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Abstract

The development and regulatory approval of chimeric antigen receptor T cell (CAR-T) therapies 

targeting the B-lineage surface antigen CD19 represents a major milestone in cancer 

immunotherapy. This treatment also results in depletion of normal CD19+ B cells and is 

associated with hypogammaglobulinemia. These on-target, off-tumor toxicities may result in an 

increased risk for infection, particularly for encapsulated bacteria. Data regarding the efficacy and 

cost-effectiveness of prophylactic IgG replacement in CD19-targeted CAR-T cell therapy 

recipients is lacking, and current expert recommendations are extrapolated from the data for 

individuals with primary immune deficiencies. This article reviews CAR-T cell therapies targeting 

B-lineage lymphocytes, associated side effects, and considerations for the approach to 

management of hypogamaglobulinemia in this patient population. Studies are needed to establish 

evidence-based approaches to prophylactic immunoglobulin administration in this context, and 

strategies may differ by patient and CAR-T cell product characteristics.
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1. INTRODUCTION

Harnessing the body’s own immune system to target and specifically kill malignant cells 

while ignoring normal cells has long been a dream for cancer therapy. With the recent 

approval by the United States Food and Drug Administration (FDA) of two chimeric antigen 

receptor (CAR-) T cell products targeting CD 19+ B-lineage neoplasms, we have come 

much closer to achieving this goal. Approvals have been granted for pediatric and young 

adult B cell acute lymphocytic leukemia (ALL; approval for tisagenlecleucel) and adult 

lymphomas (including diffuse large B cell lymphoma, high grade B cell lymphoma, primary 

mediastinal B cell lymphoma, and transformed follicular lymphoma; approval for 

tisagenlecleucel and axicabtagene ciloleucel). However, the current therapeutic agents still 

do not distinguish between malignant B-lineage cells and normal B cells. One result is the 

potential for long term dysfunction of the immune system, which may lead to 

hypogammaglobulinemia and a need to consider antibody replacement therapy. 

Understanding why normal B cells are affected by current CAR-T cell therapies, identifying 

which patients would benefit from antibody replacement therapy, and how to safely and 

effectively administer immunoglobulins are the focus of this review. This journal recently 

published a review of immunoglobulin use in patients with hematologic malignancies and 

hematopoietic cell transplants (HCTs),[1] but the rapidly increasing utilization of CAR-T 

cell therapies warrants this additional focused review and recommendations.

1.1 Background and Historic Perspective

A major step toward adapting T cells to specifically target tumor cells was reported in the 

sentinel 1989 paper by Gross, Waks, and Eshhar, who described creating a gene for a 

chimeric T cell receptor (TCR) and introducing it into cytotoxic T cells.[2] The chimeric 

TCR consisted of the variable regions (VH + VL) of an antibody recognizing the hapten, 

2,4,6-trinitrophenyl (TNP), fused to the C-region segments of the alpha or beta TCR chains. 

The resulting T cell lines demonstrated TNP antigen-specific, non-MHC-restricted 

cytotoxicity and interleukin-2 production.[2] This observation served as the foundation for 

creating cells with the potential to be used as specific anti-cancer immune therapies. Over 

the next 25 years, other investigators built upon this approach, substituting chimeric 

receptors specific for cancer cell surface antigens for the hapten-specific receptor.[3] 

Subsequent versions of antigen-specific T cells incorporated engineered intracellular 

stimulatory domains to improve efficacy. These studies have culminated in the development 

of second and third-generation chimeric antigen receptors (CAR) in which a gene segment 

encoding the variable region of an antibody directed at a tumor cell surface antigen such as 

CD19 is used to provide the extracellular targeting domain. This is fused to the gene 

segment for the transmembrane domain of CD8 or another T cell surface molecule, then one 

or more gene segments encoding intracellular co-stimulatory domains are added to the 

intracellular tail of the CD3-ζ chain.[4] Consequently, when expressed in T cells, this CAR 

provides both “signal 1” and “signal 2” for robust stimulation of the T cells whenever CD19 
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bearing targets (such as B-lineage lymphomas or normal B cells) are encountered. Anti-

CD19 CAR-T cell therapy is an extremely effective, albeit potentialy toxic therapy, which 

has been shown to eradicate disease in some patients with relapsed, treatment-resistant (R/R) 

B-lineage neoplasms. Ideally, the target antigen would be stably expressed at relatively high 

concentrations on the malignant cells but absent on normal cells. Unfortunately, for the 

approved agents targeting CD19, normal CD19+ B cells also become a target

1.2 Clinical Implementation

Development and clinical administration of CAR-T cells is complex and requires multiple 

steps, each of which is associated with some risk to the patient.[5,6] First, adequate numbers 

of patient (autologous) T cells must be collected via an apheresis procedure, and the cells 

must be transduced with a viral vector encoding the CAR molecule so it can be efficiently 

expressed.[5] Further, the genetically modified cells must be expanded many-fold in vitro 
for therapeutic use.[5] After IV administration, the cells must continue to express the 

chimeric receptor, proliferate in vivo, and persist long enough to reach and kill tumor targets, 

ultimately resulting in a clinically-significant and durable anti-tumor response.[5-7] Because 

the cells are highly activated and primed to aggressively attack their targets, administration 

of CAR-T cells is associated with the potential for unique toxicities including cytokine 

release syndrome (CRS) and encephalopathy.[6-8]

A recently published international, multi-center “real world” trial of the first anti-CD19 

CAR-T cell product to be licensed, tisagenlecleucel,[9] illustrates many of the major risks 

associated with the use of B cell targeted CAR-T cell therapies.[10] First, the extent of pre-

existing humoral immune deficits from prior therapy was evident with low peripheral blood 

CD19+ B cell counts in all but one patient before CAR-T cell infusion; and immunogloblin 

(Ig) G (IgG), IgM, and IgA levels that were below normal in 74%, 63%, and 49% of patients 

pre-CAR-T cell infusion. Second, while 165 patients were enrolled in the trial, only 67% 

(111) actually received their gene-modified cells. In 12 patients (7%), the CAR-T cells could 

not be manufactured. Another 30% of the patients discontinued participation in the study 

without receiving CAR-T cells, primarly due to disease progression and death, during the 

interval between collection of patient cells and administration of the CAR-T cells (median, 

54 days). Third, of the 111 patients that received the CAR-T cells, 58% had some degree of 

cytokine release syndrome (CRS), with a median time to onset of 3-4 days after infusion. 

