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Acquired hypogammaglobulinemia is common in chronic lymphocytic leukemia (CLL), non-

Hodgkin lymphoma (NHL), and multiple myeloma (MM). No previous systematic reviews

(SRs) have compared different approaches to infection prevention. We sought to assess the

efficacy and safety of prophylactic immunoglobulin, antibiotics, and vaccination in these

patients. We performed an SR and meta-analysis of randomized controlled trials (RCTs)

evaluating the efficacy and safety of prophylactic immunoglobulin, antibiotics, and

vaccination in adult patients with hematological malignancies commonly associated with

acquired hypogammaglobulinemia, specifically, CLL, NHL, and MM. We searched PubMed

(MEDLINE), EMBASE, and Cochrane Registry up to 9 January 2021. Results for dichotomous

data were expressed as relative risk (RR) with 95% confidence interval (CI) and pooled in a

random-effects model. This review was registered with PROSPERO CRD42017070825. From

10 576 studies screened, there were 21 completed RCTs and 1 ongoing. Of these, 8 evaluated

prophylactic immunoglobulin (n = 370; 7 published before 2000), 5 evaluated prophylactic

antibiotics (n = 1587), 7 evaluated vaccination (n = 3996), and 1 compared immunoglobulin to

antibiotics (n = 60). Prophylactic immunoglobulin reduced the risk of clinically documented

infection (CDI) by 28% (n = 2 trials; RR, 0.72; 95% CI, 0.54-0.96), and vaccination reduced the

risk by 63% (RR, 0.37; 95% CI, 0.30-0.45). Prophylactic antibiotics did not reduce the risk. No

intervention reduced all-cause mortality. Prophylactic immunoglobulin and antibiotics

increased the risk of adverse events. Findings should be interpreted with caution, given the

high risk of bias in many studies. There is a clear need for high-quality contemporary trials to

establish the effectiveness of different approaches to preventing infection.

Introduction

Acquired hypogammaglobulinemia is common in people with B-cell malignancies, such as chronic
lymphocytic leukemia (CLL), non-Hodgkin lymphoma (NHL), and multiple myeloma (MM). These con-
ditions are associated with a multifactorial immune deficiency attributable to the underlying disease, its
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treatment, or both. Strategies to reduce infections are important for
quality of life and mortality and are rated highly by patient and
public involvement groups and in research prioritization exercises.1

There is a need to understand how to prevent infection, given
increasing concerns about emerging antimicrobial resistance and
pandemics. Interventions commonly used to prevent infection
include prophylactic immunoglobulin, antibiotics, and vaccination,
but the relative effects of these approaches is unclear, and
assessment is difficult, given the considerable variation in clinical
practice.2

The most recent systematic review (SR) evaluating immunoglobulin
prophylaxis in hematological malignancies identified 9 randomized
controlled trials (RCTs) performed in the 1980s and 1990s. They
demonstrated a significant reduction in the number of major
infections, antibiotic use, and hospitalization, with no difference in
all-cause mortality.3

Oral antibiotics are also used, but there are increasing concerns
about evolving resistance with inappropriate or excessive use. A
previous SR evaluating antibiotic prophylaxis in patients with
neutropenia showed reduced all-cause mortality and fewer
microbiologically documented infections (MDIs), and clinically
documented infections (CDIs),4 but most studies were from the
1980s and 1990s and evaluated participants with acute leukemia.
This review predates current therapeutic and supportive care
strategies, and there have been shifts in pathogen prevalence and
antibiotic susceptibilities over time.5 In patients with MM, a more
recent SR found that short-term antibiotic prophylaxis reduced
infections within 3 months of commencement, with borderline
statistical significance.6 There was no reduction in all-cause
mortality.

A 2011 SR on vaccination in hematological malignancies found
that varicella zoster virus (VZV) vaccination did not significantly
reduce herpes zoster infections, but influenza vaccination signifi-
cantly reduced lower respiratory tract infections.7

Targeted therapies that deplete B lymphocytes or plasma cells,
including anti-CD20 and anti-CD38 antibodies, Bruton tyrosine
kinase inhibitors, BCL2 inhibitors, and chimeric antigen receptor
T cells have improved disease-specific survival, but also
contribute to hypogammaglobulinemia.8 Therefore, prevalence of
hypogammaglobulinemia is expected to increase. In addition, the
demand for and cost of immunoglobulin are considerable and
continue to increase.9 Given the challenges for blood services to
meet this demand and the concerns regarding antimicrobial
resistance, urgent attention is needed to address the utility of
prophylactic immunoglobulin and alternatives. Although some
international guidelines recommend a trial of antibiotics before
immunoglobulin, no previous SRs have compared the efficacy of
different approaches.10 Our objectives were to assess the effect
of prophylactic immunoglobulin, antibiotics, and vaccination on
infection, mortality, and safety in patients with CLL, NHL, and
MM.

