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Abstract Secondary hypogammaglobulinemia (SHG) is
characterized by a decrease in total serum immunoglobulin
(Ig) levels and can lead to immunodeficiency associated
with recurrent and severe infections and is a common
complication of chronic lymphocytic leukaemia (CLL).
SHG also increases with the treatment of CLL. Ibrutinib is
one of these treatments and acts by inhibiting bruton tyr-
osine kinase. Twenty-seven patients with relapsed/refrac-
tory (R/R) CLL who received ibrutinib monotherapy were
included. IgG levels, stage, bulky disease, previous treat-
ments, genetics and laboratory features, overall survival
(OS) and progression free survival (PFS) were compared
with and without SHG. Nine patients (33.3%) had SHG and
18 patients (66.6%) didn’t have SHG. The mean IgG levels
after ibrutinib treatment first, third, 6th and 12th months
were 684, 531.3, 452 and 360 mg/dL respectively in SHG
arm (p < 0.001) and 1156, 1058.2, 1012.8 and 886.9 mg/
dL respectively in without SHG arm (p < 0.001). All
patients with SHG had ibrutinib related other adverse
effects(AEs) but 2 (11.1%) patients without SHG had AEs
(p < 0.001). In SHG arm 7 (77.7%) had complete and
partial remission but in other arm only 6 (33.3%) had (p:
0.029). There was no significant difference in OS and PFS
(p values 0.95 and 0.64, respectively). IgG levels at the
beginning of ibrutinib treatment is the best predicted value
for SHG development in our study (p = 0.001). As a result,
we reported a significant decrease in IgG values after
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ibrutinib monotherapy in R/R CLL patients. This decrease
occurs every month after ibrutinib use, but after a maxi-
mum of 1 year.
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Introduction

Chronic lymphocytic leukemia (CLL) is the most common
leukemia in adults. CLL cells coexpress the B-cell antigens
CD19, CD20, and CD23 together with CD5 [1]. Infections
are the most important cause of morbidity and mortality in
CLL patients [2]. Approximately 50% of deaths in CLL
patients are caused by infections [3].

Hypogammaglobulinemia (HG) is characterized by a
decrease in total serum immunoglobulin (Ig) levels and can
lead to immunodeficiency associated with recurrent and
severe infections and is a common complication of B-cell
malignancies, such as CLL [4]. In many studies, the fre-
quency of HG development in CLL patients was shown to
be between 20-70% [5, 6]. In a different study, the fre-
quency of HG at the onset of CLL was 25%, and 25% of
CLL patients with normal baseline IgG values subse-
quently developed HG [6].

HG can develop not only during the natural process of
CLL but it can also develop due to CLL treatments. Ibru-
tinib is one of these treatments and acts by inhibiting
Bruton’s tyrosine kinase (BTK). BTK is a non-receptor
tyrosine kinase and plays a very important role in B cell
receptor (BCR) signalling. CLL cells depend on tonic BCR
signaling for tumor expansion and proliferation. Ibrutinib
binds to the cysteine-481 amino acid of the BTK enzyme
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and blocks BCR signalling, induces apoptosis, and inhibits
adhesion of malignant B-cells to microenvironment cells
[7].

In the current guidelines, ibrutinib treatment in CLL
patients is increasingly recommended. At present, ibrutinib
is recommended for both fit and frail patients in the first
and other lines of treatment [8]. The purpose of our study is
to evaluate the development and frequency of secondary
HG (SHG) after ibrutinib, since the most common cause of
mortality and morbidity in CLL is infection.

Materials and Methods

Twenty seven CLL patients were included in this single
center retrospective study. CLL patients who were in
Erciyes University Hematology Department between May
2013 and January 2020 were eligible to be included in this
study in the following cases: (a) they had a diagnosis of
relapsed/refractory (R/R) CLL, (b) they were treated with
ibrutinib monotherapy, (c) they used ibrutinib for at least
1 year, (d) their Eastern Cooperative Oncology Group
(ECOG) performance status was < 2. All information of
the patients were recorded from the patient files and hos-
pital automation system.

