care antibiotic use. We identified patients at
greatest risk of severe infections and, by implication,
likely to benefit most from interventions such as IgRT.

In the literature, several risk factors for serious
infections in hematological malignancies have been
identified: age [8,11], multiple prior chemotherapeutic
treatments, B-cell depleting therapies, such as anti-
CD20 monoclonal antibodies (e.g. rituximab [14,19,29])
and CD-19 chimeric antigen receptor T-cell (CAR T)
therapy [30], other anti-neoplastic agents (i.e. purine
analogs, alkylating agents, idelalisib [10,31]), poor can-
cer treatment response, multiple relapses and steroids
[2]. Partly reflecting this evidence, global prerequisite
guidelines for treatment with IgRT include hypogam-
maglobulinemia, recurrent infections, severe infections,

progressive disease and/or failure of antibiotic or
pneumococcal polysaccharide and polypeptide anti-
gen immunization [7,15,17,32–34].

However, there is wide variation in global practice
[18–20], potentially due to variation in regional guide-
lines [15–17], divergence from the relevant guidelines
[18–21] or lack of clarity around definitions of what
constitutes recurrent infections and response to
prophylactic antibiotics [15,17,22,34–36]. While most
regional and national practice guidelines include
quantification of Ig levels (< 4 g/L or < 5 g/L) as evi-
dence of hypogammaglobulinemia [15–17,35,37], until
recently, there has been no consensus on what num-
ber of prior infections define recurrent infections to
consider IgRT initiation [15–17,36]. A European Expert
Consensus aimed to unify clinical practice, producing
six statements to clarify the criteria for initiating IgRT
[38]. They suggest IgRT should be considered if: IgG
levels <4 g/L, and the patient has received appropriate
anti-infective therapy, has a single severe infection or
recurrent or persistent infections and if test immuniza-
tion has failed. IgRT could still be considered for
patients with mild hypogammaglobulinemia (4–6 g/L
IgG) or at least a twofold rise in specific antibody lev-
els after test immunization.

Currently, some countries, notably France and
Germany, go beyond regional guidelines by initiating
IgRT in over half of patients in the absence of infec-
tions and/or antibiotic use [18–20], while in others,
such as the United Kingdom, almost 90% of patients
have evidence of antibiotic use prior to IgRT initiation
[37]. In the United States, there has been vigorous

Table 1. Multivariate Cox proportional hazards model evaluating characteristics associated with risk of severe
infections post-SID diagnosis.

Variable Hazard Ratio

95% Confidence Limits

p valueLower Limit Upper Limit

Underlying condition (ref: CLL)
MM 1.042 0.891 1.219 0.608
NHL 0.972 0.839 1.125 0.700
>1 of the conditions 0.981 0.823 1.169 0.828

�3 pre-SID diagnosis infections (vs< 3) 1.354 1.221 1.501 <0.0001
Post-SID diagnosis antibiotic use (yes vs no)a 2.645 2.326 3.008 <0.0001
Post-SID diagnosis antiviral use (yes vs no)a 0.913 0.792 1.053 0.213
Number of pre-SID diagnosis hospitalizations (ref:0)
1 3.118 2.714 3.582 <0.0001
21 3.968 3.478 4.526 <0.0001

Baseline comorbiditiesb (yes vs no)
COPD 1.177 1.039 1.332 0.010
Hypertension 1.110 1.011 1.219 0.029
Smoking 1.140 1.028 1.265 0.013

Baseline cancer treatment (yes vs no)
Rituximab 1.148 1.019 1.293 0.024

aAssessed from diagnosis date until first occurring: severe infections or end of available follow-up.
bIt was identified that baseline comorbidities of interest corresponded to diagnosis codes ICD-9-CM and/or ICD-10-CM; baseline
comorbidities were then identified based on the presence of these diagnosis codes on medical claims during the 12-month base-
line period.
CLL: chronic lymphocytic leukemia; COPD: chronic obstructive pulmonary disease; MM: multiple myeloma; NHL: non-Hodgkin
lymphoma; SID: secondary immunodeficiency.
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discussion regarding the advantages and disadvan-
tages of antibiotic use and resistance [39,40]. The evi-
dence in this current study of US practice suggests
that almost 90% of patients with hematological can-
cers included received antibiotics; 80% had at least
one infection, and over a quarter received IV antibiot-
ics prior to diagnosis of SID or any evidence of IgRT
utilization. The European Expert Consensus on treating
patients with hematological malignancies and SID
offers somewhat improved clarity and guidance on
when to use IgRT [38]. However, with reported dis-
crepancies in regional and national guidelines, and
divergence from national guidelines, it has been sug-
gested that future studies should identify specific cri-
teria regarding when IgRT should be utilized [41].