Methods

Search strategy and selection criteria

We performed an SR and meta-analysis according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
10 JANUARY 2023 • VOLUME 7, NUMBER 1
Analyses) guidelines. The protocol was registered at PROS-
PERO CRD42017070825.11

We searched the following databases on 9 January 2021 to
identify RCTs published in English with no restriction on study
years: PubMed (MEDLINE), EMBASE, and Cochrane Registry of
Controlled Trials. The search strategy is shown in supplemental
Table 1. Other study designs (eg, observational and case reports)
were excluded. We used methods recommended by the Cochrane
Handbook for Systematic Reviews of Interventions.12

We included adult patients (≥18 years of age) with hematological
malignancies commonly associated with secondary hypogamma-
globulinemia: CLL, NHL, and MM. We excluded patients who had
undergone allogeneic stem cell transplantation.

We included prophylactic IV immunoglobulin (IVIg) or subcu-
taneous immunoglobulin (SCIg), prophylactic antibiotics including
but not limited to the following, used alone or in combination:
quinolones (eg, ciprofloxacin, ofloxacin, and norfloxacin), Gram-
positive prophylaxis (penicillin and roxithromycin), trimethoprim-
sulfamethoxazole and doxycycline, and vaccination.

The primary outcomes were all-cause mortality and patients with
CDIs (symptoms or signs of infection requiring oral/intravenous
treatment). Secondary outcomes were patients with MDI, infection-
related mortality, number of CDIs and MDIs, patients with ≥1
serious infection, patients ≥3 infections, patients with ≥3 serious
infections, number of hospitalizations for infection, intensive care
admissions for infection, adverse events, and adverse events
leading to discontinuation of treatment.

Data analysis

Two authors (from A.K., J.W., K.L.C., P.C., R.W., and Z.K.M.)
independently screened all abstracts and full-text articles. A third
author resolved any discrepancies. Two authors (from J.W., K.L.C.,
R.W., and Z.K.M.) independently assessed all included studies for
risk of bias (ROB) using the criteria described in the Cochrane
Handbook for Systematic Reviews of Interventions.12 Discrepancies
were resolved by discussion or adjudication by a third reviewer.
Assessment criteria included study design, conduct, and analysis
(including random sequence generation, allocation concealment,
blinding of participants, physician, and outcome assessors, number
lost to follow-up, and whether all outcomes were reported) on a
3-point scale: (−) low, (?) unclear, or (+) high ROB.

Two authors (from J.W., K.L.C., and Z.K.M) independently per-
formed data extraction using a standardized form. Discrepancies
were resolved through discussion or adjudication by a third
reviewer. Where necessary, corresponding authors were con-
tacted for clarification.

Data extracted included author, citation, study objective, number of
sites, clinical setting, population, study design, dates of recruitment,
sample size, number of participants, inclusion and exclusion
criteria, interventions, primary and secondary outcomes, length of
follow-up, co-interventions, compliance, loss to follow-up, results,
and statistical analysis.

Studies were grouped by type of intervention. Results for dichot-
omous data were expressed as relative risk (RR) with 95% confi-
dence interval (CI) and pooled using a random-effects model in
RevMan 5.3 software. We assessed heterogeneity of treatment
PREVENTING INFECTIONS IN HEMATOLOGIC MALIGNANCIES 21
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effects using a Chi2 test with a significance level at P < 0.1. We will
use the I2 statistic to quantify possible heterogeneity (>30% to
signify moderate heterogeneity and >75% to signify considerable
heterogeneity).

For continuous outcomes, we planned to record the mean, stan-
dard deviation, and number of participants in treatment and control
groups. However, most studies did not provide the standard devi-
ation in each group.

We planned to perform exploratory subgroup analyses of our pri-
mary outcomes by publication year (before or after 2000), indication
for intervention (hypogammaglobulinemia with or without a history of
recurrent infections), and degree of hypogammaglobulinemia.

We performed a sensitivity analysis for our primary outcomes to
explore the effects of excluding studies with a high ROB (studies
with a low ROB or some concerns vs studies with high ROB).

Results

The search strategy identified 10 576 studies (Figure 1). We
excluded 134 studies at full-text review stage (reasons in Figure 1).
Twenty-one completed (n = 5953 participants) studies and 1
ongoing study were included (Table 1).