All patients received 420 mg oral ibrutinib once daily.
IgG levels were measured at the beginning of ibrutinib
treatment and after first, second, third, sixth, ninth and
twelfth month of ibrutinib treatment. IgG and IgA mea-
surement was performed with Siemens, BN II System
device using the nephelometric method, which is the
measurement of the scattered light intensity at a fixed angle
of 13-24 degrees. Intravenous immunoglobulin(IVIg)
treatment was initiated in patients with frequent infections
and IgG levels below 500 mg/dL. All of our patients with
IgG levels < 500 mg/dL. (n =9, 33.3%) had frequent
infections. Two (22.2%) of the infections were grade 4, 4
(44.4%) were grade 3 and 3 (33.3%) were grade 2. Six
(66.6%) patients required hospitalization and all received
iv antibiotic therapy. Only one (11.1%) patient required iv
antifungal therapy. IVIg treatment was given to all of them,
according to ESMO 2015 criteria [9]. We named this group
of patients as SHG and compared it with those without
SHG.

Age, gender, laboratory features, the follow up time,
bulky disease, types and number of before ibrutinib treat-
ments were compared. As genetic features, del (11q), del
(13q), del (17p) and trisomy 12 were evaluated and
detected by fluorescence in situ hybridization. ECOG
performance status [10] and Cumulative Illness Rating
Scale (CIRS) [11] was used to define performance status
and comorbidities, respectively. Rai system was used for
staging at baseline. For definition of response, relapse and

refractory disease we used International Workshop on
Chronic Lymphocytic Leukemia (IWCLL) 2018 criteria
[1]. In these criteria, patients were categorized as complete
remission (CR), partial remission (PR), progressive disease
(PD) and stable disease (SD). In addition, increased lym-
phocytes alone are not a sign of treatment failure or cannot
be considered PD [1]. Toxicity grading was conducted
according to Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 (U.S. Department of Health
and Human Services, National Institutes of Health National
Cancer Institute).

Our primary objective was to investigate the develop-
ment and frequency of SHG in R/R CLL patients after
ibrutinib monotherapy. Our secondary objectives were to
assess overall survival (OS), progression-free survival
(PFS) and disease response status after ibrutinib
monotherapy. All the patients signed written informed
consent allowing the use of their medical data in clinical
research. This study was approved by Erciyes University
Ethics Committee with the number of 2020/106.

Kolmogorov Smirnov test was used to assess the dis-
tribution of continous variables. Mann Whitney U test was
used to compare nonparametric data; Student t test was
used to compare parametric data. Parametric variables
were expressed as Mean £ SD, non parametric variables
were expressed as Median (Range). Chi-square or Fisher’s
Exact test was used to compare categorical data. Binary
logistic regression analysis was used to detect independent
predictors. ROC curves were produced to assess the opti-
mal predictive capability of baseline independent variables
among dependent outcomes. The data were analysed by
using Statistical Package for the Social Sciences (SPSS) for
Windows computer program (release 25.0; SPSS Inc.,
Chicago, IL, USA). A two tailed p value of less than 0.05
was considered statistically significant in all tests.

Results

Twenty seven patients with R/R CLL were included in our
study. Nine of them (33.3%) had SHG and received IVIg
replacement, 18 of them (66.6%) didn’t have SHG. The
median age of the patients with SHG, 5 of whom (55.5%)
were female, was 61.1 & 9.8 years, while the mean age of
the non-SHG patients, 12 of whom(66.6%) were female,
was 63.06 & 9.2 years (p values 0.62 and 0.41 respec-
tively). Baseline characteristics and laboratory values are
provided in Table 1. The mean IgG level at the beginning
of ibrutinib treatment was 830 mg/dL in the SHG arm,
1304 mg/dL in the without SHG arm (p = 0.004).