Grade 3 or 4 CRS occurred in 22% of subjects. Neurologic events occurred within the first 8 

weeks after infusion in 21% of patients and were severe in 12%; most neurotoxicity 

occurred concurrently with CRS. Lastly, approximately one third of patients had infections 

early after treatment, with 20% reported as severe Grade 3 or 4 events. Prophylactic IVIG 

was administered to 30% of subjects at local investigator’s discretion prior to CAR-T 

infusion.[10] There was no analysis of an association between IVIG pre-CAR-T infusion 

and subsequent infections.

Despite the complexities and complications, there have been stunning successes reported 

with CD19 targeting CAR-T cell therapies. Initial studies were undertaken in children and 

young adults up to age 25 who were suffering from R/R CD19+ B cell precursor ALL. [11] 

The FDA granted regulatory approval to this product (tisagenlecleucel, Novartis) in this 
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population, as well as in adults with R/R lymphomas, because response rates have been 

highly encouraging in this setting where outcomes are otherwise extremely poor.[9] 

However, severe adverse events due to CRS, neurotoxicity, prolonged and severe B cell 

aplasia, opportunistic infection, and other treatment-related toxicities have been 

considerable.[6-8, 10-12] Furthermore, this ‘personalized’ therapeutic modality has several 

logistical barriers including significant financial cost, extended time required to generate the 

gene-modified cells, and failure to generate a CAR-T cell product in some patients.

[5,6,10,13] This has hindered its widespread use and will need to be overcome to further 

extend its practicability.[4-6,13] The required technical and clinical expertise, cost, and 

potential adverse effects of CAR-T cell therapy have thus far limited its use to highly-

specialized and specifically accredited tertiary care centers treating patients in which other 

therapies, including hematopoietic cell transplant (HCT), have failed. Thus, many patients 

who receive CAR-T cell therapy have already experienced significant toxicity and morbidity 

from their underlying disease and prior treatments.[5-8, 10-12]

1.3 Extending Results Beyond ALL

The initial use of CD19 CAR-T cell therapy to treat ALL in children and young adults has 

been expanded to include adult lymphomas (including diffuse large B cell lymphoma, high 

grade B cell lymphoma, primary mediastinal B cell lymphoma, and transformed follicular 

lymphoma) with R/R disease after at least two types of conventional therapies. These trials 

have also been successful, and the FDA subsequently approved both tisagenlecleucel and 

axicabtagene ciloleucel (Kite Pharmaceuticals) for use in this group of diseases.[14,15] At 

present, many investigators are developing other CAR constructs which extend the target 

beyond CD19+ lymphoid malignancies to include other specific epitopes such as CD22 and 

CD30 for Hodgkin lymphoma[16,17] and B cell maturation antigen (BCMA) for R/R 

multiple myeloma.[18,19] BCMA is expressed on essentially all myeloma cells,[18] and the 

early reports of BCMA-targeted CAR-T cell therapy for refractory multiple myeloma have 

been promising. While CD19 is expressed on earlier lineage B cells and declines on fully 

differentiated plasma cells,[20] BCMA is selectively expressed by plasma cells. Thus, 

BCMA-targetd therapies may result in substantial deficits in pre-existing pathogen-specific 

immunity through the destruction of long-lived plasma cells.[20-25] Other groups have 

begun forays into treating advanced, acute myeloid leukemias by targeting CD33, CD123, 

CLL-1 and other antigens.[26,27] The future is encouraging given the numerous single- and 

multi-institutional trials designed to refine the ideal cell dose and product composition. This 

work includes targeting immune therapy to simultaneously recognize multiple epitope 

targets (dual specificity), methodologies dedicated to regulate in vivo CAR-T cell activity 

(i.e. “on” and “off” signals) to minimize off-target toxicities, and the design and execution of 

combination trials that incorporate checkpoint inhibitors and/or other novel therapies (e.g. 

ibrutinib) to minimize resistance to CAR-T cell mediated killing.[28,29] Finally, 

investigators are endeavoring to develop “off-the-shelf products that may significantly 

overcome many of the logistical drawbacks of present CAR-T cell therapies.[30,31] These 

efforts suggest that CAR-T cell therapy will continue to dramatically improve in efficacy 

and implementation, but it is likely that normal cells sharing expression of the targeted 

tumor antigen will continue to be victims of ‘collateral damage’ referred to as on-target, off-

tumor toxicity.
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This review focuses on CAR-T cells targeting B-lineage malignancies. Newer CAR-T cell 

constructs recognizing solid tumors and other types of malignant cells are unlikely to have 

the same toxicity to normal B cells and effects on antibody production as the currently 

licensed products.

