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Abstract

Background Hypogammaglobinemia is a well-recognized complication in chronic lymphocytic leukemia (CLL); however, the
risk factors that lead to this complication after treatment with anti-CD20 monoclonal antibodies are not well understood.
Methods Using the Mayo Clinic CLL database, a retrospective chart review was conducted on patients enrolled between January
1995 and September 2017 who had pre- and post-treatment immunoglobulin values. The relationship between immunoglobulin
values prior to treatment as well as post-treatment with clinical variables and overall survival (OS) was evaluated.
Hypogammaglobinemia was defined as serum immunoglobulin G (IgG) levels <500 mg/dL and evaluated at both baseline
and following treatment. Follow-up hypogammaglobinemia was treated as a time-dependent variable in Cox models.

Results A total of 179 patients met the eligibility criteria, 24 (13%) of whom had hypogammaglobinemia pre-treatment. Patients
with hypogammaglobulinemia prior to treatment were more likely to have higher expression of CD49d (p value = 0.007). There
was no difference in infection risk, other comorbidities, or OS between the pre- and post-treatment hypogammaglobinemia. In the
subset of 155 subjects without hypogammaglobinemia at baseline, 22 developed hypogammaglobinemia. The median time to
hypogammaglobinemia for these subjects was 36.6 months.

Conclusion Hypogammaglobinemia is commonly observed in CLL patients, at baseline as well as with the additional use of anti-
CD20 therapies. The mean time to onset of hypogammaglobinemia after anti-CD20 therapies was 36 months. Time to
hypogammaglobinemia does not significantly differ based on any of the CLL clinical factors studied. The presence of
hypogammaglobinemia did not appear to impact survival or time to infection.
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Introduction

Sameer A. Parikh and Avni Y. Joshi are co-senior authors.

Hypogammaglobulinemia is a common complication of chron-
ic lymphocytic leukemia (CLL). This may affect up to a quarter
of patients diagnosed with CLL. [1, 2] Anti-CD20 monoclonal
antibodies (rituximab, obinutuzumab, and ofatumumab) are ap-
proved for treatment of CLL, either as monotherapy or in com-
bination with conventional chemotherapy (such as fludarabine
and cyclophosphamide) and with novel targeted therapies (such
as ibrutinib and venetoclax). [3] The risk factors for develop-
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ment of hypogammaglobulinemia and the outcomes of CLL
patients treated with anti-CD20 monoclonal antibodies have
not been well described.

Hypogammaglobulinemia may occur secondary to chang-
es in the functioning of the nonmalignant CD5™ B cells or
decreased immunoglobulin synthesis in the setting of CLL.
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[4] Hypogammaglobulinemia can develop in treatment-naive
patients diagnosed with CLL. [1, 5] It is also a well-document-
ed side effect of rituximab when used for malignant and non-
malignant indications [6, 7], although patients with prolonged
hypogammaglobulinemia have been noted to have a decrease
in class-switched memory B cell subsets. [6] Despite this drug’s
use in a broad range of diseases including cancer and rheuma-
tologic conditions along with many off-label uses in other spe-
cialties, there has not been a widespread adoption of immune
monitoring during therapy. [8] In part, this is due to the uncer-
tainty surrounding the exact time to development of
hypogammaglobulinemia following treatment with anti-CD20
monoclonal antibodies. Some studies suggest that this interval
can vary from 6 to 12 months following treatment with rituxi-
mab [9] in rheumatologic indications to multiple years in many
hematologic and oncologic scenarios . [10, 11] Several studies
have indicated the prevalence of hypogammaglobulinemia
among heterogeneous patients with previously treated or un-
treated CLL. [1] However, there remains controversy regarding
the value of hypogammaglobulinemia as an indicator of prog-
nosis among patients receiving anti-CD20 therapies. [1, 12] A
further complicating factor in assessing the etiology of
hypogammaglobulinemia in this patient population includes
the increased incidence of malignancy in patients with common
variable immunodeficiency (CVID), which can present with
hypogammaglobulinemia and recurrent infections and can of-
ten go undiagnosed for up to 8 years. [13—15]

To assess the presence of possible risk factors that may
predispose patients with CLL to development of
hypogammaglobulinemia and whether pre-existing
hypogammaglobinemia affected overall survival, a retro-
spective chart review was conducted using patients en-
rolled in the Mayo Clinic CLL database who had received
treatment with an anti-CD20 monoclonal antibody and
who had pre- and post-treatment immunoglobulin G
(IgG) values available.

