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Controversies about immunoglobulin replacement therapy
in HSCT recipients with hypogammaglobulinemia
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The efficacy of immunoglobulin replacement therapy (IgRT) has been demonstrated for primary immune deficiency diseases and
hematological malignancies such as chronic lymphocytic leukemia (CLL) or multiple myeloma with hypogammaglobulinemia. Clinical
development of anti-B cell therapies including a monoclonal antibody, bispecific antibody, or chimeric antigen receptor T-cell therapy
which could result in severe hypogammaglobulinemia accelerates the argument of prophylactic use of IgRT. Clinical guidelines for CLL
describe immunoglobulin administration in patients with a low IgG who have experienced a severe/repeated bacterial infection. The
utility in hematopoietic stem-cell transplantation (HSCT) remains unknown. Although an early randomized trial demonstrated that IgRT
decreased infection risk and transplant-related mortality after HSCT, subsequent clinical trials could not validate the benefit.
Consequently, a meta-analysis did not show the benefit of IgRT in HSCT. Most of the available data derives from matched-related HSCT
using myeloablative regimen, and the impact in haploidentical and cord blood transplantation, or reduced-intensity HSCT remains
unknown. One crucial issue is that no studies exist for patients with only hypogammaglobulinemia after HSCT. Other challenges are
heterogeneous patient characteristics, or immunoglobulin formulation, dosage, schedule, route and duration of IgRT. Without evidence
in HSCT, it would be reasonable to follow the guidelines for other diseases with hypogammaglobulinemia.
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INTRODUCTION

Prognosis in patients who underwent hematopoietic stem-cell
transplantation (HSCT) has improved over the years due to better
disease control and decreased complications related to HSCT [1, 2].
The development of novel antibiotics, antifungal agents, or antiviral
agents results in a lower incidence of relevant infections after HSCT
[3]. However, some infectious diseases remain lethal even in long-
survivors, and further improved supportive therapy is warranted [4].
Hypogammaglobulinemia is a susceptible condition to infection, and
clinical application of immunoglobulin replacement therapy (IgRT) has
been discussed. Without a clear-cut threshold defining hypogamma-
globulinemia, the generally accepted definition is serum IgG levels
below 700 mg/dL [5]. IgRT application has been focused upon with
widespread use of anti-B cell therapy inducing hypogammaglobuli-
nemia [6]. The situation is more complicated in the context of HSCT in
that immune status is influenced by immune reconstitution of various
immune cells, pre-transplant therapies, or posttransplant immuno-
suppressive therapies. We comprehensively summarize the latest
information about IgRT for hypogammaglobulinemia, and describe a
feasible application, especially in HSCT recipients.

CAUSES AND MECHANISMS OF HYPOGAMMAGLOBULINEMIA
A major component of immunoglobulin is IgG, and it has a central
role in protecting against infection through multifactorial actions

such as Fc-mediated antibody-dependent cellular cytotoxicity and
complement-dependent cytotoxicity [6]. IgG deficiency is divided
into primary immunodeficiency (PID) and secondary immunode-
ficiency (SID) [5]. A representative PID is X-linked agammaglobu-
linemia (XLA) harboring pathogenic variants in Bruton’s tyrosine
kinase (BTK) gene [7]. SID accounts for most of the IgG deficiency,
and derives from both primary disease (e.g., chronic lymphocytic
leukemia (CLL) or multiple myeloma (MM)), and anti-cancer
therapy (e.g., anti-B cell monoclonal antibody, genetically engi-
neered chimeric antigen receptor (CAR) T-cell therapy) [6]. In HSCT,
the process is explained by multiple factors including primary
disease, reconstitution of various immune cells, pre-transplant
therapies, or posttransplant immunosuppressive therapies.