2. CD19 CAR-T CELL AND CD19+ B CELL KINETICS, 

HYPOGAMMAGLOBULINEMIA, AND INFECTIONS FOLLOWING CAR-T 

CELL THERAPY

2.1 CD19 CAR-T Cell and CD19+ B Cell Kinetics after CD19 CAR-T Cell Therapy:

Current CD19 CAR-T cell therapies for B cell ALL and lymphomas also target normal 

CD19+ B lymphocytes through on-target, off-tumor effects. CAR-T cells are a ‘living’ drug, 

and as such, can survive in treated patients for years after infusion.[11,32-36] While this is 

likely beneficial for maintaining durable responses, it may result in persistent CD19+ B cell 

aplasia with possible risk for reduced humoral immunocompetence and infection. In the 

ALL cohort reported by Maude et al in 2014 including 25 children and 5 adults, all had 

prolonged CD19+ B cell aplasia after CD19-CAR-T cell therapy.[11] In a subsequent report 

from the University of Pennsylvania and Children’s Hospital of Philadelphia, Bhoj et al 

reported that 16 adults and children had CD19+ B cell aplasia persisting for a mean of 571 

days following CAR-T cell therapy.[37] In the series reported by Hill et al, 116 of 118 

evaluated adult patients with ALL, CLL, or lymphoma had endogenous B cell depletion (< 

0.01% CD19+B cells in peripheral blood) within 28 days.[12] However, CD19+B cells can 

recover, and 17 (21%) of 82 evaluable patients in this study had CD19+B cell detection in 

peripheral blood by day 90.[12] In a series of adults with DLBCL treated with 

tisagenlecleucel, polyclonal B-cell recovery was sustained in 8 (50%) of 16 patients with 

complete responses, and the median time to onset of sustained B-cell recovery was 6.7 

months (range, 0.3 to 12 months).[15] In a trial of adults treated with axicabtagene for large 

B cell lymphomas, 6 (17%) of the 35 assessable patients with ongoing responses had 

detectable B cells in their blood by 3 months after infusion, 20 (61%) of 33 assessable 

patients had detectable B cells at 9 months, and 24 (75%) of 32 assessable patients had 

detectable B cells at 24 months.[38] Similar findings have been reported in patients with 

even longer sustained complete responses of up to 4 years.[39] These data suggest that 

durable responses in adults with lymphoma do not require long-term persistence of 

functional CAR-T cells, which may allow for recovery of CD19+ B cells.

2.2 Hypogammaglobulinemia after CD19 CAR-T Cell Therapy:

Reported rates of hypogammaglobulinemia vary widely after CD19 CAR-T cell therapies in 

part due to variable definitions, replacement strategies, follow up duration, age, and 

underlying diseases. These data also do not account for the rate of hypogammablobulinemia 

that preceded CD19 CAR-T cell therapy. Children with fewer established plasma cell clones 

producing specific antibodies might be more susceptible to developing 

hypogammaglobulinemia and/or specific antibody deficiency following CAR-T cell therapy 

than adults (who may have been ‘boosted’ by re-infection or re-vaccination).[40,41] In the 

registration trial of tisagenlecleucel for children with ALL, 43% developed 
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hypogammaglobulinemia. In contrast, the incidence of post-CAR-T cell 

hypogammaglobulinemia was 14% and 15% in studies of tisagenlecleucel and axicabtagene 

in adults with DLBCL, respectively. This discrepancy is consistent with the understanding of 

plasma cell development in young vs mature animals and on antibody titers in children vs 

adults with HIV infection. [41-43] In a study of adults with CLL treated with 

tisagenlecleucel, all 8 (57%) of 14 participants with a complete response developed 

hypogammaglobulinemia managed with supplemental IgG.[44] A summary of the 

proportion of patients receiving IgG replacement in pivotal CAR-T cell therapy trials for 

tisagenlecleucel and axicabtagene is presented in Table 1.

It is important to note that although CD19 expression begins on early pre-B cells and 

persists throughout B cell selection and maturation, CD19 expression declines as B cells 

terminally differentiate into CD138+ CD38+ plasma cells.[45] These findings suggest that 

some memory antibody responses may persist even if all CD19+ cells are eradicated. It is 

likely that these cells reside in the spleen, lymph nodes and other tissues, and thus would not 

be evaluable in the peripheral circulation.[37,45,46] In patients treated with anti-CD20 

(rituximab) therapy, pre-existing specific IgG titers to vaccine antigens may be maintained 

with little change after B cell depletion, although de novo responses to vaccinations are 

reduced.[47] It has been proposed that humoral immunity relies on heterogeneous 

populations of plasma cells with complementary functions and different dynamics-one set 

representing plasmablasts which have recently differentiated from memory B cells and 

which have transient survival, and another subset which are resistant to apoptosis and 

survive in the bone marrow, providing a long-term baseline level of specific antibody.

[46,48,49] These CD19-negative plasma cells may provide a varying degree of long-term 

humoral immunity and are likely resistant to killing by anti-CD19 CAR-T cells.