Those RCTs were published from 1988 through 2021, including 9
before 2000. Fifteen were multicenter, 3 were single center, and
the rest were unspecified.

Eight trials evaluated prophylactic immunoglobulin.13-20 Seven
studies compared immunoglobulin with placebo (saline/albumin) or
no intervention.13,14,16-20 Seven evaluated IVIg and 1 evaluated
SCIg. Three studies had a crossover trial design.17-19 One17

compared IVIg to saline and switched arms after 12 months to
complete the 24-month follow-up, and the other 2 compared IVIg
to no intervention, switched arms after 6 months, then switched
back after 12 months to complete the 24-month follow-up.18,19

One study compared the use of different doses of IVIg (0.25 g/kg
vs 0.5 g/kg, 4 weekly for 12 months).15 Three studies evaluated
patients with MM,14,19,20 4 evaluated those with CLL, 13,16-18 and 1
evaluated those with CLL or lymphoma.15

FiveMMstudies compared prophylactic antibioticswith placebo or no
intervention.21-25 Two studies22,24 compared chemotherapy regi-
mens with or without clarithromycin, to evaluate the antimyeloma
effect of clarithromycin. One study used levofloxacin,21 1 used cip-
rofloxacin and trimethoprim-sulfamethoxazole,25 and 1 used trimeth-
oprim-sulfamethoxazole.23 Duration of antibiotic treatment was
variable, ranging from2 to 15months (median). In 1 study,21 low-dose
trimethoprim-sulfamethoxazolewas permitted as a prophylaxis against
Pneumocystis pneumonia (dosed according to local practice).21,22

Seven studies evaluated vaccination.26-32 Four evaluated VZV vac-
cines after autologous stem cell transplant (ASCT).27,29,30,32 One
compared VZV vaccine to placebo within 6 months after treat-
ment.26 Of these studies, 3 evaluated the use of a more recently
available adjuvanted recombinant zoster vaccine (Shingrix), which
can be administered to patients with hematological malignancies,
unlike the live attenuated zoster vaccine, which is generally contra-
indicated in immunocompromised people.26,29,30 The other 2
studies evaluated the use of heat-inactivated or γ-irradiated VZV
vaccine.27,32 Two studies evaluated influenza vaccination in patients
with MM on chemotherapy28 or patients after ASCT.31
22 CHAI et al
One study directly compared antibiotics (trimethoprim-sulfameth-
oxazole) to immunoglobulin (IVIg/SCIg) in patients with hemato-
logical malignancies.11

One ongoing study was identified that is evaluating immunoglobulin
vs placebo as primary infection prophylaxis in CLL (PROSID).33

ROB

The ROB assessment is shown in Figure 2. Generation of a
randomization sequence was adequate in 9 studies (+), but
unclear in the remaining 12 (?). Allocation concealment was
adequate in 8 studies (+), high in 1 (−), and unclear in the
remaining 12 (?). Blinding of participants and personnel was
adequate in 12 studies (+) and high (not blinded) in 9 (−). Blinding
of outcome assessment was adequate in 12 studies (+), not blin-
ded in 3 (−), and unclear in the remaining 6(?). Incomplete
outcome data were adequate in 21 studies (+). Selective reporting
was adequate in 20 studies (+) and unclear in 1(?).

Effects of interventions

Prophylactic immunoglobulin vs standard care

All-cause mortality. Two trials (n = 164) reported this outcome
(supplemental Figure 1). There was no difference in the risk of
all-cause mortality between prophylactic immunoglobulin and
standard care (placebo vs no intervention) (RR, 1.35; 95% CI,
0.57-3.18). There was no statistical evidence of heterogeneity
(P = .62; I 2 = 0%).

Infection-related mortality. One trial (n = 83) reported this
outcome (supplemental Figure 2). Prophylactic immunoglobulin
did not significantly reduce the risk of infection-related mortality
(RR, 0.33; 95% CI, 0.01-7.77).

CDI. Five trials (n = 267) reported the patients who had at least 1
CDI (Figure 3). Prophylactic immunoglobulin reduced the risk of
CDI by 28% (RR, 0.7; 95% CI, 0.54-0.96). There was statistical
evidence of moderate heterogeneity (P = .06; I2 = 56%). Two trials
(n = 99) reported the proportion of patients who had at least 3
CDIs (supplemental Figure 3). Immunoglobulin prophylaxis signifi-
cantly reduced the risk of at least 3 CDIs by 57% (RR, 0.42; 95%
CI, 0.21-0.84). There was no statistical evidence of heterogeneity
(P = .36; I2 = 0%). One trial (n = 42) reported the proportion of
patients who had at least 3 serious infections (supplemental
Figure 4), with significant reduction (66%; RR, 0.34; 95% CI,
0.14-0.81).