CLL and MM are hematologic malignancies more likely to develop
hypogammaglobulinemia. CLL cells could suppress the activity of
normal plasma cells either by cell contact or by deprivation of soluble
factors essential for plasma cell survival [8]. MM cells excessively
produce transforming growth factor-b, an immune-suppressive
cytokine, resulting in inhibition of normal B-cell proliferation and
immunoglobulin production [9]. Additionally, several agents are
associated with drug-induced hypogammaglobulinemia. The well-
known example is an anti-B cell antibody rituximab, and the possible
mechanism of action is total B-cell reduction [6]. According to a study
enrolling 211 patients with B-cell lymphoma who received rituximab,
hypogammaglobulinemia following the administration was detected
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in 39% of the patients with initially normal serum immunoglobulin,
and the incidence of hypogammaglobulinemia with recurrent non-
neutropenic infections was 7% [10]. In a cohort study including over
8500 patients with rituximab, hypogammaglobulinemia (IgG < 600
mg/dL) was observed in 48% before rituximab treatment, and 65%
after rituximab, respectively [11].

CAR T-cell therapy targeting CD19 antigen is a novel therapy for
refractory/relapsed B-cell malignancies, and cell-based gene
therapies such as tisagenlecleucel (tisa-cel) or axicabtagene
ciloleucel (axi-cel) are commercially available in the US or Europe
[12]. This treatment often induces normal B-cell aplasia and
resultant hypogammaglobulinemia through proliferating acti-
vated T-cells, which is considered as possible on-target toxicity
[13]. Wudhikarn et al. reviewed 60 patients with diffuse large B-cell
lymphoma who received anti-CD19 CAR T-cell therapy with either
tisa-cel or axi-cel, and reported that 44% of the patients had
hypogammaglobulinemia (IgG <400 mg/dL) 30 days after treat-
ment, and an additional 38% of the patients at a later time [14].
According to the phase 1 trial of anti-CD19 CAR T-cell therapy in
patients with refractory/relapsed B-cell acute lymphoblastic
leukemia, 83% of the 24 patients whose IgG was measured
at least 30 days after infusion had lower IgG levels (median
415 mg/dL) [15].

CLINICAL DATA OF IGRT IN NON-HSCT SETTING INCLUDING
CoviD-19
(Table 1) The primary purpose for administering IgRT is to reduce
the incidence of infections or serious infections through supplying
immunoglobulin and elevating internal immunoglobulin levels. To
support this rationale, there exists one meta-analysis which
examined the association between trough IgG concentration
and pneumonia incidence in PID patients [16]. This analysis
showed pneumonia incidence declined by 27% with each 100 mg/
dL increment in trough IgG levels. The application of IgRT is
different depending on the type of primary disease as evidenced
by the French PID expert recommendations [17] (Table 2).

Meanwhile, in terms of secondary hypogammaglobulinemia,
the British clinical guidelines for CLL recommend IgRT only when
patients suffer from recurrent or severe infection with encapsu-
lated bacteria and had a serum IgG <500 mg/dL [18] (Table 2).
IgRT is given either intravenously (intravenous immunoglobulin,
IVIG) or subcutaneously (subcutaneous immunoglobulin, SCIG).
Compagno et al. compared the clinical efficacy and toxicity
between IVIG (300 mg/kg given every 4 weeks) and SCIG (75 mg/
kg per week) in 61 patients, and showed that serum IgG trough
level was higher, and incidence of infections and need for
antibiotics were lower in the SCIG group (2.3 vs. 1.8 per patient-
year; 1.8 vs. 1.4 cycles of antibiotics per patient-year, respectively)
[19]. In this study, systemic adverse events such as fever, dyspnea,
headache, or nausea were scarce in the SCIG group, and the
percentage in patients who required premedications was also
lower in the latter (52% vs. 2%). Meanwhile, infusion-site reactions
occurred more frequently in the SCIG group (0% vs. 10%).