Methods

The Mayo Clinic CLL database includes patients with a
diagnosis of CLL who were evaluated in the Division of
Hematology at Mayo Clinic in Rochester, MN, from
January 1, 1995, and acquiesced to use of their records
for research purposes. [16—18] We identified patients from
January 1, 1995, through September 1, 2017, who had
received an anti-CD20 monoclonal antibody as a first-
line therapy and had IgG values available both pre- (within
1 year of start of therapy) and post-therapy. Patients who
also received novel agent therapy in combination with anti-
CD20 therapies in this study were excluded. Patients who
received IVIG therapy during the course of the study were
excluded. Demographic data; pre-existing conditions such
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as autoimmune diseases, diabetes mellitus, inflammatory
bowel disease, autoimmune hemolytic anemia, and prior
receipt of vaccinations including Prevnar 13® and
Pneumovax®; smoking status; and history of structural
lung disease (such as bronchiectasis) were abstracted from
electronic health records. The following infections were
also identified by careful chart review for each patient:
acute sinusitis, pneumonia, bronchitis, sepsis, influenza,
and herpes zoster. Serum IgG values were ascertained clin-
ically via nephelometry (https://www.mayocliniclabs.com/
test-catalog/Overview/8160). The normal serum IgG level
in our Clinical Laboratory Improvement Amendments
(CLIA)-certified laboratory was 767—1590 mg/dL. We
defined hypogammaglobulinemia for our study as serum
IgG level of <500 mg/dL, since this is a clinically
relevant value below which patients are known to have
increased risk of infections [19-21].

Statistical analysis

Chi-square and Fisher’s exact tests were used to compare dis-
crete variables between patients who did and did not have pre-
treatment hypogammaglobulinemia. Continuous variables
were compared using the ¢ test or Kruskal-Wallis test. Pre-
and post-treatment IgG values were compared using a paired
t test. Time to hypogammaglobulinemia was defined as the
time from treatment to the time of the post-treatment IgG test
that showed an IgG level < 500 mg/dL. Time to infection was
defined as the time from the start of treatment to date of in-
fection. Overall survival (OS) was defined as the time from
diagnosis to the date of death. Univariable and multivariable
Cox proportional hazard models were used in time-to-event
analyses, and Kaplan-Meier plots were used to display time to
events. Hypogammaglobulinemia at follow-up was treated as
a time-dependent variable in time-to-event analyses. The log-
rank test was used to compare time-to-event curves. The Fine-
Gray method was used to evaluate competing risk of death in
the time to infection models.

Results
Demographics

One hundred and seventy-nine CLL patients met the criteria
for inclusion in the study. Their median age was 61 years
(range, 27-83 years), and 73% were men. Other baseline char-
acteristics are shown in Table 1, including the types of treat-
ment regimens administered. The median time between first
IgG measurement and last assessment was 9.2 years (95% CI:
8.7-9.8 years).


https://www.mayocliniclabs.com/testatalog/Overview/8160
https://www.mayocliniclabs.com/testatalog/Overview/8160
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Table 1 Characteristics of patient by presence of hypogammaglobulinemia prior to administration of anti-CD20 monoclonal antibody treatment

Pre-treatment IgG Total (N=179)  p value

>500 mg/dL (N=155) <500 mg/dL (N=24)

Pre-treatment IgG <0.00011
N 155 24 179
Median 800.0 388.0 726.0
Range 500.0, 2810.0 179.0, 498.0 179.0, 2810.0

Age at CLL diagnosis 0.751
N 155 24 179
Median 61.0 57.0 61.0
Range 27.0, 83.0 45.0,75.0 27.0, 83.0

Gender, 7 (%) 0.83%
Male 113 (72.9%) 18 (75.0%) 131 (73.2%)

Pre-treated beta-2 microglobulin (pg/mL) 0.431
N 138 24 162
Median 2.7 35 29
Range 1.0, 10.9 1.7,7.9 1.0, 10.9

Baseline B cell count 0.551
N 121 14 135
Median 144 15.0 144
Range 0.5, 501.6 24,1433 0.5,501.6

Rai stage, n (%) 0.18>
Low risk: stage 0 82 (52.9%) 12 (50.0%) 94 (52.5%)
Intermediate risk: stages I-1I 57 (36.8%) 12 (50.0%) 69 (38.5%)
High risk: stages III-IV 16 (10.3%) 0 (0.0%) 16 (8.9%)

ZAP70, n (%) 0.18*
Negative 56 (41.5%) 13 (56.5%) 69 (43.7%)
Positive 79 (58.5%) 10 (43.5%) 89 (56.3%)
Missing 20 1 21

CD38, n (%) 0.60*
Negative 91 (59.9%) 13 (54.2%) 104 (59.1%)
Positive 61 (40.1%) 11 (45.8%) 72 (40.9%)
Missing 3 0 3