Our study is the first to utilize predictive analytics
to identify a specific threshold for the number of prior
infections that increases the risk of infection-related
hospitalization and/or use of IV antibiotics (the defin-
ition of severe infection used). A history (�3) of infec-
tions within the 12-month pre-diagnosis timeframe
was identified as a threshold for considering IgRT, bal-
ancing the sensitivity to downstream risk of severe
infections with misdiagnosis of SID and associated
time and resource costs. Furthermore, by comparing
baseline comorbid conditions, we found that HIV, par-
alysis, and epilepsy (possibly related to drug-induced
SID) [42,43], though rare, were the most predictive in
terms of discriminating risk of �4 severe infections in
the follow-up period. Other comorbid conditions,
including renal failure/dialysis and congestive heart
failure, were more prevalent but slightly less discrimi-
nating. In addition, prior hospitalizations, antibiotic
use, COPD, hypertension, and smoking history were
also identified as significant risk factors. Finally, regard-
ing CD-20 or CD-52 targeted monoclonal antibody-
related risk, our study found that rituximab in particu-
lar was associated with an elevated risk of SID-related
infections. These data suggest that patients suscep-
tible to SID with these comorbidities or receiving
these treatments should be carefully monitored, and
their care optimized, in light of their higher risk of
SID-related severe infections. We believe our findings
constitute actionable insights into which patients
would probably benefit most from consideration of
early IgRT, especially once a diagnosis of SID has been
made, and we hope this will inform future guidelines
as well as practice.

The number of infections reported prior to any IgRT
in this US study are similar to some contemporary
studies; for example, Spadaro et al. found in the year
before IgRT, patients in Italy with NHL/CLL and

hypogammaglobulinemia experienced a mean number
of infectious events equal to 11.1 ± 3.0 [45]. In con-
trast, Benbrahim et al, reported IgRT use in France in
patients with as few as 2.2 infections on average [45],
and Reiser et al reported similar findings in Germany
[20], indicative of wide variations in global IgRT use
[35]. Similar to Spadaro et al, the most frequent infec-
tions were in the upper respiratory tract (49.4% of all
infections, n¼ 77), lower respiratory tract (41.7%,
n¼ 65) or gastrointestinal tract (9.0%, n¼ 14) [44].

A considerable number of patients in our study
experienced �3 infections (56.3%), with approximately
one-third having >8 and approximately one quarter
having >10 infections or �1 severe infection (35.2%)
in the 12months prior to SID diagnosis. This suggests
an inordinate delay in terms of cumulative burden of
infections, including serious infections, and could be
mitigated by evidence-based consideration of risk fac-
tors, including those highlighted in this study, and
associated optimization of therapeutic options.

In our study, a substantial number of infections
were still seen in patients following SID diagnosis, yet
preceding IgRT, suggesting improvements could be
made to treatment strategies for patients diagnosed
with hematological malignancies and SID (87.6% of
patients were administered antibiotics, while 81.0% of
patients still experienced non-severe infections and
46.4% of patients experienced severe infections). This
highlights the need for individualized assessment to
better identify patients at particular risk of infections
based on their medical history, as soon as a diagnosis
of SID occurs, if not earlier, and consideration of IgRT,
instead of or combined with antibiotics. In terms of
the type of infections experienced, bacteremia/septi-
cemia was the most common severe infection, fol-
lowed by severe lower respiratory tract infections. The
prevalence of bacteremia/septicemia in the major
infection category is not necessarily surprising as
standard of care is to treat promptly with IV antibiotics
to prevent sepsis, therefore fitting the severe infection
definition used in this study. However, we considered
the high frequency of severe lower respiratory tract
infections to be unusual and this may suggest that
patients with SID may experience infections with more
complications/greater severity than experienced by
otherwise healthy individuals.

One limitation of this study was that the infection
rates were based on administrative claims reported in
a US healthcare system commercially insured database
and may not necessarily be representative of experi-
ence in other countries, for example, those with more
liberal use of IgRT [20,45]. An inherent limitation of
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the study is the use of ICD-9/10 codes to classify infec-
tion in both cancer and noncancer populations. Due
to the variable performance of this method of classifi-
cation, not all true cases of infection (as defined using
clinical/surveillance case definitions) are reflected in
the administrative coding data. Another limitation was
that Ig levels were not available for all patients, and
unobserved Ig levels may introduce unmeasured con-
founding in terms of impact of severity of underlying
baseline SID on subsequent events including mortality.
This unobserved level of severity may also have a
cumulative, lagged effect; however, any time varying
effect of continuing SID severity on downstream out-
comes was not captured, since our study was
designed to characterize risk factors at the point of
incident SID diagnosis and implications for post-SID
practice. The need to establish an incident SID diagno-
sis based on a clean 12-month look-back period and a
minimum of 3months post-SID diagnosis data may
also have excluded some patients with shorter survival
immediately prior to or after SID diagnosis. An add-
itional limitation was that during the 12-month pre-
SID diagnosis period, the line of therapy or duration
of cancer treatments and immunosuppressive drugs
was not specifically assessed (given the limited base-
line period). Finally, the rate of severe fungal infec-
tions may have been underestimated and antifungal
use was not measured.

One key strength of this study is that it is the larg-
est study in hematological cancer with SID as we iden-
tified 155,255 patients assessed with a diagnosis of
SID, of whom 4066 patients met the inclusion criteria.
Furthermore, as infection data were collected over a
mean two-year period and the study evaluated
patients beginning in the year prior to diagnosis with
SID, the results are representative of those in real-
world patients at risk of infection prior to Ig therapy.

Conclusion

In this large, real-world study of patients with hemato-
logical malignancies and newly diagnosed SID, infec-
tions were extremely common and importantly, a
prior history of �3 infections was identified as a spe-
cific threshold for risk of subsequent severe infections.
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