A placebo-controlled trial of IVIG (400 mg/kg given every
3 weeks) in 84 patients with CLL who had hypogammaglobuli-
nemia or any infection history clearly demonstrated fewer
bacterial infections in the IVIG group (23 times vs. 42 times, P =
0.01) [20]. Another randomized trial between IVIG and placebo in
82 patients with MM (400 mg/kg given monthly) showed fewer
serious infectious events in the IVIG group (19 in 449 patient-
months vs. 38 per 470 patient-months, P=0.019) [21]. According
to the systematic review and meta-analysis about IVIG in patients
with CLL and MM, IVIG reduced major infections (risk ratio 0.45)
and clinically-documented infections (risk ratio 0.49) [22]. This data
comprehensively suggests the clinical utility of IgRT. Conversely,
routine IgRT is not recommended in all CLL/MM cases, and the
application should be individually considered based on the
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baseline 1gG level or past infection history. The National
Comprehensive Cancer Network (NCCN) Guidelines about MM or
CLL describe IgRT in the setting of recurrent serious infection with
a serum IgG <400 mg/dL or recurrent sinopulmonary infection
with a serum 1gG <500 mg/dL, respectively [23, 24] (Table 2).
Regarding hypogammaglobulinemia induced by CAR T-cell
therapy, Hill et al. propose following application based on serum
IgG level: all patients with IgG <400 mg/dL and those with 1gG >
400 mg/dL in case of serious or recurrent bacterial infection [13].

Under the pandemic of coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), clinical impact of IVIG for the disease is discussed. NCCN
advisory committee give no descriptions about IVIG [25]. Clinical
studies against COVID-19 are conducted worldwide. Shao et al.
showed IVIG from normal human plasma reduced mortality rate at
day 28 in patients with critical COVID-19 (P = 0.014) [26]. However,
phase 3 trial of IVIG for patients with COVID-19-associated acute
respiratory distress syndrome did not prolong ventilation-free
days by day 28 as the primary endpoint (P =0.21) [27]. To expect
more powerful action for SARS-CoV-2, hyperimmune anti-COVID-
19 IVIG (C-IVIG) is under investigation [28]. In a phase /Il
randomized controlled trial of C-IVIG, 50 COVID-19 patients were
enrolled, and randomized into four C-IVIG groups (0.15, 0.20, 0.25,
0.30 g/kg) and standard of care only group [29]. 28-day mortality
rate as a primary endpoint was lower in the C-IVIG group (relative
risk: 0.333 for 0.15 g/kg, 0.5 for 0.20 g/kg, 0.167 for 0.25 g/kg, 0.667
for 0.30g/kg group) than the control group. Regarding con-
valescent plasma, there exist randomized trials enrolling patients
with COVID-19 who received oxygen for respiratory symptom or
patients who suffered from severe COVID-19 pneumonia, respec-
tively [30, 31]. In these trials, convalescent plasma could not
exhibit improved clinical outcomes. Consistently, a systematic
review and meta-analysis including 10 randomized trials did
not show significant clinical benefits (all-cause mortality, length
of hospital stay, or mechanical ventilation use) in convalescent
plasma group [32]. We should consider the possibility
that antibody titter produced against SARS-CoV-2 would be
various among COVID-19 convalescent individuals, which results
in heterogenous efficacy among formulations. Problems con-
cerned with COVID-19 pandemic evoke the role of IgRT in viral
infection.