All patients underwent serological testing for HBV,
HCV  and  HIV. Trimethoprim/sulfamethoxazole
800/160 mg 3 times a week for Pneumocystis jiroveci
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Table 1 Baseline Demographic characteristics and laboratory values in R/R CLL patients with Ibrutinib monotherapy

CLL patients with secondary
hypogammaglobulinemia

CLL patients without secondary p
hypogammaglobulinemia

Age (years) 61.1 £9.8
WBC (10°/pL) 24 (11.9-87)
Lym (10*/uL) 19.9 (7.9-80)
Neu (10*/uL) 3.9 (1.5-7.1)
Hb (g/dL) 128 £22

PLT (10%/uL) 146.6 + 53.1
LDH(u/L) 297 (154-810)
B,MG (mg/dL) 0.53 (0.42-3.94)
IgG (mg/dL) 830.2 £ 194
Follow up time 77 ( 28-120)

(months)

63.06 + 9.2 0.62"
31.8 (2.7-262) 0.38 m
24.2 (2-243) 0.38 m
4.65 (0.6-25.4) 0.72 m
113 £ 24 0.14
215.7 + 80.1 0.03"
248.5 (179-767) 0.43 m
0.55 (0.24-1.57) 0.57 m
1304 + 425 0.004"
33.5 (16-131) 0.05™

Bold values indicate the p value 0.05 and below is significant

B,MG, beta 2 microglobulin Hb, hemoglobulin; IgG, immunoglobulin G; LDH, lactate dehydrogenase; Lym, lymphocyte; Neu, neutrophil; PLT,

platelet; WBC, white blood cell
"™Mann-Whitney U, ‘Independent Samples T test

Pneumonia prophylaxis and valacyclovir 500 mg daily for
herpetic infections prophylaxis were given to all patients.
Antifungal prophylaxis treatment was not given as it
interacts with ibrutinib via CYP3A.

Bulky disease, Rai stage, ECOG and CIRS are presented
in Table 2. Both groups had similar characteristics in these
regards (p > 0.05 for all). In order to evaluate genetic
characterization, we performed del(17p), del(11q),
del(13q) and trisomy 12 and there was no statistically
significant difference (p values 0.14, 0.54 and 0.25
respectively). Although current guidelines recommend the
IGHV mutation status assessment in every CLL patient [1],
unfortunately we could not perform the IGHV mutation
status in any of our patients since it was not studied in our
clinic.

We evaluated IgG levels after ibrutinib monotherapy.
After first, third, 6th and 12th months, mean IgG levels
were 684, 531.3, 452 and 360.1 mg/dL respectively in
SHG arm (p <0.001) and 1156, 1058.2, 1012.8 and
886.9 mg/dL respectively in without SHG arm (p < 0.001)
(Fig. 1) (Supplemental Table S2). It was observed that IgG
levels decreased significantly in both groups after ibrutinib
treatment.

IgA values were evaluated before initiation of ibrutinib
treatment and one, six, and twelve months after initiation.
The median IgA levels were 55 (23-182), 53 (22-112), 59
(20-85) and, 60 (20-199) mg/dL respectively in SHG arm
and 173.5 (33-751), 152.5 (24-697), 147 (24-765) and,
155 (24-754) mg/dL respectively in without SHG arm
(Supplemental Table S3). In the all patient population, the
median IgA levels were 93 (22-697) at 1 month after
ibrutinib and 104 (20-765) mg/dL at 6th month of ibrutinib
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(r=0.94, p <0.001) and, 108 (20-574) mg / dL at 12th
month (r = 0.876, p = 0.001). Unlike IgG, there was a
significant improvement in IgA at 6 months and 12 months
after ibrutinib started.