CD49d, n (%) 0.007>
Negative 81 (62.8%) 7 (31.8%) 88 (58.3%)
Positive 48 (37.2%) 15 (68.2%) 63 (41.7%)
Missing 26 2 28

FISH category, n (%) 0.15
Normal 28 (19.2%) 8 (33.3%) 36 (21.2%)
Other 3(2.1%) 0 (0.0%) 3 (1.8%)
13¢- 39 (26.7%) 10 (41.7%) 49 (28.8%)
Trisomy 12 34 (23.3%) 4 (16.7%) 38 (22.4%)
11g- 29 (19.9%) 2 (8.3%) 31 (18.2%)
17p- 13 (8.9%) 0 (0.0%) 13 (7.6%)
Missing 9 0 9

IGHV mutation status, 7 (%) 0.87>
Mutated 38 (28.8%) 7 (30.4%) 45 (29.0%)
Unmutated 94 (71.2%) 16 (69.6%) 110 (71.0%)
Missing 23 1 24

CLL-IPI risk score, 1 (%) 0.312
Low risk (0-1) 15 (11.6%) 4 (17.4%) 19 (12.5%)
Intermediate (2-3) 60 (46.5%) 9 (39.1%) 69 (45.4%)
High (4-6) 42 (32.6%) 10 (43.5%) 52 (34.2%)
Very high (7-10) 12 (9.3%) 0 (0.0%) 12 (7.9%)
Missing 26 1 27

Months from CLL diagnosis to first rituximab treatment 0.831
N 155 24 179
Median 20.6 26.5 22.4
Range 0.0, 207.3 0.4, 134.7 0.0, 207.3

Treatment type, n (%) 0.43>
Anti-CD20 monoclonal antibody w/ or w/o steroids 16 (10.3%) 1 (4.2%) 17 (9.5%)
Anti-CD20 monoclonal antibody w/ other monoclonal antibodies 31 (20.0%) 3 (12.5%) 34 (19.0%)
Chemoimmunotherapy 96 (61.9%) 19 (79.2%) 115 (64.2%)
Alkylating agent-based therapy 12 (7.7%) 1 (4.2%) 13 (7.3%)

IgG Change from first IgG 0.11
Median -94.0 —-12.0 —-87.0
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Table 1 (continued)

Pre-treatment IgG Total N=179)  p value
>500 mg/dL (N=155) <500 mg/dL (N=24)
Range —1551.0, 2080.0 —269.0, 462.0 —1551.0, 2080.0
IgG change (change >20 mg/dL) from first IgG 0.09°
Decrease >20 mg/dL 94 (61%) 12 (50%) 106 (59%)
Stable 21 (14%) 1 (4%) 22 (12%)
Increase >20 mg/dL 40 (26%) 11 (46%) 51 (29%)

! Equal variance two-sample ¢ test. > Chi-square p value

CD38, cluster of differentiation 38, cyclic adenosine diphosphate-ribose hydrolase; CD49d, cluster of differentiation 49d, o4 integrin; FISH, fluores-
cence in situ hybridization; IgG, immunoglobulin G; /GHV, immunoglobulin heavy-chain gene; ZAP70, (-associated protein 70

Hypogammaglobulinemia at anti-CD20 monoclonal
antibody initiation

The median serum IgG at baseline was 726 mg/dL (range,
179-2810 mg/dL). Twenty-four (13%) patients had
hypogammaglobulinemia (serum IgG <500 mg/dL) at
baseline. Table 1 shows the differences in baseline charac-
teristics between patients who did and did not have pre-
treatment hypogammaglobulinemia. Patients with
hypogammaglobulinemia were more likely to have higher
expression of CD49d (68% vs 37%, p value: 0.007) com-
pared with those with no hypogammaglobulinemia. There
were no significant differences noted in the remainder of
the CLL characteristics at the pre-treatment time point.
Additionally, there were no significant differences among
patients with and without hypogammaglobulinemia with
respect to other comorbidities including diagnosis of dia-
betes mellitus, autoimmune diseases, inflammatory bowel
disease, autoimmune hemolytic anemia, and prior receipt
of vaccinations including Prevnar 13® and Pneumovax®.

Influence of anti-CD20 therapy on development of
hypogammaglobulinemia

The median time interval between pre-treatment and post-
treatment IgG level was 10.8 months (range, 0.4—
137.4 months). After completion of therapy, 106 (59%) pa-
tients had a decrease in their serum IgG level by at least
20 mg/dL from baseline, 51 (29%) had an increase in serum
IgG level by at least 20 mg/dL from baseline, and 22 (12%)
did not have a change in serum IgG level greater than 20 mg/
dL. Individual changes in serum IgG level are shown in Fig. 1,
showing a statistically significant change in IgG levels before
and after treatment was observed (p value =0.006), with a
mean pre-treatment IgG of 851 mg/dL and a mean post-
treatment IgG of 775 mg/dL. Overall, 38 (21%) patients had
serum IgG levels of <500 mg/dL after therapy was completed.