CURRENT STATUS OF IGRT IN HSCT RECIPIENTS

Along with antibiotics, antifungal agents, antiviral agents, acute
graft-versus-host disease (GVHD) prophylaxis, IgRT for hypogam-
maglobulinemia occupies a relevant position in supportive
therapies for infection. Several outcomes have been tied to
posttransplant hypogammaglobulinemia occurrence. Norlin et al.
retrospectively reported that patients with low IgG level (<400
mg/dL) during the first year after HSCT had lower survival rate
(54% vs. 71%, P = 0.04) and increased transplant-related mortality
(27% vs. 9%, P < 0.01) compared with patients with IgG =400 mg/
dL [33]. In this study, they identified acute GVHD, patient age <30
years, female donor-to-male recipient, not receiving anti-
thymocyte globulin, and GVHD prophylaxis using cyclosporine
and methotrexate are significant factors for posttransplant
hypogammaglobulinemia. A similar study identified lymphoid
malignancy, a history of previous HSCT, mycophenolate mofetil
administration, low pre-transplant IgG level, and grade 2-4 acute
GVHD as the risk factors [34]. Frangoul et al. analyzed the
incidence and risk factors for hypogammaglobulinemia in
pediatric patients and showed that hypogammaglobulinemia
(IgG < 500 mg/dL) was observed in 77% of the patients, with lower
pre-transplant IgG, younger age, malignant disease as a primary
disease, acute GVHD and HSCT from unrelated donors were risk
factors [35]. Notably with such a high prevalence of posttransplant
hypogammaglobulinemia after HSCT, one might consider an
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Table 2. Recommendations about IgRT application based on clinical guidelines.
Guideline HSCT/non-HSCT Suitable candidates for IgRT References
setting
French expert Non-HSCT All PID patients [17]
consensus
UK expert consensus Non-HSCT Patients who suffered from recurrent or severe infection with encapsulated [18]
bacteria and had a serum IgG <500 mg/dI
NCCN Non-HSCT Patients who had recurrent serious infection with a serum IgG <400 mg/d| [23]
NCCN Non-HSCT Patients who had recurrent sinopulmonary infection with a serum IgG <500 mg/ [24]
dl
ASBMT/CBMT HSCT CBT recipients, children who undergo transplantation for inherited or acquired [46]
disorders associated with B-cell deficiency, and chronic GVHD patients with
recurrent sinopulmonary infections
ASBMT HSCT High-risk recipients who undergo unrelated HSCT with 1gG <400 mg/dL [471
NCCN HSCT Allo-recipients who had recurrent infection with a seum IgG <400 mg/dI [48]
European expert HSCT All allo-recipients (particularly patients with low IgG level (<400 mg/dl) or with [50]
consensus GVHD on immunosuppressive treatment)
JSHCT HSCT Allo-recipients with pre-transplant IgG <400 mg/d| or with delayed [51]
immunoglobulin recovery after HSCT
AAAAI HSCT Recipients with I9G <400 mg/dL who had bacteremia or recurrent sinopulmonary [52]

infection

NCCN National Comprehensive Cancer Network, ASBMT American Society for Blood and Marrow Transplantation, CBMT Canadian Blood and Marrow
Transplant, JSHCT Japanese Society for Hematopoietic Cell Transplantation, AAAAI American Academy of Allergy, Asthma and Immunology, HSCT
hematopoietic stem-cell transplantation, IgRT immunoglobulin replacement therapy, PID primary immunodeficiency, CBT cord blood transplant, GVHD graft-

versus-host disease.

appropriate therapeutic intervention in patients with hypogam-
maglobulinemia after HSCT [35].

The application of IgRT on HSCT is still controversial (Table 1).
Limited to cytomegalovirus (CMV) infection as a common
posttransplant complication, a randomized trial in HSCT recipients
showed that IVIG reduced symptomatic CMV infection (21% vs.
46%, P = 0.03) and interstitial pneumonia (18% vs. 46%, P = 0.02)
[36]. Similarly, a meta-analysis exhibited IVIG reduced fatal CMV
infection (risk ratio 0.47), and CMV pneumonia (risk ratio 0.61) [37].
As these studies were published a few decades ago, it should be
noted that the clinical application is different from current practice
where prophylactic use of antiviral agents such as letermovir, and/
or pre-emptive therapy with ganciclovir or foscarnet is utilized.
However, these results suggest the possible positive impact of
IVIG in managing CMV infection after HSCT and patients with
hypogammaglobulinemia and persistent/refractory CMV infection
may be candidates for IgRT after HSCT.

Sullivan et al. conducted a placebo-controlled IVIG trial in 382
HSCT recipients [38]. Regardless of baseline IgG level, patients
were assigned to IVIG (500 mg/kg given weekly to day 90, then
monthly to day 360 after HSCT) or placebo groups. The former
group had lower incidences of grade II-IV GVHD (34% vs. 51%, P =
0.005), non-relapse mortality (30% vs. 46%, P = 0.02), or interstitial
pneumonia in serologic CMV-positive cases (13% vs. 22%, P=
0.02). In addition, the frequency of Gram-negative septicemia and
local infection was lower in the IVIG group (risk ratio 0.38 and 0.74,
respectively) but overall survival (OS) rates were similar between
the two groups. Cordonnier et al. also conducted a placebo-
controlled randomized IVIG trial in 200 HSCT recipients [39]. In this
trial, varying IVIG doses (50 mg/kg, 250 mg/kg or 500 mg/kg) or
placebo were administrated weekly from day —7 to day 100 after
HSCT. This trial excluded patients with pre-transplant hypogam-
maglobulinemia (<400 mg/dL) at the time of randomization.
Cumulative incidences of infection, interstitial pneumonia, GVHD,
and transplantation-related mortality, and OS rates were not
significantly different between the IVIG and placebo groups. The
incidence of severe veno-occlusive disease (VOD)/sinusoidal
obstruction syndrome (SOS) was higher along with increased IVIG