Grade 3-4 adverse event (AE)s were observed in 11
(40.7%) of 27 patients. In SHG arm, all of patients had
other ibrutinib related AEs but in other arm only 2 of them
(11.1%) had (p < 0.001). The most common AE is pneu-
monia (Supplemental Table S1). Ibrutinib dose modifica-
tion was performed in 8 (88.8%) patients in the SHG arm
and 2 (11.1%) patients in the without SHG arm
(p < 0.001), a total of 10 (37%) patients. Among 10
patients, 8 (80%) patients received 280 mg/d (2 patients
due to grade 3 neutropenia, 2 patients due to grade 3 rash, 2
patient due to grade 3 diarrhea, 1 patient due to grade 3
trombocytopenia, and 1 patient due to grade 3 atrial fib-
rillation) and 1 (14.3%) patient received 140 mg/d due to
grade 4 trombocytopenia and 1(14.3%) patient discontin-
ued after intracranial hemorrhage. Dose modification was
observed significantly more in the SHG arm. It was thought
that the dose modification was due to the fact that more
other AEs were observed in patients in the SHG arm and
therefore the need for more modification.

One (11.1%) patient had CR in SHG arm but no patient
in the other arm had. Six (33.3%) patients had PR in
without SHG arm, 6 (66.6%) patients had PR in SHG arm.
Eleven (61.1%) patients had SD in without SHG arm. One
(5.5%) had PD in without SHG arm and 2 (22.2%) had PD
in SHG arm. For comparison, CR was combined with PR
and SD was combined with PD. In SHG arm 7 (77.7%) had
CR + PR, in without SHG arm 6 (33.3%) patients had
CR + PR. Two (22.2%) patients had SD + PD in SHG
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Table 2 Demographic characteristics in R/R CLL patients with ibrutinib monotherapy

CLL patients with secondary CLL patients without secondary 4
hypogammaglobulinemia hypogammaglobulinemia
Gender
Female (n,%) 5, 18.5 6, 22.2 0.41°¢
Male (n,%) 4,14.8 12, 44 .4
Bulky disease
<5 cm (n,%) 3, 11.1 13, 48.1 0.053°¢
> 5 cm (n,%) 6,22.2 5, 18.5
Cytogenetics
del(17p) (n) 1 7 0.2¢
del(11q) (n) 1 0.54¢
del(13q) (n) 2 0.25¢
Trisomy 12 (n) - - -
Normal (n) 5 8 0.78°¢
Complex karyotype (n) 1 2 1.0
Initiating ibrutinib treatment
Stage,RAI 1.0¢
1 + 2(n) 5 10
3 + 4(n) 4 8
ECOG 1.0°
0+1 8 16
2 1 2
CIRS 0.44¢
<8 8 16
> 8 1 2
Treatment response” 0.029¢
CR + PR 7 6
SD + PD 2 12
Ibrutinib related Side effects 9/9 2/18 < 0.001°¢
Number of treatments before 0.32°
ibrutinib
1 1 7
2 4
3 4 5
Before Ibrutinib treatments™
Chlorambucil (n) 5 10 1.0
FCR (n) 6 5 0.053
Rituximab-Bendamustin (n) 7 9 0.166
R-CHOP (n) 1 1 1.0
Rituximab (n) 2 6 0.551

Bold values indicate the p value 0.05 and below is significant
*CR, complete remission; PD, progressive disease; PR, partial remission; SD, stable disease

“Novel agents such as bcl-2 inhibitors, 8 phosphoinositide 3-kinase inhibitors and chimeric antigen receptor T cells prior to ibrutinib could not
be used because it is not covered by health insurance system in Turkey

“Chi-square, FCR: fludarabine, cyclophosphamide, rituximab, Fischer exact, "Mann-Whitney U, R-CHOP: rituximab, cyclophosphamide,
doxorubicin, vincristine

arm and 12 (66.6%) had SD + PD in without SHG arm  more frequent in patients with SHG after ibrutinib, but
(p = 0.029) (Table 2). Other ibrutinib related AEs were response to treatment was better.
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Fig. 1 IgG values before and after ibrutinib treatment

SHG patients had significantly lower PLT and IgG
levels at the beginning of ibrutinib treatment and higher
follow up time (p < 0.05 for all, Table 1). However, in
univariate and multivariate regression analysis, no differ-
ence was observed between two groups in PLT (p values
0.051 and 0.761 respectively) (Table 3). In multivariate
analysis, a significant difference was observed for follow-
up time and for the IgG value at the beginning of ibrutinib
treatment (p values 0.004 and 0.001 respectively).

