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KEY POINTS

� Secondary hypogammaglobulinemia is an increasingly common development in patients
treated with immunosuppressive therapy.

� Screening for an underlying immunodeficiency is crucial in people with a history of recur-
rent, severe, or unusual infections or hematologic malignancies and before transplantation
and starting immunomodulatory agents, including biologics.

� Preexistent primary or secondary immunodeficiency is exponentially magnified by immu-
nosuppressive therapy, which can lead to reactivation and acceleration of latent, residual,
and opportunistic infections.

� Antibody deficiency is characterized by decreased serum immunoglobulin levels in com-
bination with the inability to mount primary and anamnestic protective antibody responses
to vaccinations and infectious antigens.

� Management of secondary hypogammaglobulinemia includes screening for infections
before starting immunomodulatory agents as indicated, early vaccination, antiinfective
prophylaxis, and replacement immunoglobulin when indicated.
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INTRODUCTION

Primary immunodeficiency disorders (PIDDs), defined as inherited conditions that
impair the function of the immune system, are distinct from secondary immunodefi-
ciencies (SIDs), which can occur as a consequence of underlying illness, immunosup-
pressive treatment, and environmental and personal factors. SIDs result from altered
immune system function in association with immunosuppressive therapies, malnutri-
tion, infiltrative diseases or malignancies, infectious diseases, protein-losing disor-
ders, structural abnormalities or surgery, certain hereditary disorders, extremes of
age, harsh climates, isolation, extreme stress, sleep deprivation, radiation, and idio-
syncratic drug-induced adverse effects.1,2 SIDs are more prevalent than PIDD and
are frequently unrecognized by clinicians.
Multiple medications in therapeutic doses can cause hypogammaglobulinemia.

Decreased serum immunoglobulin A (IgA) can be caused by various anticonvulsant3

and psychotropic agents, such as phenytoin, carbamazepine, valproic acid, chlor-
promazine,4 lamotrigine, and zonisamide. There are also reports of lamotrigine and
carbamazepine causing decreases in total immunoglobulin G (IgG) and IgG sub-
classes5 and a common variable immunodeficiency–like disease.6,7

Immunosuppressive therapies (ISTs) are indispensable for treating autoimmune,
connective tissue, and malignant diseases and before and after hematopoietic
stem cell (HSC) and solid organ transplantation. They are used to induce or maintain
clinical remission, to decrease flares, and as steroid-sparing agents. In HSC trans-
plantation, medical ISTs are used for the prevention and treatment of graft-versus-
host disease. As the use of immunomodulatory drugs, including biologics, continues
to increase, clinicians should be aware of their potential adverse reactions. These re-
actions include significant effects on innate, cellular, and humoral immunity that in
turn can lead to severe, even fatal infections and autoimmune and lymphoprolifera-
tive diseases.
Medication-induced immunosuppression can be especially detrimental in patients

with underlying immunodeficiency diseases, both primary and secondary. Many
immunodeficient patients have a higher risk for developing autoimmunity and malig-
nancy; however, more than 50% of patients with PIDD are not diagnosed until
25 years of age.8 Consequently, treatment of autoimmunity and malignancy with
IST without recognizing the underlying PIDD can put these patients at higher risk
for complications. Likewise, hypogammaglobinemia secondary to hematologic ma-
lignancy is likely to be aggravated by IST. Hence, screening for preexistent immuno-
deficiency is crucial to decrease infectious complications of medication-induced
immunosuppression. This article reviews immunosuppressive medications that
commonly cause hypogammaglobulinemia.

NONBIOLOGICAL IMMUNOSUPPRESSIVE DRUGS THAT CAUSE
HYPOGAMMAGLOBULINEMIA

Many of the traditional (nonbiological) immunosuppressive medications are used for
the treatment of various autoimmune, malignant, and transplant rejection. Glucocorti-
coids,9–11 sulfasalazine, gold, mycophenolate mofetil, methotrexate, azathioprine, and
alkylating agents affect various pathways of innate and acquired immunity and can
cause cytopenias, lymphocyte dysfunction and decrease immunoglobulin production
(Table 1). Combining immunosuppressive medications leads to more frequent and se-
vere hypogammaglobulinemia.12,13 Immunosuppression can be complicated by an
increased risk and severity of bacterial, viral, fungal, and protozoan infections,
including opportunistic.