As proof-of-concept, data from one study of pathogen-specific IgG levels after treatment 

with CD19 CAR-T cells demonstrate stable levels of pathogen-specific IgG in 2 adults 

despite development of prolonged B cell aplasia as determined by flow cytometry of 

peripheral blood and decreasing total IgG levels after CAR-T therapy.[37] Other studies 

have demonstrated that terminally differentiated B cells can produce substantial total IgG 

without generating antibodies to specific pathogens.[48,49] Interestingly, in 10 adults with 

durable responses who were not receiving supplemental IgG after treatement with 

tisagenlecleucel, increased levels of IgG, IgM, and IgA were demonstrated in 4, 6, and 3 

patients, respectively, by ≥ 6 months after CAR-T cell infusion.[15] This occured despite 

molecular evidence of CAR-T cell persistence. Thus, the direct role of CD19-CAR-T cell 

therapy on the development of subsequent hypogammaglobulinemia remains incompletely 

understood, and measurement of peripheral blood B cell counts should not be used as the 

sole determinant of humoral immune competence or the need for immunoglobulin 

replacement therapy. It is also important to note that up to half of patients with hematologic 

malignancies who are treated with CD19 CAR-T cells have had prior HCT without 

completion of subsequent vaccinations, which are required to reestablish immunity to 

vaccine-preventable infections and generate a stable, diverse population of antigen-specific 

plasma cells.[50,51] As such, they may begin CAR-T cell therapy with a limited plasma cell 

and antibody repertoire.
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2.3 Infections and IgG Supplementation Following CD19 CAR-T Cell Therapy

A summary of infectious adverse events in CAR-T cell therapy trials for for tisagenlecleucel 

and axicabtagene is presented in Table 1. In the first year of follow up post-CAR-T cell 

infusion in the pivotal trial using axicabtagene in adults with lymphoma, any infection 

occurred in 41 (38%) of 108 patients, and 23% of these were ≥ Grade 3.[52] Grade 3 or 

higher infections with an unspecified pathogen occurred in 16% of patients, bacterial 

infections in 9%, and viral infections in 4%. Febrile neutropenia was observed in 36% of 

patients but overlapped with the presentation of CRS. In the second year of followup, an 

additional three Grade 3 infections were reported.[38] In the pivotal trial for tisagenlecleucel 

for children or young adults with ALL, Grade 3 and 4 infections occurred in 21% and 3% of 

patients, respectively, within 8 weeks postinfusion.[9] Grade 3 and 4 febrile neutropenia 

occurred in 32% and 4% of patients, respectively, within 8 weeks postinfusion. Among all 

patients treated with tisagenlecleucel for ALL and lymphomas, infections occurred in 95 

(55%) of 174 patients, and 58 (33%) patients experienced Grade ≥3 infections. Fatal 

infections occurred in 2 (3%) patients with ALL. The package inserts for both products 

comment on the risk for reactivation of hepaptitis B virus, which can be severe in patients 

treated with B cell targeted drugs,[53] although there are no reported cases to date after 

CD19 CAR-T cell therapy.

Three studies have performed more in-depth analyses of specific infection events and risk 

factors in patients receiving other CD19 CAR-T cell products. Hill et al reported data from 

133 adults with a median age of 54 years who had R/R ALL, CLL or NHL.[12] Before 

initiating CD19 CAR-T cell therapy, patients had received a median of 4 treatment regimens 

and 38% had received an autologous or allogeneic HCT. Even prior to lymphodepletion 

preparative therapy, most of the patients already had significant immunosuppression: 26% 

had serum IgG < 400 mg/dL, 13% had absolute neutrophil count (ANC) < 500/μL, and 80% 

had < 200 lymphocytes/μL. In the first 28 days after CAR-T treatment, 22 patients (17%) 

developed 24 bacterial infections, including 12 bacteremias, of which 4 were resistant gram 

negatives. Thirteen viral infections (primarily respiratory viral infections) occurred in 11 

patients and 6 invasive fungal infections occurred in 4 patients. Infections were more 

common in subjects with ALL. Between days 29 and 90, infections were less frequent 

overall, with 23 infections in 17 (14%) of 119 evaluable patients, including 13 viral 

infections and 8 bacterial infections, 4 with bacteremia. Overall, 41% of infections in the 

first 90 days after CD19 CAR-T therapy were considered severe, and 6% life-threatening.

[12] In a survey of infectious complications in 53 adults with ALL who received 

CD19CAR-T cell therapy at Memorial Sloan Kettering Cancer Center, Park et al reported 

that 22 (42%) experienced 26 infections within 30 days of receiving the CAR-T cells. 

Seventeen of these were bacterial and 5 were viral, the remainder were fungal.[54] Three 

patients (5.7%) died of infection-related causes. In 10 (31%) of 32 patients in whom 

complete remission was achieved, 15 infections developed between days 31 and 180; the 

majority of these late infections were due to respiratory viruses. In both of these studies, 

higher severity CRS was associated with an increased risk of infection (hazard ratio [HR] of 

2.67, P=0.05 in patients with CRS ≥ grade 3), and in particular, bacteremia (HR= 19.97, 

P<0.001).[12,54] In a study of 83 children and young adults treated with CD19 CAR-T cells 

for ALL, 33 patients (40%) had 37 infections within 28 days after CAR-T cell infusion.[55] 
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Infections consisted of 20 bacterial infections, 16 viral infections (primarily due to 

respiratory viruses), and 1 fungal infection with invasive pulmonary Mucormycosis. Similar 

to other studies, infections were less frequent beyond the first 28 days after CAR-T cell 

infusion.