The median overall survival (0S) was
110.5 £ 8.8 months (95% CI 93 to 127.9) in the SHG arm
and 123.4 £+ 7.3 months (95% CI 109 to 137.7) in the
without SHG arm (p = 0.951, log-rank test) (Fig. 2a). The
median  progression  free survival (PFS)  was
62.3 = 11.2 months (95% CI 40.3 to 84.2) in the SHG arm
and 71 + 6.6 months (95% CI 58 to 83.9) in the without
SHG arm (p = 0.637, log-rank test) (Fig. 2b). Three
(11.1%) patients had progression and 2 of them had SHG
and 1 of them had without SHG and all of their treatment
switched to venetoclax.

IgG levels at the beginning of ibrutinib treatment is the
best predicted value for SHG development in multivariate
analysis (p = 0.001), also in ROC- curve analysis
AUC:0.87 £ 0.6 (95% CI 07-1.0), (p = 0.002) (Supple-
mental Figure S1). The cut off value of the IgG level at the
beginning of the ibrutinib treatment is 650 mg/dL and its
negative predictive value is 94.4%.

Discussion

CLL is characterized by immune defects such as SHG, T
and natural killer(NK) cell dysfunction and phagocytic
variances [12]. SHG is one of the most common causes of
immune dysregulation. The frequency of SHG develop-
ment in CLL has been investigated in several studies. In the
study of Shvidel et al., 11% of patients had low IgG levels
[13]. In two different studies, they reported HG in 10% to
44% of previously treated CLL patients [14, 15]. In other
studies, while 25% of the patients diagnosed had SHG, it
was observed that it increased up to 85% during the course
of the disease [2, 3, 6, 16]. In our study, the rate of SHG
was 33.3%.

SHG may develop either due to CLL itself or treatments
used in CLL. Treatments such as anti-CD20 antibodies,
BTK inhibitors and phosphoinositide 3 kinase o inhibitors
have effective results and are increasingly used in CLL, but
can cause SHG [12, 17]. Treatment of CLL has changed
drastically until today, and its registration to these drugs is
why SHG in CLL should be investigated in more detail.

Ibrutinib is an orally bioavailable, irreversible and
selective potent inhibitor of the BTK enzyme [7, 18]. In
both our study and all other studies, ibrutinib treatment has
been shown to have robust efficacy in R / R CLL patients
[19-21]. Ibrutinib can cause SHG due to its mechanism of
action. Some studies have shown that SHG development
does not occur during the use of ibrutinib in CLL patients
[18, 19, 22]. But Sun et al. showed that IgG levels
remained stable in the first 6 months after ibrutinib, but
there was a significant decrease after 1 year, this decrease
deepened in 24 months but remained at similar levels in 24
and 36 months [12]. In our study, the IgG levels decreased
every month after ibrutinib treatment, and this decrease
was profound after 12 months (p < 0.001) (Fig. 1). Unlike
IgG, there was a significant improvement in IgA levels
6 months and 12 months after ibrutinib started, consistent
with other studies [18, 22]. Sun et al. observed an increase
in IgA levels in 45% of patients after 12 months of ibru-
tinib started and in 64% after 24 months [12].

Table 3 Logistic regression
analysis regarding the

Univariate model Multivariate model

development of Secondary OR 95% CI p OR 95% CI P
Hypogammaglobulinemia
Hb 0.737 0.737-1.11  0.147
PLT 1.012 0.97-3.52  0.051 0948 0.949-1.009 0.761
1gG 1.007 1.001-1.01 0.019 1.007 1.001-1.012 0.001
Follow up time 0.96 0.93-0.99 0.024 0952 0.909-0.996  0.004
Number of treatments before ibrutinib ~ 0.602  0.242-1.5 0.276