Table 1
Immunosuppressive (nonbiological) drugs that cause hypogammaglobulinemia

Use Mechanism of Action
Adverse Effects on Immune Cells and
Immunoglobulin Levels Associated Infections

GCs Multiple
antiinflammatory and
autoimmune diseases

� Effect innate and
acquired immunity
via expression of
multiple genes

� Dose-dependent GS
effects

� More significant effect on T cells
compared with B cells

� Hypogammaglobulinemia typically
mild and not clinically significant

� At high doses and chronic use:
decrease number of peripheral B
cells and decrease IgG and IgA levels

� More significant
hypogammaglobulinemia, caused
by combination of glucocorticoids
with other immunosuppressive
medications

� Mild and severe bacterial, fungal,
and viral infections

� More common and more severe
when GS are used with other
immunosuppressive medications

Sulfasalazine Rheumatoid arthritis,
ulcerative colitis, other
autoimmune diseases

� Exact mechanism of
action unknown

� Inhibits neutrophil migration and
reduces lymphocyte responses

� Selective IgA deficiency
� Reversible

hypogammaglobulinemia, typically
asymptomatic

� Anemia, leukopenia

� Sepsis, pneumonia, no specific
pathogens reported

Methotrexate Acute lymphoid
leukemia, juvenile
idiopathic and
rheumatoid arthritis,
severe psoriasis

� Antimetabolite
� Interferes with DNA

synthesis, repair, and
cellular replication by
inhibiting
dihydrofolate
reductase

� Decreases immunoglobulin levels
(rare) and antibody synthesis

� Cytopenias
� In high doses, causes profound

bone marrow suppression

� Predominantly opportunistic
infections, such as Pneumocystis
jiroveci pneumonia, cryptococcosis,
CMV disease (including pneumonia,
sepsis), nocardiosis, herpes simplex
and zoster infections,
histoplasmosis

� Bacterial infections, when used in
combination with steroids

(continued on next page)
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Table 1
(continued )

Use Mechanism of Action
Adverse Effects on Immune Cells and
Immunoglobulin Levels Associated Infections

Azathioprine
(active form:
6-mercaptopurin)

Rheumatoid arthritis,
systemic lupus
erythematosus, other
autoimmune diseases,
transplant rejection

� Purine analogue of
guanine and
hypoxanthine

� Decreases T- and B-cell numbers,
B-cell proliferation, antibody
formation, and NK cell activity

� Myelosuppression, predominantly
leukopenia, hepatitis, and
lymphoproliferative disorders

� Bacterial, viral, fungal, protozoal,
opportunistic infections

� Rate of infections significantly
higher in patients who had renal
transplants compared with those
with rheumatoid arthritis

Mycophenolate
mofetil (active
form: mycophenolic
acid)

Autoimmune hepatitis,
refractory
autoimmune
cytopenias, lupus
nephritis, myasthenia
gravis, transplant
rejection

� Blocks the production
of guanine
nucleotides required
for DNA synthesis

� Inhibits T- and B-cell proliferation,
recruitment of lymphocytes into
areas of inflammation and antibody
production by B lymphocytes

� Leukopenia, other cytopenias,
increased risk of
lymphoproliferative disorders and
skin cancers

� Hypogammaglobulinemia,
especially in combination with
other immunomodulators

� Predominantly opportunistic
infections, such as CMV,
Pneumocystis jiroveci, nocardiosis,
histoplasmosis, cryptococcosis,
reactivation of polyoma viruses,
herpes zoster and simplex viruses

� Bacterial infections, especially with
concomitant GCs

Cyclophosphamide,
chlorambucil,
melphalan

Different types of
leukemia and
lymphoma, multiple
myeloma, cancers,
autoimmune diseases,
minimal change
disease

� Alkylating agents
� Cross-link strands of

DNA and RNA and
inhibit protein
synthesis

� Inhibition
cholinesterase activity

� T- and B-cell lymphopenia
� Suppressed antibody responses
� Cytopenias, myelodysplastic

syndrome
� Secondary malignancies

� Bacterial, fungal (Pneumocystis
jiroveci), viral (herpes zoster),
protozoal, parasitic (Strongyloides)
infections

� Reactivation of latent infections

Abbreviations: CMV, cytomegalovirus; GCs, glucocorticoids; NK, natural killer.
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BIOLOGICAL THERAPIES THAT CAUSE HYPOGAMMAGLOBULINEMIA