The cause of infections after CD19 CAR-T cell therapy is almost certainly multifactorial. In 

the above studies, infections were more frequent in the early period after CAR-T cell 

therapy, which likely reflects factors including antecedent immunodeficiencies due to the 

effects of the underlying malignancies and prior cytotoxic treatments. The lymphodepletion 

chemotherapy administered immediately before CAR-T cell infusion may also cause 

cytopenias and damage mucosal barriers. Furthermore, the specific lymphodepletion 

regimen (e.g. inclusion of fludarabine versus non-fludarabine based regimens) may affect 

the duration of cytopenias and the incidence of infections and hypogammaglobulinemia. The 

development of CRS and neurotoxicity often requires management in the intensive care unit, 

which is associated with its own risk of infection. Patients with higher grade CRS may 

require treatment with corticosteroids and/or tocilizumab, a humanized IL-6 receptor 

monoclonal antibody, both of which may increase infection risk.[38,56] A study by Hay and 

colleagues demonstrated that severe CRS is characterized by endothelial activation with 

increased angiopoietin-2 and von Willebrand factor in the blood.[57] Thus, it is plausible 

that CRS-induced endothelial damage might initiate or facilitate infectious processes.[58] 

Whether depletion of normal CD19+ B cells and hypogammaglobulinemia contribute to the 

early-onset infections is not clear, but invasive bacterial infections, bacteremia and an 

increased incidence of viral respiratory infections are hallmarks of primary antibody 

deficiencies.[59,60] Systematic studies of total and pathogen-specific IgG before and after 

CAR-T cell therapies, placebo-controlled trials of IgG replacement in this population, and 

vaccination strategies have not been performed to date. Antimicrobial prophylaxis regimens 

may also have a role in preventing infections after CD19 CAR-T cell therapy. American and 

European guidelines, adapted from the autologous HCT setting, were recently published.[6]

3. INDICATIONS FOR AND ADMINISTRATION OF IgG REPLACEMENT 

THERAPY

The indications for prophylactically replacing IgG in the context of CAR-T therapies are 

controversial given the absence of data from randomized clinical trials. Although the 

available data are limited and difficult to compare given differences in patient popultions and 

CAR-T cell products, there are no striking differences in the incidence and spectrum of 

infections despite a variety of institutional or clinical trial guidelines for IgG replacement 

therapy (Table 1). In light of this, there remains equipoise in IgG replacement strategies, 

ranging from replacement only in patients with severe or recurrent infections to replacement 

in any patient with IgG <400 mg/dL.[61,62] The recent ASBMT Choosing Wisely initiative 

recommends against routine IVIG after HCT based on the conclusions of systematic reviews 

and meta-analyses suggesting limited benefit and the possibility of an increased risk of 

sinusoidal obstructive syndrome.[62] Other informative resources published within the last 5 

years include several expert consensus guidelines for the diagnosis and management of 

primary humoral immune deficiencies [59,60,63] and a review of the use of IgG in children 
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with ALL in a large health system.[64] A recent article in Blood Reviews applies the 

principles of management of primary immune deficiencies to secondary immune 

deficiencies occurring in the context of hematologic malignancies and/or HCT.[1] We 

suggest that these can also be adapted for patients who are undergoing CAR-T cell therapy 

targeting B cell antigens. Since data are lacking and evidence-based guidelines are not yet 

available, the goal of this manuscript is to provide pragmatic recommendations given the 

current state of knowledge in the field.

A practical algorithm based on readily available lab tests and the patient’s history is 

presented in Figure 1. At a minimum, we recommend screening for serum IgG prior to, and 

in the first 3 months post-CAR-T cell therapy for B cell malignancies. In the absence of data 

for the efficacy and cost-effectiveness of prophylactic IgG after CD19-targeted CAR-T cell 

therapies, we recommend consideration of prophylactic IgG in patients with IgG ≤400 mg/dl 

immediately prior to and during the first 3 months after CAR-T cell infusion. Beyond that 

time frame, we recommend consideration of IgG replacement in patients with continued 

severe hypogammaglobulinemia (IgG ≤400 mg/dL) AND serious, persistent, or recurrent 

bacterial infections, particularly of the sinopulmonary tract. These recommendations are 

based on data supporting the efficacy of IgG replacement in patients with severe 

hypogammaglobulinemia in other contexts (e.g. primary immunodeficiencies, after solid 

organ or hematopoietic cell transplant, and other B cell malignancies).[59-66]. In patients 

with moderate hypogammaglobulinemia, defined as serum IgG > 400 mg/dL but < 600 

mg/dL (or the lower limit of normal for age), AND serious or recurrent bacterial or viral 

infections plus additional risk factors such as cytopenias, IgG replacement may be 

considered given that antibody deficiency is more readily correctable than other immune 

deficits. Specific antibody titers and vaccine responses may help risk-stratify patients and the 

need for prophylactic IgG.[1,47,59,60,63]

3.1 IgG Preparations

Although patients with B cell lymphopenia due to targeted depletion therapy and/or B cell 

aplasia due to CD19 CAR-T therapy may be deficient in any or all immunoglobulin classes, 

only IgG can be practically replaced. All IgG preparations available in the U.S. are made 

from 10,000 to 50,000 units of plasma obtained only from U.S. sources supervised by the 

FDA.[67] Donors are carefully screened and must have negative serologic and nucleic acid-

based tests for potential blood-borne infectious agents including Hepatitis A, B and C, HIV 

and Parvovirus B19. Each unit of plasma is then held until the same individual gives a 

subsequent donation which also must test negatively before the previous unit can be used for 

manufacturing. Intermediate pools are also subjected to nucleic acid-based testing to verify 

the absence of potential viral pathogens. Although processes used by different manufacturers 

differ, all begin with an initial step of precipitation with cold ethanol, which itself can 

disrupt and/or partition many viruses.[67,68] This step is followed by additional maneuvers 

of precipitation with alcohols or fatty acids, or treatment with solvent-detergent mixtures, 

which disrupt the lipids of enveloped viruses. The coat proteins of non-enveloped viruses are 

disrupted by treatment at pH4 or pasteurization (prolonged heating to 60°C). At least two 

distinct viral inactivation and/or removal steps are used by all manufacturers. The efficacy of 

viral and prion removal/inactivation by these dedicated safety steps, as well as the 
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purification procedures, are validated by studies with model animal viruses,[67-69] and all 

preparations are subjected to nanofiltration (pore size 15 nm). Viral safety steps in current 

usage have been shown to remove/inactivate recently emergent viruses such as Zika and 

West Nile,[70] and there are no known transmission of HIV or any other blood-borne 

infection by any currently marketed product.