MDI. Two trials (n = 99) reported patients with at least 1 MDI
(supplemental Figure 5). Immunoglobulin prophylaxis did not
significantly reduce the risk of MDI (RR, 0.92; 95% CI, 0.41-2.08).
There was statistical evidence of moderate heterogeneity (P = .12;
I2 = 58%). Further details are available in the (supplemental
Information).

Adverse events. Three trials (n = 205) reported adverse events
(supplemental Figure 6). Immunoglobulin prophylaxis signifi-
cantly increased the risk of adverse events (RR, 2.23; 95% CI,
1.67-2.99). There was no statistical evidence of heterogeneity
(P = .40; I2 = 0%).
10 JANUARY 2023 • VOLUME 7, NUMBER 1
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Figure 1. PRISMA flow diagram for study selection.
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Side-effects included fever, chills, headache, hypotension, and
rash, mostly occurring early.

Three studies reported adverse events resulting in treatment
discontinuation (supplemental Figure 7). There was no significant
difference (RR, 4.80; 95% CI, 0.57-40.30) and no statistical evi-
dence of heterogeneity (P = .53; I2 = 0%).

Crossover studies evaluating prophylactic immunoglobu-
lin. Three studies had a crossover study design and were not
included in the meta-analysis, as data for first randomization were
not available.17-19 Importantly, no washout period was reported,
and therefore a carry-over effect cannot be excluded. More details
are provided in the supplemental Information.
10 JANUARY 2023 • VOLUME 7, NUMBER 1
Prophylactic immunoglobulin comparing different doses.
One small study evaluating CLL and NHL compared different doses
of prophylactic immunoglobulin.15,34 Results are provided narratively
in the supplemental Information. Althoughnodifferencewasobserved
in the rate of infection between 0.5 and 0.25 g/kg every 4 weeks, the
data are insufficient to demonstrate equivalence.

Subgroup analysis. Subgroup analyses could not be performed
because of insufficient data (only 1 study was published after
2000) and missing information.

Sensitivity analysis. We summarized the sensitivity analyses in
Table 2. After removing studies with a high ROB, the effect estimate
PREVENTING INFECTIONS IN HEMATOLOGIC MALIGNANCIES 23



Table 1. Characteristics of the included studies

Number Study

Study design,

years conducted Types of intervention

Dose and schedule of

interventions

Types and number of

participants (n), multicenter or

single center Outcomes

1 Boughton et al13 RCT, not stated Prophylactic immunoglobulin
compared with placebo

IVIg 18 g (sandoglobulin) vs
placebo (0.6 g albumin) every 3
wk for 12 mo

CLL, serum IgG <5.5 g /L and 2 or
more documented infections in
the preceding 12 mo; N = 42,
multicenter

Patients with ≥1 CDI, patients with
≥1 MDI, number of MDIs,
patients with ≥3 infections,
patients with ≥3 serious
infections, number of CDIs
(overall but not by treatment
arm), adverse effects, adverse
events leading to treatment
discontinuation

2 Chapel et al14 RCT, not stated Prophylactic immunoglobulin
compared with placebo

IVIg 0.4 g/kg (Gammagard) vs
placebo (4% albumin) every
4 wk for 12 mo

MM in stable phase; N = 83,
multicenter

All-cause mortality, IRM, patients
with ≥1 CDI, number of CDIs,
number of MDIs, number of
serious infections, time to first
major infection, adverse events,
adverse events leading to
treatment discontinuation

3 Cooperative CLL16 RCT, not stated Prophylactic immunoglobulin
compared with placebo

IVIg 0.4 g/kg (Gammagard) vs
placebo (0.9% sodium chloride)
every 4 wk for 12 mo

CLL, serum IgG level < 50% of
lower limit of normal or a history
of serious infections; N = 84,
multicenter

All-cause mortality, patients with
≥1 infections, patients with ≥3
infections, patients with ≥1
serious infections, patients with
≥1 MDI, number of MDIs,
number of CDIs, number of
serious infections, adverse
events, adverse events leading
to treatment discontinuation

4 Dagnew et al26 RCT, 2013-2015 Vaccination compared with
placebo

Adjuvanted recombinant zoster
vaccine (2 doses) vs placebo 1-
2 mo apart

CLL, lymphoma, MM, receiving or
had just finished
immunosuppressive cancer
treatments; N = 562, multicenter

All-cause mortality, patients with
≥1 CDI, patients with ≥1 MDI,
number of CDI, number of MDIs,
adverse events