Biologics are large molecule therapeutics, usually proteins, which are isolated from
human (or sometimes other biological) material or produced by in vitro cell culture
or cell lines and recombinant gene technology. They include vaccines, blood and
blood components, cellular therapies, gene therapy, tissues, and recombinant thera-
peutic proteins.14 Immunosuppressive biological agents selectively target specific cy-
tokines and/or block their receptors, typically with high affinity. The therapeutic
precision of these drugs is very useful in the treatment of specific underlying diseases;
but it can cause a profound deficiency of the targeted immunologic mediator,
mimicking the disease observed in patients with PIDDs with homozygous genetic de-
letions of these mediators (Table 2).

Anti-CD20 Monoclonal Antibodies

Rituximab is a chimeric antibody against CD20 that selectively targets B cells and in-
duces complete depletion of circulating and tissue-based CD201 B lymphocytes. It is
widely used to treat malignant and autoimmune diseases. Early clinical trials demon-
strated mild, transient hypogammaglobulinemia during the treatment with rituximab,15

with an average B-cell recovery of 6 to 9 months after completion of therapy, with no
significant increase in infection rate.16,17 However, with expanding use of rituximab, its
use in maintenance drug regimens, in combination with other immunosuppressive
medications, and the availability of longer follow-up data, it has become clear that
some patients treated with rituximab develop long-lasting B-cell immunosuppression.
T-cell lymphopenia, predominantly affecting CD41 T cells has been reported as well.18

It can be persistent and more prominent with maintenance regimens.19 Depending on
the study, up to 56% of rituximab-treated patients are reported to develop hypogam-
maglobulinemia with predominantly decreased IgG and immunoglobulin M (IgM)
serum levels.20,21 For the most part, hypogammaglobulinemia is mild, but some of
these patients develop severe infections that require temporary or long-term immuno-
globulin replacement therapy (IGRT).22–24 Severe cytomegalovirus (CMV) infection,
reactivation of latent hepatitis B infection and fatal progressive multifocal leukoence-
phalopathy were described with rituximab. In a study of 211 patients with non–
Hodgkin lymphoma, 39% developed new onset decreased serum IgG and 72% of
patients with preexisting low serum IgG had worsening of their hypogammaglobine-
mia. Seven percent developed symptomatic hypogammaglobinemia, defined by
recurrent non-neutropenic infections.25 Similar findings of post–rituximab hypogam-
maglobulinemia and increased severe infections were also reported in patients with
rheumatoid arthritis,22,26,27 multisystem autoimmune disease,27 antineutrophil cyto-
plasmic antibody-associated vasculitis,28 systemic lupus erythematosus,29 and multi-
ple myeloma30 and in patients with neuroinflammatory diseases.31

Retrospective studies of patients with recurrent or severe infections and hypogam-
maglobulinemia requiring IGRT after rituximab treatment found persistent B-cell ab-
normalities.32,33 Makatsori and colleagues32 found that all 19 patients had reduced
or absent B cells, reduced specific antibody levels, no response to Haemophilus influ-
enza B (HIB), tetanus, and pneumococcal vaccinations, and needed IGRT for a mean
of 36 months (range 7 months to 7 years) after the last rituximab dose. In the other
study, 45% (5 of 11) of patients had persistently undetectable CD191 B cells (<3 cells)
9 to 31 months after receiving rituximab.33 B-cell recovery in the rest of the patients
was delayed with an average reconstitution time of 23 months after the last dose of
rituximab. Furthermore, B-cell subpopulations after rituximab treatment were skewed
toward naive B cells; there was a significant decrease in switched and memory B cells



Table 2
Biological agents that cause secondary hypogammaglobulinemia

Medication Target Selected Indications Immunologic Effects Infectious Complications

Rituximab � Anti-CD20 chimeric
monoclonal antibody

CLL
NHL
AAV
RA

� B-cell depletion
� Hypogammaglobulinemia
� Decreased antibody responses

to vaccinations

� Potentially fatal bacterial,
fungal, and viral infections
(CMV, herpes simplex, varicella
zoster, parvovirus B19, West
Nile, hepatitis B and C); PML
due to JC virus infection

� Reactivation of hepatitis B
several months after
completion of therapy

Ofatumumab � Second-generation anti-CD20
human monoclonal antibody

� Binds to a unique, more
membrane proximal epitope
of the CD20 and has been
shown to be more potent than
rituximab in preclinical models