Bone Marrow Transplantation (2022) 57:874 - 880

dose (0% for placebo, 0% for IVIG 50 mg/kg, 4% for IVIG 250 mg/
kg, 11% for IVIG 500 mg/kg; P=0.014). A systematic review and
meta-analysis including 3,934 patients about IgRT in the HSCT
setting did not demonstrate survival benefit [40]. In this study,
risks of acute GVHD and CMV disease were reduced, whereas
those of VOD and disease relapse were elevated. Another
systematic review and meta-analysis including 4,223 patients in
30 studies exhibited no significant differences in OS or clinically-
documented infections [41]. As with the aforementioned analysis,
VOD risk was higher in the IVIG group (risk ratio 2.73). According
to the Cochrane Database of Systematic Reviews for HSCT and
non-HSCT cases, no survival benefit associated with IgRT was
confirmed, whereas a subgroup-analysis with lymphoproliferative
disorders cohort showed a lower incidence of clinically and
microbiologically-documented infection by IVIG (risk ratio 0.49
and 0.71) [42]. Clinical data using SCIG in HSCT are far more
limited compared with IVIG. Pasic et al. administrated SCIG (100
mg/kg/week) for a maximum of 6 months in HSCT recipients
with IgG level <700 mg/dL who had one or more infectious
complications, and compared clinical outcomes including health-
care resource use, patient satisfaction from a questionnaire, and
quality of life with IVIG control cases [43]. While lacking clinical
efficacy, SCIG was advantageous in terms of patient satisfaction
and healthcare costs ($9756 for SCIG vs. $13,780 for IVIG,
P =0.046).

One attractive approach is the IgRT application based on IgG
level monitoring. Howel et al. retrospectively compared clinical
outcomes after HSCT between patients who received routine IVIG
(200 mg/kg weekly) and those who received IVIG when serum IgG
level became below 400 mg/dL [44]. While the incidences of
GVHD, VOD, or documented infections were comparable between
the two groups, total IVIG dosage and the cost were 69409 vs.
1896 g and $924,408 vs. $252,547, respectively. They suggested
that IVIG application according to the individual 1gG level was a
cost-effective approach. Aiming at reducing unnecessary IVIG
usage, a stewardship IVIG program was carried out in the US [45].
In this program, the clinical application of IVIG was limited
to designated two situations: (1) IgG <400 mg/dL following

SPRINGER NATURE
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Past Current status

>

Future

(Position of IgRT on HSCT generally
accepted)

o No recommendation about routine
administration for all HSCT recipients

e No survival benefit
o Inconsistent data about reducing
infection

® Selective use for patients who
suffered from recurrent or severe
infection with low IgG levels (< 400-
600 mg/dl)

(Unrevealed points)

e No randomized trial only for patients
with low IgG levels

e Uncertainty in the optimal
immunoglobulin formulation, dosage,
or route of administration

* Undetermined clinical efficacy in
HLA-haploidentical transplantation or
CBT recipients

e Cost-effective approach about IgRT
application

Fig. 1 Current position of IgRT on HSCT and unrevealed points about the application. IgRT immunoglobulin replacement therapy, HSCT
hematopoietic stem-cell transplantation, HLA human leukocyte antigen, CBT cord blood transplant.

autologous HSCT and CAR T-cell therapy; (2) 1gG < 400 mg/dL with
a history of a bacterial infection within the last 3 months. IVIG
dosage was reduced from 4902 g in 86 patients to 1777 g in 55
patients, and the saved cost was $44,700. In terms of infection
occurrence, this strategy reasonably excluded patients at low risk
from IVIG application, which is considered as cost-beneficial.