5 Drayson et al21 RCT, 2012-2016 Prophylactic antibiotics compared
with placebo

Levofloxacin 500 mg daily vs
placebo for 12 wk

MM, newly diagnosed with planned
antimyeloma treatment; N = 977,
multicenter

All-cause mortality, IRM, patients
with ≥1 CDI, number of CDIs,
number of MDIs, number of
hospitalizations, number of ICU
admissions, adverse events

6 Gamm et al15

Chapel et al14
RCT, not stated Prophylactic immunoglobulin

comparing differing doses
IVIg 0.5 g/kg vs IVIg 0.25 g/kg
(Gammagard) every 4 wk for 12
mo

CLL and lymphoma, serum IgG
below lower limit of normal or a
recent history of serious
infections; N = 36, multicenter

All-cause mortality, IRM, patients
with ≥1 CDI, number of CDIs,
number of MDIs, number of
serious infections, adverse
events

7 Gregersen et al22 RCT, not stated Prophylactic antibiotics compared
with placebo

Clarithromycin 500 mg BD vs
placebo for 3 mo

MM, newly diagnosed and
receiving VCD induction
chemotherapy; N = 58,
multicenter

All-cause mortality, patients with
≥1 CDI, patients with ≥1 MDI,
patients with ≥1 serious
infection, adverse events

8 Griffiths et al17 RCT Crossover, 1984-1987 Prophylactic immunoglobulin
compared with placebo

IVIg 0.4 g/kg (Gammagard) vs
placebo (saline) every 3 wk for
months, then crossover for
another 12 mo

CLL, serum IgG level <3.5 g/L or a
history of serious infections;
N=12, single center

Number of CDIs, adverse events

9 Hata et al27 RCT, 1997-2000 Vaccination compared with
placebo

Heat-inactivated, live attenuated
varicella vaccine vs placebo
given within 30 d before
transplantation and 30, 60, and
90 d after transplantation

Lymphoma, autologous stem cell
transplant; N = 119, multicenter

All-cause mortality, patients with
≥1 CDI, number of CDIs,
adverse events (treatment group
only)

HSCT, hematopoietic stem cell transplantation; ICU, intensive care unit; IRM, infection-related mortality; Rd, lenalidomide and dexamethasone.
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Table 1 (continued)

Number Study

Study design,

years conducted Types of intervention

Dose and schedule of

interventions

Types and number of

participants (n), multicenter or

single center Outcomes

10 McQuilten et al35 RCT, 2017-2020 Prophylactic antibiotics compared
with prophylactic
immunoglobulin

IVIg 0.4 g/kg every 4 wk or SCIg
0.1 g/kg every week vs oral
antibiotics (trimethoprim-
sulfamethoxazole 160 mg/800
mg daily) for 12 mo

CLL, MM, lymphoma, other
hematological malignancy,
serum IgG level <4 g/L or a
history of serious infections; N =
60, multicenter

Time to first major infection,
patients with ≥1 serious
infection

11 Molica et al18 RCT, crossover, not stated Prophylactic immunoglobulin
compared with no treatment

IVIg 0.3g/kg (Vena-N) every 4 wk vs
no treatment for 6 mo, then
switched to observation or IVIg
for another 12 mo; then IVIG or
no therapy for 6 more months.

CLL, serum IgG level <6 g/L or a
history of serious infections; N =
42, multicenter

All-cause mortality, IRM, number of
CDIs, number of MDIs

12 Musto et al19 RCT crossover, not stated Prophylactic immunoglobulin
compared with no treatment

IVIg 0.3 g/kg (Vena-N) every 4 wk
vs no treatment for 6 mo, then
switched to observation or IVIg
for another 12 mo; then IVIG or
no therapy for 6 more months

MM, serum IgG below lower limit of
normal or a recent history of
serious infections; N = 25, not
stated

All-cause mortality, IRM, number of
CDIs, number of serious
infections

13 Musto and Carotenuto28 RCT, 1995-1996 Vaccination compared with no
treatment

Influenza vaccine (trivalent
subvirion containing antigens
from the component strains A/
Singapore/6/86, A/
Johannesburg/33/94 and B/
Bijing/184/93) vs no treatment

MM undergoing chemotherapy;
N = 50, not stated

IRM, patients with ≥1 CDI, number
of hospitalizations, adverse
events (treatment group only),
adverse events leading to
treatment discontinuation
(treatment group only)

14 Oken et al23 1996 RCT, not stated Prophylactic antibiotics compared
with no treatment

Oral antibiotics (trimethoprim-
sulfamethoxazole 160mg/
800mg bd) vs no treatment for 2
mo