Initial treatment as well as
relapsed and refractory CLL

� B-cell depletion
� Hypogammaglobulinemia

(5%) in clinical trials

� 65%–70% incidence of
bacterial, viral, and fungal
infections, including sepsis
(8%–10%)

� Reactivation of hepatitis B
several months after
completion of therapy

Obinutuzumab � Third-generation humanized
anti-CD20 monoclonal
antibody

� More potent activity through
antibody-dependent cellular
cytotoxicity and direct B-cell
apoptosis than rituximab

CLL, follicular lymphoma � Limited data
� B-cell depletion

� Limited data
� Incidence of infection: 38%,

including fatal and serious
bacterial, fungal, and viral
(herpes virus) infections
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Alemtuzumab � Recombinant monoclonal
antibody specific for CD52
(Campath-1 antigen), which is
present on many mature
immune cells (T and B cells, NK
cells, eosinophils, neutrophils,
monocytes/macrophages, and
dendritic cells)

� Causes antibody-dependent
cellular and complement-
mediated lysis

Relapsing remitting multiple
sclerosis, CLL, renal transplant
rejection

� Reduction in B, T, NK cells and
neutropenia early in
treatment, persists for 4 to
9 mo after stopping therapy

� Bacterial, viral, fungal, and
protozoal (Listeria) infections

� CMV reactivation and
infection

� Reactivation of hepatitis B or
hepatitis C, herpes, human
papilloma virus, and
tuberculosis

� Also, increased risk of
secondary autoimmune
disease (30%–40%) and
infections, including bacterial,
fungal, Listeria
monocytogenes

Belimumab Anti-BLys humanized
monoclonal antibody

SLE � Alters B cells’ survival and
reduces the differentiation of
B cells into immunoglobulin-
producing plasma cells

Pneumonia, urinary tract
infection, cellulitis, and
bronchitis

Atacicept Humanized fusion protein that
binds BLys and APRIL

— � Decreased numbers of mature
and total circulating B cells
and serum IgG, IgM, and IgA

Phase II/III trial in lupus nephritis
stopped because of low
immunoglobulin levels and
pneumonias in some patients

Abbreviations: AAV, ANCA-associated vasculitis; BLys, B-lymphocyte stimulator; CLL, chronic lymphoid leukemia; CMV, cytomegalovirus; NHL, non-Hodgkin lym-
phoma; NK, natural killer; PML, progressive multifocal leukoencephalopathy; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.
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Kaplan & Bonagura38
in all of the patients. All patients had persistently low serum IgG levels with associated
low IgA and IgM in 78% and 89% of these patients, respectively. None of these pa-
tients achieved an adequate response to Streptococcus pneumoniae polysaccharide
vaccination (PPSV23). At 3.4 years after rituximab treatment (range, 1.0–6.5 years),
82% of patients were still requiring IGRT.33

Several factors associated with significant, symptomatic, persistent hypogamma-
globinemia after rituximab have been described (see Table 3).22–24,26–31,34–36 These
include low baseline immunoglobulin levels, low CD19 count, more rituximab doses
administered, use of other immunosuppressive drugs, older age, underlying disease
treated with rituximab and concomitant medical conditions, or a combination of these
risk factors.
The impact of rituximab on vaccination responses has been evaluated as well.

Significantly decreased antibody responses were found to PPSV23, HIB,37 and
influenza A38 vaccines within 6 months after CD20-depleting therapy. In patients
with rheumatoid arthritis, antibody responses to influenza vaccination, administered
4 to 8 weeks after rituximab therapy, were significantly reduced compared with
methotrexate-treated patients and healthy controls.39 Humoral response improved,
although it was still partial, when immunization was given 6 to 10 months after ritux-
imab therapy, even in the absence of the repopulation of B cells. Another study of
patients with rheumatoid arthritis measured vaccine responses after rituximab and
methotrexate therapy for 36 weeks, compared with receiving methotrexate alone
for 12 weeks. The investigators found similar tetanus toxoid responses in both
groups but significantly decreased responses to PPSV23 and keyhole limpet hemo-
cyanin (KLH, protein neoantigen) vaccines in the rituximab-treated group.40 Antibody
responses in 46 patients with newly diagnosed type 1 diabetes mellitus who
completed 4 doses of rituximab and received no other IST showed protective,
although significantly blunted, responses to tetanus, diphtheria. and hepatitis A im-
munizations 12 months after rituximab treatment compared with the placebo
group.41