Although all products currently marketed in the U.S. contained highly purified (≥ 95%) IgG, 

the content of IgA, other trace proteins, excipients and stabilizers varies in different products 

and may change over time. Some products contain particular sugars or specific amino acids 

as stabilizers, which must be avoided by certain individual patients. The prescribing 

information for the individual product to be used for any given patient should be carefully 

reviewed before it is actually administered. Readers are directed to frequently updated 

compendia for comparisons of the characteristics and contents of the various IgG products 

available.[71,72]

3.2 Adverse effects of IgG and precautions during infusion

Most adverse effects (AEs) of IgG infusions are transient, infusion-related symptoms which 

do not have long-term sequelae, but a few potentially serious AEs do stand out.[73-75] The 

only absolute contradictions to IgG therapy are a history of anaphylactic or severe systemic 

reaction to the administration of human immune globulin, and IgA-deficiency with known 

antibodies to IgA and a history of hypersensitivity reactions to IgA containing products. IgA 

deficiency by itself is not a contraindication to the use of intravenous (IV) or subcutaneous 

(SC) IgG, but caution should be used.[76] All IgG products in the US carry a “black box” 

warning about risks of thrombosis, renal dysfunction, and acute renal failure. For patients at 

risk of thrombosis, renal dysfunction, or renal failure, IVIG should be administered at the 

minimum dose and infusion rate that is feasible. Further, one must ensure adequate 

hydration in patients before administration, and the recipient should be monitored for signs 

and symptoms of thrombosis. Blood viscosity should be assessed in patients at risk for 

hyperviscosity, for example due to paraproteinemia. Renal dysfunction and acute renal 

failure have occurred more commonly with IVIG products containing sucrose; however, this 

sugar has been eliminated from most currently available products in the U.S.[77] Glycine or 

proline are currently the most commonly used stabilizers, but some preparations still contain 

glucose, maltose or sorbitol.[71,72] Some patients, particularly those receiving high dose 

IVIG for autoimmune disease, and with blood groups other than O, may develop transient, 

mild hemolytic anemia due to the actions of isoagglutinins present in the normal plasma 

from which the pooled IgG products are produced.[78,79] This is rarely clinically 

significant, but if necessary, can be avoided by the use of preparations from which the 

isoagglutinins have been reduced by immunoaffinity chromatography.[80]

In contrast to these rare, but potentially life-threatening AEs, IV infusion-related AEs are 

relatively common, accompanying up to 40% of infusions.[73-75] Headache is the most 

common but other symptoms may include musculoskeletal pain, chest tightness, nausea, 

flushing, tachycardia, dyspnea and a sense of anxiety. Mild pyrexia is also common. These 

symptoms are more common when a patient is first started on IVIG therapy and/or first 

receives a new brand of IVIG.[74,81] Although the combination of tachycardia, flushing, 
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and dyspnea often suggest anaphylaxis, true IgE mediated hypersensitivity is extremely rare. 

Careful monitoring of the vital signs in patients experiencing these symptoms often reveals 

elevation of the blood pressure rather than hypotension which would accompany true 

anaphylaxis. These reactions are therefore termed anaphylactoid. They are frequently related 

to the rate of IgG infusion and often ameliorated by temporarily stopping or slowing the 

infusion rate. In most cases, reactions can be avoided by beginning the infusions slowly 

(0.01 mg/kg/min of 10% IVIG, 1 mg/kg/min) and increasing the rate stepwise at 15-30 

minute intervals as tolerated, with frequent monitoring of the patient’s status and vital signs. 

Different products may have different maximum infusion rates recommended in their 

labeling, but in general 0.08 ml of 10% IgG solution /kg/min (8 mg/kg/min of IgG) should 

not be exceeded. Once this rate is achieved, the average infusion of 400 mg/kg can usually 

be completed within an hour. Infusion-related symptoms such as those described here can be 

prevented or treated with NSAIDs, anti-histamines and/or corticosteroids. Given the 

possibility that corticosteroids may affect the function of CAR-T cells, corticosteroids 

should be avoided when possible in this setting. An important distinction between these 

infusion rate-related symptoms and true anaphylaxis or other forms of immunologic 

hypersensitivity is that they frequently become less severe with repeated exposure to the 

same product.

3.3 Practical Considerations

Practical considerations and recommendations for safe delivery of IgG therapy are discussed 

in expert consensus statements and other recent publications.[59,60,63,81] Usual starting 

doses for IgG replacement therapy are in the range of 400-800 mg/kg every 3-4 weeks 

intravenously or 100-200 mg/kg/week subcutaneously. IV dosing, which is usually given by 

trained medical professionals, is repeated every 3-4 weeks in most cases. Subcutaneous 

dosing is usually repeated weekly, although the total dose may be divided into smaller 

fractions which are given more frequently.[82,83] The IV route generally results in very high 

peak serum IgG levels, which drop rapidly as the IgG distributes into the total extracellular 

fluid space, then more slowly with a catabolic half-life of 22-28 days (Figure 2A).[83] 

Headache and other infusion-related adverse events described above may accompany the 

high post-infusion peak, and inadequate serum IgG levels may occur toward the end of long 

dosing intervals. In contrast, fractionating the monthly dose into biweekly, weekly or more 

frequent increments given subcutaneously results in more even, steady-state IgG levels 

(Figure 2B).[82,83] When IgG is infused into the subcutaneous tissue, it is slowly absorbed 

into the circulation over 2-3 days. This slow rate of systemic absorption is associated with 

decreased infusion-related systemic adverse events.[82-85] Swelling and redness at the 

infusion sites, sometimes with an itching or burning sensation, is common-especially when 

patients are begun on SCIG, but rarely are sufficiently bothersome to interfere with therapy. 