MM, newly diagnosed undergoing
chemotherapy; N = 54,
multicenter

IRM, patients with ≥1 CDI, patients
with ≥1 serious infection,
number of CDIs, IRM, adverse
events, adverse events leading
to treatment discontinuation.
number of major infections

15 Puig et al24 RCT, 2015-2019 Prophylactic antibiotics with
standard care

Oral antibiotics (clarithromycin 500
mg bd) vs placebo until disease
progression or unacceptable
toxicity

MM, newly diagnosed, ≥65 y of
age undergoing RD
chemotherapy; N = 286,
multicenter

All-cause mortality, IRM, patients
with ≥1 CDI, patients with ≥1
serious infection, adverse events

16 Stadtmauer et al29 RCT, 2009-2012 Vaccination compared with
placebo or differing doses

Three doses of 50 mg VZV
glycoprotein E (gE) adjuvanted
with AS01B vs 3 doses of gE
adjuvanated with AS01E vs
dose of saline followed by
2 doses of gE/AS01B vs 3
doses of saline at months 0, 1, 3.

CLL, MM, lymphoma, AML, had
autologous stem cell transplant;
N = 121, multicenter

Patients with ≥1 CDI, adverse
events

17 Stadtmauer et al30

Bastidas et al39
RCT, 2012-2017 Vaccination compared with

placebo
Adjuvanted recombinant zoster
vaccine vs placebo with the first
dose given 50-70 d after
transplantation and the second
dose 1-2 mo thereafter.

Post autologous HSCT; N = 1846,
multicenter

All-cause mortality, patients with
≥1 CDI, number of CDIs,
adverse events

18 Teh et al31 RCT, 2019-2020 Vaccination, comparing different
doses

High-dose (HD) inactivated
influenza vaccine followed by
standard dose (SD) vaccine
(HD-SD arm) or 2 SD vaccines
(SD-SD arm) 4 wk apart

MM, lymphoma, post autologous
stem cell transplant; N = 68,
single center

Patients with one or more CDIs,
patients with ≥1 MDI, number of
CDIs, number of MDIs, adverse
events

HSCT, hematopoietic stem cell transplantation; ICU, intensive care unit; IRM, infection-related mortality; Rd, lenalidomide and dexamethasone.
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was similar for the outcome of all-cause mortality, but it should be
noted that the outcome of patients with ≥1 CDI became statistically
nonsignificant.

Ongoing studies. One ongoing study was identified that eval-
uated IVIg vs placebo in patients with CLL as the primary infec-
tion prophylaxis (PROSID).33 The estimated completion date is
September 2023.

Prophylactic antibiotics vs standard care

All-cause mortality. Four trials (n = 1533) reported this outcome
(supplemental Figure 8). Prophylactic antibiotics did not signifi-
cantly reduce the risk of all-cause mortality standard care (placebo
or no intervention) (RR, 1.11; 95% CI, 0.85-1.45). There was no
statistical evidence of heterogeneity (P = .89; I2 = 0%).

Infection-related mortality. Four trials (n = 1518) reported
this outcome (supplemental Figure 9). There was no difference
in risk of infection-related mortality (RR, 1.15; 95% CI, 0.59-2.25).
There was no statistical evidence of heterogeneity (P = .28;
I2 = 22%).

CDI. Five trials (n = 1576) reported patients who had at least 1
CDI (Figure 4). Prophylactic antibiotics did not significantly
reduce the risk of CDIs (RR, 0.93; 95% CI, 0.79-1.08).
There was no statistical evidence of heterogeneity (P = .27;
I2 = 23%). When limited to studies evaluating antibiotics for the
purpose of infection prevention only (excluding trials evaluating
the antimyeloma effect of clarithromycin), our findings were
similar.

Four trials (n = 599) reported the proportion of patients who had at
least 1 serious infection (supplemental Figure 10). There was no
significant difference in ≥1 serious infection (RR, 0.84; 95% CI,
0.34-2.09). There was statistical evidence of moderate heteroge-
neity (P = .02; I2 = 69%).

MDI. One trial (n = 58) reported patients who had at least 1 MDI
(supplemental Figure 11) and there was no significant reduction
(RR, 5.7; 95% CI, 0.71-46.14).

Adverse events. Four trials (n = 398) reported adverse events
(supplemental Figure 12). Prophylactic antibiotics significantly
increased the risk of adverse events (RR, 1.75; 95% CI, 1.01-3.03).
There was statistical evidence of moderate heterogeneity (P = .06;
I2 = 60%).