In an effort to further improve the therapeutic efficacy of rituximab, newer anti-CD20
monoclonal antibodies have been developed, such as ofatumumab, ocrelizumab, and
obinutuzumab. Reactivation of hepatitis B has also been reported following anti-CD20
monoclonal antibody therapy. The Food and Drug Administration recommends
screening all patients for hepatitis B virus (HBV) infection before starting treatment
with ofatumumab and rituximab and monitoring patients who had prior HBV infection
for clinical and laboratory signs of hepatitis B or HBV reactivation during and several
months after treatment.41

Other Immunomodulatory Biologics

Other immunomodulatory biologics, such as monoclonal antibodies to cytokines that
inhibit B-cell function (belimumab) and T-cell antigens (alemtuzumab),42,43 are used in
the setting of inflammatory disorders and have a potential of causing
hypogammaglobulinemia (see Table 2). Abatacept downregulates T-cell activation
by binding to CD80 and CD86 receptors on antigen-presenting cells and
disrupts CD28 costimulation of T cells. It has not been associated with hypogamma-
globulinemia; however, abatacept-treated patients with rheumatoid arthritis de-
monstrated significantly decreased serotype-specific IgG responses to PPSV23
compared with controls, while preserving opsonization responses, measured by
multiplexed opsonophagocytic killing assay.44 Belatacept is a second-generation
CTLA-4-Ig fusion protein that has superior binding to CD80 and CD86 compared
with abatacept, used in patients with renal transplants. Antithymocyte globulin



Table 3
Risk factors for postrituximab hypogammaglobulinemia and severe infections

Postrituximab
Complications Risk Factors Underlying Disease Notes References

Hypogammaglobulinemia � Low baseline IgG levelsa MAID Weak association with
cyclophosphamide exposure,
but not cumulative
rituximab dose

Roberts et al,21 2015

RA — De La Torre et al,27 2012
IgG levels <8 g/L Boleto et al,26 2018

Lymphoma — Filanovsky et al,34 2016
� Low IgG levels at the time of

rituximab
MAID — Roberts et al,21 2015

� 1 Methotrexate RA — Boleto et al,26 2018
� Rituximab >8 doses Lymphoma — Filanovsky et al,34 2016
� 1 Fludarabine Lymphoma — Filanovsky et al,34 2016
� Prior purine exposure
� Heavily pretreated patients

Non-Hodgkin lymphoma — Casulo et al,25 2013

Low IgM � Baseline serum IgM �0.8 g/L
� 1Mycophenolate mofetil

Systemic lupus erythematosus — Reddy et al,23 2017

(continued on next page)
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Table 3
(continued )

Postrituximab
Complications Risk Factors Underlying Disease Notes References

Infections � Lower IgG levelsa

� Lower CD19 counts
� Creatinine clearance�45mL/

mina

� Older age
� Diabetes mellitus
� Prednisone dosage >15 mg/d

Systemic autoimmune disease
(RA excluded)

History of pneumococcal
vaccination significantly
decreased the risk of serious
bacterial infections events

Heusele et al,24 2014

� Baseline IgG level <6 g/La

� Chronic lung disease and/or
cardiac insufficiency

� Extra-articular involvement

RA — Gottenberg et al,35 2010

� Low IgG RA Infection rates higher in
low-IgG patients even before
they developed low IgG

van Vollenhoven et al,22

2013

� Reduction in IgM after
rituximab

� Duration of rituximab
� G-CSF administration

Hematology patients — Kanbayashi et al,36 2009

� IgG �375
� Low IgA

Granulomatosis with
polyangiitis

IgG �375 associated with 23
times higher odds of
infection, requiring
hospitalization

Shah et al,28 2017

� 1Fludarabine
� Female sex

Lymphoma — Cabanillas et al,20 2006

� 1Fludarabine
� Secondary prolonged

hypogammaglobulinemia

Lymphoma — Filanovsky et al,34 2016

� Secondary
hypogammaglobulinemia

RA — Boleto et al,26 2018

Abbreviations: G-CSF, granulocyte-colony stimulating factor; MAID, multisystem autoimmune disease; RA, rheumatoid arthritis.
a Baseline levels refer to levels before rituximab treatment.
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Secondary Hypogammaglobulinemia 41
(ATG) causes depletion of both T and B cells and is associated with increased herpes
virus infections. There are no reports of ATG-induced hypogammaglobulinemia.