Patients may be given an initial dose of IVIG in the hospital, then switched to self-

administered SC therapy at home, if desired. If initiating therapy by the SC route, a “loading 

regimen” may be considered in which the weekly dose is given five times on consecutive 

days. This strategy may be used to rapidly bring the patient’s IgG level to > 400 mg/dLd 

(Figure 2C).[86]
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Pooled analyses of data on hundreds of patients from multiple primary immune deficiency 

licensing trials shows that higher IgG doses result in higher serum levels and increased 

freedom from infection.[87,88] However, studies of individual patients suggest that each 

may require individualized adjustment of level to remain free from infection.[89,90] The 

patient’s clinical condition, rather than an arbitrary “target” blood level, should be used to 

guide therapy and judge the adequacy of the dose/frequency of administration. Nevertheless, 

a target level of 400 mg/dL is widely considered a minimal “trough” level which should be 

maintained. Many patients receiving IVIG at 4 week intervals complain that they feel the 

effects of their IVIG “wearing off” before the next dose is due.[91] Additionally, studies 

have shown that patients’ overall feeling of wellness decreases and the probability of 

infection increases towards the end of their IVIG treatment cycles.[92] Patients who 

experience increased fatigue, flu-like symptoms and/or frank infections toward the end of 

their dosing interval may benefit from a higher total IgG dose, a shorter dosing interval, or a 

switch to subcutaneous administration.

Finally, cost and access are additional important consideration when administering IgG 

products. Monthly doses of IVIG may cost as much as $5,000-$10,000 per infusion in North 

America.[93,94] Insurance coverage is not always guaranteed, and clinicians in other 

countries may have difficulty accessing IgG products.

3.4 Monitoring and Duration of IgG Replacement Therapy

The primary indicator of adequate dosing of IgG replacement therapy is a reduction in the 

signs and symptoms of serious and/or recurrent infection. The patient’s exposure history, 

particularly to school-aged children and/or dormitory type settings, should be considered in 

distinguishing repeated simple infections (i.e. of the upper respiratory tract) from chronic, 

more deep-seated infections such as chronic sinusitis. Similarly, recurrent cough due to 

multiple minor respiratory infections should be distinguished from chronic bronchitis and/or 

bronchiectasis. Examination of the sputum and radiography, including CT scans of the 

sinuses and high resolution (thin slice) CT scans of the chest, may be helpful.[95]

In patients who are free from signs and symptoms of persistent or recurrent infections, 

laboratory studies and vaccine responses may help determine if the patient has sufficient B 

cell function to warrant a trial off IgG replacement therapy, as illustrated in Figure 3. 

Recovery of peripheral blood CD19+ or CD20+ B cell counts, as assessed by flow 

cytometry, is likely an important metric. Normalization of serum IgG, IgA, and IgM will 

also help to determine if normal B cell function is present/returning. When considering a 

transition off supplemental IgG, the treatment intervals can be lengthened with continued 

monitoring of serum IgG to confirm maintenance above 400 mg/dL. If IgG levels remain > 

400 mg/dL for more than 3 months, further testing could include measurement of specific 

antibody titers to previously administered vaccines or newly administered vaccines. In 

patients continuing IgG replacement, challenge with test antigens to which normal human 

IgG preparations lack antibodies, such as bacteriophage ΦX-174 or Salmonella typhimurium 

polysaccharide vaccine, may be used to assess humoral immune competence,[47,96,97] 

although these may not be broadly available to many providers.
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4. SUMMARY AND FUTURE CONSIDERATIONS

CAR-T cell immunotherapy has proven remarkably effective in patients with R/R B cell 

malignancies. Despite the technical obstacles in producing and administering individualized 

cellular therapies, and the toxicities experienced by many patients, regulatory approval and 

commercialization are likely to lead to a rapid increase in the use of this treatment modality. 

Currently available CAR-T cell therapies have on-target off-tumor activity against normal B 

cells that results in CD19+ B cell depletion, and many of these patients have pre- and post-

CAR-T cell therapy hypogammaglobulinemia. Because the CAR-T cells may proliferate and 

survive in vivo, this B cell aplasia and gaps in humoral immunity may persist as a long-term 

problem. The incidence of infection, especially in the first 28 days after CAR-T cell therapy, 

is relatively high. This is unquestionably a multifactorial problem, but antibody deficiency 

may be an important contributor. We recommend that IgG replacement be considered pre- 

and post-CAR-T cell therapy in patients with severe hypogammaglobulinemia, particularly 

in the context of serious or recurrent bacterial infections. However, there are no data 

supporting the benefit of IgG after CAR-T cell therapies, and IgG products are costly and 

have side effects that warrant consideration. As a conservative approach, we recommend 

consideration of prophylactic IgG prior to and for 3 months after CAR-T cell infusion in 

patients with severe hypogammaglobulinemia (IgG ≤ 400 mg/dL). In patients with moderate 

hypogammaglobulinemia (IgG > 400 mg/dL to 600 mg/dL or the lower-limit of normal for 

age), we recommend considering IgG replacement in the setting of severe or recurrent 

infections. In patients with prolonged B cell aplasia but normal IgG levels, IgG 

supplementation could be considered if there are repeated or severe infections and evidence 

of functional humoral immune dysfunction (i.e. poor responses to vaccines). In many cases, 

it may be possible to safely discontinue prophylactic IgG as pre-existing plasma cells may 

persist and some B cell recovery is likely. Monitoring for infections and laboratory 

correlates of humoral immune competence, including total IgG, IgM, and IgA; pathogen-

specific antibody levels; B cell recovery; and vaccine responses will help identify patients 

who may benefit from IgG replacement. Randomized controlled studies of IgG replacement 

strategies, as well as studies of immune reconstitution, seroprotection to vaccine-preventable 

infections, and vaccine responsiveness after CAR-T cell immunotherapies will be critical to 

refine infection prevention strategies in this rapidly growing patient population.
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5.