Clarithromycin was found to be associated with serious adverse
events in 2 studies. One trial was terminated early because of
increased sepsis, attributed to the reduced metabolism of borte-
zomib.22 In another study, clarithromycin led to delayed clearance
of steroids.24 When these 2 trials were excluded, our findings
remained similar.

Reported adverse events in other studies were diverse, including
gastrointestinal disturbances, rash, musculoskeletal pains, and
tendonitis (with levofloxacin).

Subgroup analysis. Including only studies published after 2000,
our primary outcomes remained the same (supplemental Figure 13).
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Figure 2. ROB assessments for included studies.
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Other subgroup analyses could not be performed because of
missing information.

Sensitivity analysis. We summarized the effects of sensitivity
analyses in Table 2. Reported effects for patients with CDI and all-
cause mortality were robust when removing studies with high
ROB.

Vaccination vs standard care

All-cause mortality. Four trials (n = 3738) assessing VZV
vaccination reported this outcome (supplemental Figure 14). There
was no difference in risk of all-cause mortality between VZV
vaccination and standard care (placebo or no intervention) (RR,
0.92; 95% CI, 0.75-1.14). There was no statistical evidence of
heterogeneity (P = .84; I2 = 0%).

Infection-related mortality. One trial reported this outcome
(supplemental Figure 15).28 There was no difference in risk of
infection-related mortality between influenza vaccination and stan-
dard care (RR, 0.20; 95% CI, 0.01-3.97).

CDI. Five trials (n = 3515) that evaluated VZV vaccination reported
on patients with clinically documented VZV infection (Figure 5).
VZV vaccination significantly reduced the risk of clinically docu-
mented VZV infection (RR, 0.36; 95% CI, 0.29-0.44). There was
no statistical evidence of heterogeneity (P = .79; I2 = 0%). In
reviewing Stadtmauer et al,30 we excluded patients with non-
hematological malignancies from the meta-analysis.

One trial (n = 50) that evaluated influenza vaccination reported on
patients with at least 1 CDI (Figure 5).28 Influenza vaccination
significantly reduced the risk of clinically documented influenza
infection (RR, 0.44; 95% CI, 0.24-0.83).

Overall, vaccination reduced the risk of CDI (RR, 0.37; 95%
CI, 0.30-0.45; Figure 5). There was no heterogeneity (P = .83;
I2 = 0%).

MDI. One trial (n = 562) that evaluated VZV vaccination reported
patients with at least 1 microbiologically documented VZV infection
(supplemental Figure 16).26 VZV vaccination significantly reduced
the risk of microbiologically documented VZV infection (RR, 0.18;
95% CI, 0.04-0.80).

Adverse events. Six trials reported adverse events (supplemental
Figure 17). Two of those trials reported adverse events in the
treatment arm only and were not included in the meta-analysis.27,28

In the remaining 4 trials, VZV vaccination did not significantly
increase the risk of adverse events (RR, 1.93; 95% CI, 0.99-3.76).
There was statistical evidence of heterogeneity (P < .00001;
I2 = 93%).

In the studies evaluating VZV vaccination, adverse events were
predominantly mild and included nausea, fever, and injection-site
reactions.32

Comparison of different vaccination doses. Two trials
compared different doses of VZV29 and influenza vaccination.31

There was no difference in CDIs or adverse events (supple-
mental Figures 18-20).
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Table 2. Sensitivity analyses for the primary outcomes

Intervention Outcome Main analysis ROB: excluding studies at high ROB

Prophylactic immunoglobulin All-cause mortality RR 1.35 (95% CI, 0.57-3.18); including 164
participants from 2 studies
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participants from 4 studies
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Subgroup analysis. Subgroup analysis could not be performed
because of missing information.

Sensitivity analysis. The reported effects of VZV vaccination
were robust when studies with high ROB were removed (Table 2).
We could not perform a sensitivity analysis for influenza vaccination
(1 trial).