Several guidelines describe issue statements about IgRT
(Table 2). American Society for Blood and Marrow Transplantation
(ASBMT) and Canadian Blood and Marrow Transplant Group
statements do not support routine prophylaxis, and refer umbilical
cord blood transplant (CBT) recipients, children who undergo
transplantation for inherited or acquired disorders associated with
B-cell deficiency, and chronic GVHD patients with recurrent
sinopulmonary infections as potential candidates for IgRT [46].
According to 2009 ASBMT guidelines for preventing infectious
complications, routine IVIG for bacterial infection prophylaxis is
not recommended, and high-risk recipients who undergo
unrelated HSCT with IgG <400 mg/dL may be a candidate for
IgRT [47]. Similarly, the latest NCCN Guidelines about prevention
and treatment of cancer-related infections recommend IgRT in
allo-recipients with 1gG <400 mg/dL and recurrent infections.
Meanwhile, patients without such risk factors or autologous
recipients are not applicable to IgRT [48]. According to the long-
term follow-up after HSCT manual by Fred Hutchinson Cancer
Research Center and Seattle Cancer Care Alliance, IgRT is
considered from day 100 through 1-year after HSCT in the
following situations: (1) MM, CLL or low-grade lymphoma patients;
(2) PID patients; (3) patients who underwent HLA-haploidentical
transplantation or CBT under severe hypogammaglobulinemia; (4)
pediatric patients with unrelated donors, or patients with ongoing
infections or chronic GVHD under severe hypogammaglobuline-
mia [49]. HSCT recipients with chronic GVHD beyond 1-year with
recurrent sinopulmonary infections and persistent hypogamma-
globulinemia are also applicable to IgRT. In European expert
consensus about treating secondary IgG deficiency in patients
with hematological malignancy, 83% of the experts agree with the
statement that all patients with allogeneic HSCT are candidates for
IgRT, particularly in patients with low IgG levels (<400 mg/dL) or
with GVHD on immunosuppressive treatment [50]. Consistently,
the Japanese Society for Hematopoietic Cell Transplantation
guidelines do not support routine IgRT for all allo-recipients, and
recommend that IgRT is considered in patients with pre-transplant
IgG < 400 mg/dL or those with delayed immunoglobulin recovery
after HSCT [51]. American Academy of Allergy, Asthma and
Immunology working group has recently issued similar recom-
mendation (not routine use for IgRT, 1gG <400 mg/dL with
bacteremia or recurrent sinopulmonary infection) [52]. To assess
posttransplant immune reconstitution, the guidance suggests CD4+
T-cell count in addition to serum IgG.

SPRINGER NATURE

CONCLUSIONS AND FUTURE DIRECTIONS

Clinical data of IgRT in the HSCT setting are not yet as robust. We
summarized available data about the clinical impact of IgRT
(Fig. 1). In both HSCT and non-HSCT settings, no data has
demonstrated the OS prolongation effect of IgRT [20-22, 37-42].
Randomized trials and meta-analysis for CLL or MM patients in the
non-HSCT setting have revealed that IgRT reduced infectious
events [20-22]. While some studies for HSCT recipients showed
lower infection incidence in patients with IgRT, this result was not
validated in other studies [37-42]. Studies conducted decades ago
showed a significant benefit in the management of CMV with the
use of IgRT. Although CMV management has significantly
changed, IgRT might be beneficial in patients with refractory
CMV infection.

Concerning the clinical impact of IgRT in HSCT, several points
should be elucidated. Firstly, one large limitation in discussing the
application of IgRT on HSCT, is that no trials exist for only patients
with hypogammaglobulinemia, although the benefit of IVIG
should be the largest in patients with hypogammaglobulinemia
after HSCT. Secondary, immunoglobulin formulation, dosage, or
route of administration are heterogenous in respective studies.
Thirdly, most of the clinical data is derived from patients who
underwent matched related HSCT, and clinical efficacy of IgRT for
patients with HLA-haploidentical transplantation or CBT has not
been fully examined. Finally, to develop an effective use of limited
medical resources, a cost-effective approach such as IVIG steward-
ship program is desired [45].
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