MALIGNANCIES AND HYPOGAMMAGLOBULINEMIA

While evaluating patients with suspected medication-induced hypogammaglobulin-
emia, it is important to remember that underlying illnesses like malignancies, particularly
lymphoproliferative disorders, such as chronic lymphoid leukemia (CLL) and multiple
myeloma (MM), are causes of SID. The incidence of hypogammaglobulinemia in CLL in-
creases with disease duration and is present in up to 85% of patients at some point in
their disease course, and severe infections are the major cause of death in 25% to 50%
of patients with CLL.45,46 Infection is also a major cause of morbidity and mortality in
MM.47 Malignancy-associated immunodeficiency with hypogammaglobulinemia is
multifactorial. It involves various pathways of the immune system and is compounded
by the treatment modalities used to manage these diseases. Splenectomy, immuno-
suppressive, antiinflammatory, and biological drugs, as well as underlying medical con-
ditions/complications associated with malignancies, such as cytopenias, cardiac and
pulmonary pathology, protein-losing nephropathy and gastroenteropathy, metabolic
diseases, such as diabetes and uremia, all exponentially magnify SID in these patients.
Identifying patients at risk for serious or recurrent infections secondary to hypogamma-
globulinemia and treating them appropriately and prophylactically play a key role in pre-
venting serious infections, which is a major cause of poor outcomes in patients with
hematologic malignancies. Early vaccination, antiinfection prophylaxis, and replace-
ment immunoglobulin are important preventative components.48

AFTER SOLID ORGAN TRANSPLANTATION

The risk of infection in organ transplant patients is governed by the “the net state of
immunosuppression” and the epidemiologic exposures of the individual.49 Many fac-
tors influence the “net state of immunosuppression,” including type, dose, duration,
and timeline of IST; host factors, such as underlying diseases and comorbidities, cyto-
penias, hypogammaglobulinemia and metabolic problems; the presence of devital-
ized tissues or fluid collections in the transplanted organ; and the presence of
invasive devices and concomitant infection with immunomodulating viruses.50–53

Transplant-associated IST increases the risk of nosocomial, community-acquired,
and donor-derived infections and leads to reactivation and acceleration of latent, re-
sidual, and opportunistic infections. Hypogammaglobulinemia is one of numerous
immunologic manifestations of transplant-associated immunosuppression. Hypo-
gammaglobulinemia and low specific titers to PPSV23 and CMV were demonstrated
to be risk factors for severe bacterial infections and CMV disease in heart transplant
patients.54 As rituximab is increasingly used for prevention and treatment of posttrans-
plant lymphoproliferative disorders55–57 and ABO blood group incompatibility,58,59 the
incidence of hypogammaglobulinemia is likely to increase. Identifying and addressing
pretransplant and IST-related hypogammaglobulinemia along with widely used anti-
microbial prophylaxis may decrease the rate of infections and improve outcomes.

EVALUATION AND MANAGEMENT OF HUMORAL DEFECT IN SECONDARY
IMMUNODEFICIENCIES

Antibody deficiency is characterized not solely by abnormal immunoglobulin levels but
also by the inability to mount primary and/or amnestic protective antibody responses
to vaccinations and infectious antigens. Vaccines typically used by immunologists to
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identify antibody responses are tetanus toxoid and diphtheria toxin, HIB, and polysac-
charide and conjugated pneumococcal (PCV13) vaccines as well as viral (measles,
mumps, rubella, varicella) and neoantigen vaccines, such as 4X174 and KLH.
Although the administration of live viral vaccines is not appropriate in many immuno-
deficient patients, and neoantigen vaccines are not widely available, responses to
tetanus toxoid, HIB, PPSV23, and PCV13 provide useful information in the manage-
ment of patients with SID. B-cell phenotyping may be helpful in identifying patients
with persistent humoral immune dysfunction caused by anti-CD20 therapies alone
or compounded by preexistent immune defect of an underlying disease, such as
PIDD, malignancy, and autoimmune disease.32,60