Prophylactic antibiotics vs immunoglobulin

One study included 60 hematology patients who were randomly
assigned to receive prophylactic immunoglobulin or trimethoprim/
sulfamethoxazole for 12 months.35 As feasibility was the primary
outcome, this study was not powered for efficacy outcomes.
Findings are available from a conference abstract only.
28 CHAI et al
Discussion

In this review of the efficacy and safety of different interventions to
prevent infection in adult patients with CLL, NHL, and MM, we
identified 21 completed trials: 8 evaluated immunoglobulin, 5 eval-
uated antibiotics, 7 evaluated vaccination, and 1 compared antibi-
otics to immunoglobulin. We identified some general themes that
limited our interpretation. (1) Many trials were published >15 years
ago, precluding generalizability to current treatments. (2) The stan-
dard care arms were variable in the studies that evaluated immu-
noglobulin, as illustrated by the use of various placebo types, and
there was a lack of description of other interventions used to prevent
infection across all studies. (3) Definitions for outcomes were
heterogenous, including reporting of the number and severity of
infections, which limited the pooling of results for the meta-analysis.
10 JANUARY 2023 • VOLUME 7, NUMBER 1
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(4) We judged the ROB to be high for 9 RCTs, and many trials were
small and thus insufficiently powered for clinical outcomes. (5) Only
1 ongoing study evaluating prophylactic immunoglobulin was iden-
tified, suggesting that this area is not one of active research, despite
the importance of infection management.

Of the 8 studies that evaluated prophylactic immunoglobulin, 7 were
published before 2000. Since the previous SR published in 2008,3

only 1 completed RCT and 1 ongoing RCT evaluating immuno-
globulin were identified, highlighting the paucity of supportive care
data in the current era. Our findings are similar to those in the pre-
vious review, showing that prophylactic immunoglobulin reduced the
risk of CDIs, but did not reduce the risk of mortality and increased the
risk of adverse events. Our confidence in these findings are very low,
given the ROB assessments and the low number of patients in many
of the included trials, which were not powered to assess differences
in clinical outcomes such as mortality.

Cost-effectiveness and quality of life were not prospectively
compared, but 1 study evaluated cost-effectiveness using physi-
cian assessment of quality of life.36 The increase in adverse events
accompanying reduced infection rates indicates the requirement
for future studies to include patient-reported outcomes, so that
clinicians can better understand how to balance provision of
infection prevention with adverse effects by focusing on outcomes
that matter most to patients.

Five studies evaluated antibiotics in patients with MM, with no
studies identified in CLL or NHL. Since the previous SR, 2 new
studies have been identified. In patients with MM, prophylactic
antibiotics did not significantly reduce the risk of mortality or CDIs,
but increased the risk of adverse events. A major concern
regarding antibiotic prophylaxis is the emergence of resistant
organisms.37 Of the included studies, only 1 reported this outcome
and found that prophylactic levofloxacin did not increase carriage
of resistant organisms within its 12-month follow-up.21
10 JANUARY 2023 • VOLUME 7, NUMBER 1
Seven studies evaluated VZV and influenza vaccinations. Since the
previous review,3 we have identified 5 new trials. Vaccination did
not reduce mortality, but significantly reduced risk of clinically
documented VZV and influenza infections. Although our search
strategy did not directly address COVID-19 vaccines, we did not
locate any completed RCTs in hematology patients, in accordance
with a recent SR that identified multiple prospective studies on
COVID-19 vaccination, but no completed or ongoing RCTs.38 We
are aware, however, that future RCTs evaluating COVID-19
booster vaccination are planned.

Although some international guidelines recommend a trial of anti-
biotics before commencement of prophylactic immunoglobulin,
evidence is lacking to support this recommendation. Only 1 feasi-
bility RCT was identified that directly compared these interventions.

There are some limitations. Most of the included studies evaluating
immunoglobulin predate modern B-cell– and plasma cell–targeted
therapies, thus limiting the applicability of our findings to current
practice. There was significant variability in the reporting of infec-
tion outcomes, limiting the pooling of studies in the meta-analysis.
Many of the included trials were small and insufficiently powered for
mortality outcomes. In addition, none of the trials provided infor-
mation about other interventions administered. However, to our
knowledge, this is the first SR to evaluate different types of inter-
ventions. Our review provides a comprehensive evaluation of cur-
rent evidence to support the use of prophylactic immunoglobulin,
prophylactic antibiotics, and vaccination.

In summary, prophylactic immunoglobulin and vaccination, but not
prophylactic antibiotics, may reduce risk of CDI in patients with
CLL, NHL, and MM; however, these findings should be interpreted
with caution because of the low number of patients, high ROB in
the included studies, and lack of contemporary data applicable
to the current standard of care for such patients. Given the varia-
tion in international guidelines, rising global demand, cost of
PREVENTING INFECTIONS IN HEMATOLOGIC MALIGNANCIES 29



immunoglobulin, and concerns regarding antimicrobial resistance,
more evidence is needed to inform infection prevention strategies.
Future studies should compare different interventions, specifically
immunoglobulin vs antibiotics, should use standardized definitions
of infection outcomes to enable comparison across studies, and
should report on cost-effectiveness analyses and impacts on
patient-reported outcome measures.
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