PRACTICE POINTS

1. Anti-CD19 CAR-T cell therapy is often associated with B cell aplasia and 

hypogammaglobulinemia, which may persist for years. However, polyclonal 

B cell recovery has been demonstrated in patients with durable complete 

remissions. [Data Based]

2. The serum total IgG level should be checked prior to and at monthly intervals 

after CAR-T cell therapy for at least 3 months. If the serum IgG is ≤ 400 

mg/dL, IgG replacement should be considered, particularly in patients with 

severe or recurrent bacterial infections. Beyond the first 3 months after CAR-

T cell infusion, we recommend IgG supplementation in patients with IgG 

≤400 mg/dL AND serious, persistent, or recurrent bacterial infections. 

[Expert Opinion]

3. Severe cytokine release syndrome (≥ grade 3) is associated with increased risk 

for subsequent infections. [Data Based]

4. Peripheral blood B cell counts, quantitative immunoglobulins, specific 

antibody titers, history of infection, and vaccine responses may be helpful in 

determining how long IgG replacement therapy should be continued. [Expert 

Opinion]
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6.

RESEARCH AGENDA

1. Measurement of serum IgG levels at the time infection is diagnosed in 

patients who are candidates for or recipients of CAR-T cells will help define 

the contribution of hypogammaglobulinemia to the risk of infection in these 

patients.

2. Randomized, placebo-controlled, blinded trials of IgG therapy will be 

important to determine whether prophylactic IgG is beneficial and cost-

effective in CAR-T cell therapy recipients.

3. Determination of quantitative immunoglobulins, specific antibody titers, 

responses to vaccines and test antigens such as the polysaccharide S. 

typhimurium vaccine and capsid proteins of bacteriophage ΦX-174 in patients 

with prolonged peripheral blood B cell depletion may guide criteria for 

discontinuing IgG replacement therapy.
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Figure 1. Algorithm for determining need to initiate IgG replacement therapy in the first 3 
months after receiving anti-CD19 CAR-T cell therapy.
Beyond the first 3 months after CAR-T cell infusion, we recommend IgG supplementation 

in patients with IgG ≤400 mg/dL AND serious, persistent, or recurrent bacterial infections.
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Figure 2. Serum IgG concentrations over time by intravenous versus subcutaneous routes of 
administration.
A) Serum IgG concentrations in a patient with X-linked agammaglobulinemia who received 

a single infusion of ~400 mg/kg of 5% IVIG. The horizontal line shows the average 

concentration. Adapted from Berger et al, Clin Immunol (2004) 112(1):1-7.

B) Serum IgG concentration of the same patient in panel A while receiving ~160 mg/kg of 

16% IgG subcutaneously every 7 days. Adapted from Berger et al, Clin Immunol (2004) 

112(1):1-7.

C) Mean serum IgG levels (+/− the standard deviation of median individual levels) in 18 

previously untreated patients with primary immunodeficiencies given 100 mg/kg 

subcutaneous IgG for 5 days (days 1-5) followed by 100 mg/kg/week. 7 patients had IgG 

>500 mg/dL by day 7. Adapted from Borte et al, J Clin Immunol (2011) 31:952-961.
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Fig 3. 
Algorithm for evaluating continuing need for IgG replacement.
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Table 1.

Summary of IgG replacement and infections in CAR-T cell therapy trials for tisagenlecleucel and 

axicabtagene.

CAR-T cell therapy
pivotal trials

Product IgG replacement
recommendations

Proportion of
patients
receiving any
IgG replacement

Infections,
≥ Grade 3

Pediatric and young adult 
ALL

 •Maude et al, 2014 [11] 

Single center, N = 30
a

Kymriah (CTL019/
tisagenlecleucel)

To maintain IgG levels > 500 mg/dL 100% None reported with up 
to 12 months follow 
up

 • Maude et al, 2018 [9] 
Multi-center, N = 75

Kymriah (CTL019/
tisagenlecleucel)

According to local guidelines. ‘Most’ Data not reported

Adult lymphomas

 • Schuster et al, 2017 [15] 
Single center, N = 28

Kymriah (CTL019/
tisagenlecleucel)

For clinically significant 
hypogammaglobulinemia, defined 
as systemic infection plus low IgG 
(level not stated)

64% 8 events by a median 
follow up of 28.6 
months

 • Neelapu et al, 2017 [52] 
Locke et all, 2019 [38] Multi-
center, N = 108

Yescarta 
(axicabtagene 
ciloleucel)

Maintain trough IgG level >400 
mg/dL, especially in the setting of 
infection.

31% overall; 8% 
between CAR-T 
cell infusion and 
first hospital 
discharge; 17 (44%) 
of 39 patients with 
ongoing response

28% of patients by 2 
years

 • Shuster et al, 2019 [10]
Multi-center, N = 111

Kymriah (CTL019/
tisagenlecleucel)

According to local guidelines. Not reported 20% of patients by a 
median of 14 months 
(20% of patients 
within ≤8 weeks, 18% 
after >8 weeks)

a
25 pediatric and young adult patients plus 5 adult patients.
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