When evaluating patients with SID, it is also important to remember that autoimmune
and somemonoclonal proliferative diseases often are associated with hypergammaglo-
bulinemia. The normal pretreatment and posttreatment immunoglobulin levels may be
inadequately low for some of these patients, in line with the concept of the biological
trough,61 as characterized in PIDD. Additionally, patients treated with rituximab usually
maintain protective specific antibody levels to the antigens they were exposed to before
the treatment with a B-cell depleting drug, as immunoglobulin-producing plasma cells
lose the CD20 cell surface marker during differentiation. However, these patients may
not be able to mount appropriate responses to new infectious antigens or vaccines
not received before B-cell depleting therapy and are at risk for infectious complications.
Management of SID includes screening for infections before starting immunomodu-

latory agents (for example, hepatitis B, CMV), early vaccinations, antiinfective prophy-
laxis, and replacement immunoglobulin when indicated. Reducing IST and treatment
interruption in patients receiving immunosuppressive biologics should be considered
if new infection develops. Patients with a history of recurrent and/or severe bacterial
infections in the setting of hypogammaglobulinemia, poor responses to vaccinations,
or failure to maintain vaccine titers should have a trial of IGRT to prevent further infec-
tions. Although optimal doses of IGRT in SID have not been established, the typical
starting dosage is 350 to 400 mg/kg/mo (up to 600 mg/kg/mo in patients with bronchi-
ectasis). The dose of intravenous or subcutaneous immunoglobulin should be adjusted
to the lowest effective dose depending on the clinical response. The authors
have adapted suggested protocols for the investigation, monitoring, and management
of antibody failure in patients with CLL for use in patients with SID62 (Fig. 1).
DISCUSSION AND FUTURE DIRECTIONS

SID, specifically hypogammaglobulinemia, is complex and multifactorial, involving mul-
tiple immune pathways. The use of immunomodulatory therapies and HSC or organ
transplantation transformed the lives of countless patients, allowing the significant
chance of a sustainable remission or total cure of a wide variety of diseases that, other-
wise, had grave or fatal prognoses. As we accumulate knowledge and develop a clearer
understanding of the immune mechanisms of the diseases themselves and the medical
interventions that lead to SID, wemust be continuously mindful that we should suspect,
recognize, and treat early the underlying components of SID that can lead to serious,
life-threatening, or fatal infections. It is important to remember that the immunosuppres-
sive effects of medications may occur not only during or immediately after their use but
can alsomanifest months or years after completion of this therapy. Drug-induced immu-
nosuppression may be persistent and require long-term treatment with IGRT. Although
not every patient with hypogammaglobulinemia will develop recurrent or serious infec-
tions, our role as clinicians is to identify patients at risk, as well as symptomatic patients
with antibody deficiencies, and then institute appropriate, timely treatment.



Fig. 1. Suggested protocol for work-up and management of humoral defect in SID. a It is a
clinical decision whether or not to try antibiotic prophylaxis first or to go directly to IGRT.
Patients treated with anti-CD20 agents may have protective preexisting-specific antibody ti-
ters but fail to generate new vaccine responses. (Adapted from Dhalla F, Lucas M, Schuh A,
et al. Antibody deficiency secondary to chronic lymphocytic leukemia: should patients be
treated with prophylactic replacement immunoglobulin? J Clin Immunol 2014;34(3):280;
with permission.)

Secondary Hypogammaglobulinemia 43
The natural history and management of SID vary depending on the causes of SID,
thus, underscoring the need for further studies. For example, the characteristics
and prognosis of SID secondary to lymphoma is different from that of chronic ITP
treated with pulse steroids and rituximab. To differentiate between SID secondary
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to underlying illness and medication-induced immunodeficiency, the authors pro-
posed the term persistent immunodeficiency after treatment with immunomodulatory
drugs.33 Obtaining baseline immunologic studies, such as serum IgG, IgA, IgM levels,
selected specific antibody titers, and, when appropriate, immunophenotyping of
peripheral blood lymphocytes in patients with hematologic malignancies, or before
starting immunomodulatory agents and transplant therapy, is critical to identify a pre-
viously undiagnosed PIDD and help predict whether a given patient is at a higher risk
of developing SID. It will allow clinicians to treat patients promptly, avoid recurrent and
serious infectious complications, and help the development of an accurate prognosis.
New controlled trials are needed to identify risk factors for patients who are likely to
develop symptomatic SID and the efficacy, safety, and cost-effectiveness of the treat-
ment of these patients with prophylactic antimicrobials and IGRT.
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