Hb, hemoglobulin; IgG, immunoglobulin G; PLT, platelet
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Fig. 2 a Overall survival in relapsed/refractory chronic lymphocytic leukaemia patients with ibrutinib monotherapy, b progression free survival
in relapsed/refractory chronic lymphocytic leukaemia with ibrutinib monotherapy. SHG: secondary hypogammaglobulinemia

SHG is very important in CLL patients because it pre-
disposes to infections. Infections are the most important
cause of mortality and morbidity in patients with CLL.
Infections are responsible for 30 to 50% deaths [2, 3]. The
recommended treatments to prevent infection in SHG
include prophylactic antibiotics, vaccination and Ig
replacement [23]. Among these treatments, only Ig
replacement has been shown to reduce major infections in
SHG [24]. In our study, frequent infections decreased in 7
(77.7%) patients after IVIg. IVIg reduces infections with
complement-mediated pathogen effects, toxin opsonization
and inactivation and bactericidal neutralization [25]. IVIg
also has in vivo advantageous immunomodulatory effects
on CLL cells. But the most important problem is the cost of
Ig replacement. IVIg’s cost effectiveness is still contro-
versial. Therefore, when and how IVIg treatment will be
given to CLL patients have been investigated in random-
ized clinical trials [26, 27]. In all of these trails, IVIg has
been shown to significantly reduce the rate of bacterial
infections and prolong the time to the first infection. And
the recommended dose is 0.4 g/ kg/ 3 to 5 weeks. IVIg was
given to our patients with SHG as 0.4 g/kg/4 weeks.

In current studies and guidelines, IVIg treatment is rec-
ommended when there is severe hypogammaglobulinemia
(IgG level below than 400 or 500 mg/dL) and recurrent
infections. We gave IVIg treatment when our patients had
IgG levels below 500 mg/dL and recurrent infections. In
multivariate analysis, the IgG level at the beginning of the
ibrutinib treatment was most effective value in predicting
SHG development (p = 0.001) (Table 3). In a study related to
Rituximab, it was shown that those with low IgG levels at the
beginning of treatment decreased more after the treatment

and had a higher infection rate [28]. In Greek study, IgG
levels were normal during the course of treatment in those
who were normal at baseline [19]. In our study, the cut off
value of at the beginning of the ibrutinib treatment IgG level
was 650 mg/dL in ROC- curve analysis (AUC:0.87 + 0.6
CI 07-1.0, p:0.002) and its negative predictive value was
94.4%. For this reason, it seems more reasonable to start Ig
replacement for patients with R/R CLL who have IgG values
below 650 mg / dL and have recurrent infections when
beginning of the treatment with ibrutinib.

There are some limitations in our study. Due to the
retrospective nature of our study, NK, B and T cells,
antibody production deficits and IgG subclass of all
patients could not be examined. Some studies reported that
the IgG subclass is better at showing the risk of infection
than IgG. Although one study demonstrated that IgG1 and
IgG3 were better at correlating recurrent infection [5],
another study showed that IgG2 and IgG4 were better [29].
On the other hand, there was no correlation between IgG
subclass and infections in some studies [30]. Another our
limitation is that IGVH mutation can’t be examined in our
country. Also, the small number of patients is an our lim-
itation. We think that our report is very promising. How-
ever, since our study is a single center experience, further
large scale multicenter prospective studies are needed.

Conclusion
We reported a significant decrease in IgG values after

ibrutinib monotherapy in patients with R/R CLL. This
decrease occurs every month after the use of ibrutinib, but
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at most after 1 year. Other ibrutinib related AEs were more
frequent in patients with SHG but response rate to treat-
ment is higher in patients with SHG. There was no sig-
nificant difference in OS and PFS between patients with
and without SHG. In patients with R/R CLL, the most
important factor in predicting SHG was the IgG level at the
beginning of treatment. For this reason, it is more reason-
able to initiate Ig replacement and follow up closely in
patients with R/R CLL who have recurrent infections with
IgG values below 650 mg/dL. when starting ibrutinib
treatment.

Supplementary  InformationThe online version contains
supplementary material available at https://doi.org/10.1007/s12288-
021-01466-1.
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