@ Springer

Among the 155 patients with no hypogammaglobulinemia
prior to CLL therapy, twenty-two patients (14%) developed
hypogammaglobinemia after treatment. The median time to
development of hypogammaglobulinemia after therapy was
36.6 months. Baseline characteristics including age, sex, Rai
stage, CD49d, FISH group, /GHV mutation status, beta-2 mi-
croglobulin level, and ZAP70 did not predict for development
of hypogammaglobulinemia. There was a trend for a higher
risk of hypogammaglobulinemia among patients with a high
expression of CD38 (> 30%), although this did not cross the
threshold of statistical significance (hazard ratio (HR): 2.2;
95% CI1 0.9-5.4; p value: 0.08). Since there was only a mi-
nority of patients who received non-rituximab-based anti-

Change in IgG
paired t-test: p=0.0063
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Fig. 1 Change in IgG levels from baseline and post-treatment
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CD20 monoclonal antibody therapy (such as obinutuzumab or
ofatumumab), we were unable to determine the impact of
different types of anti-CD20 antibody treatments on the risk
of subsequent hypogammaglobulinemia.

Risk of infections and the relationship to
hypogammaglobulinemia

In this cohort, 113 patients developed a total of 323 infections
after therapy. The different types of infections included sinus-
itis (91 episodes, 28% of infections), bronchitis (58 episodes,
18%), pneumonia (131 episodes, 41%), bloodstream infection
(29 episodes, 9%), and influenza (14 episodes, 4%). The me-
dian time to any infection was 56.4 months (95% CI: 47.5—
67.3 months). Of the 113 patients who experienced infections,
41 had a single occurrence of a single infection, 7 had multiple
occurrences of a single infection, 10 had multiple infections
but a single occurrence of each, and 55 had multiple infections
with multiple occurrences of at least one of the infections.
The risk of infection at 1 year was 14% (10-20%), 2 years
was 24% (19-32%), and 3 years was 34% (27—42%). Baseline
hypogammaglobulinemia did not predict for risk of infectious
complications in this cohort of patients (Fig. 2), although the
development of hypogammaglobulinemia after treatment was
associated with an increased risk of infection (HR: 1.68; 95%

CI 1.04-2.69; p value: 0.03). There was also an increased
infection risk by baseline CD49d status.

Overall survival

The median OS of the entire cohort was 13.5 years. This was
not significantly different between patients who had
hypogammaglobulinemia at baseline and those who did not
(13.4 years vs 13.5 years, respectively, p value: 0.96). In uni-
variate models, age> 65 years (HR 2.9; 95% CI 1.8-4.8; p
value <0.001), unmutated /GHV genes (HR: 2.0; 95% CI
1.1-3.7; p value: 0.03), Rai stage (Rai I/Il vs Rai 0 HR: 2.0;
95% CI 1.2-3.3; p value: 0.01, Rai III/IV vs Rai 0 HR: 2.4;
95% CI 1.1-5.5; p value: 0.04), CLL-IPI (high vs low HR: 3.0;
95% CI 1.2-8.1; p value: 0.02, very high vs low HR: 5.4; 95%
CI 1.6-17.9; p value: 0.01), and absolute B cell count (B cells
>10 x 10°/L HR: 2.4; CI 1.2-4.7; p value: 0.01) were all asso-
ciated with a shorter OS (Table 2). The development of therapy-
related hypogammaglobulinemia was not significantly associ-
ated with OS (HR =0.7; 95% CI 0.4-1.2; p value=0.19).
Though there were a number of significant factors in the
univariate analysis, many of the factors are a part of the CLL-
IPI (i.e., age, Rai stage, and /GHV mutation status). Hence, we
only included CLL-IPI and absolute B cell in the multivariable
model; CLL-IPI was not statistically significant, and absolute
B cell count (B cells >10 x 10%/L) approached the threshold of

Fig. 2 Time to infection by pre-
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Table 2 Univariate and

multivariable analyses of overall N Univariate Multivariable
survival
HR (95% CI) p value HR (95% CI) p value

Age <0.001 - -
Age <65 114 ref
Age>65 65 2.9 (1.84.7)
Gender 0.36 - -
Female 48 ref
Male 131 1.3 (0.7-2.1)
Rai stage - -
Low risk: stage 0 94 ref
Intermediate risk: stages -1 69 2.0(1.2-3.2) 0.01
High risk: stages I[II-IV 16 2.4 (1.1-5.5) 0.04
IGHYV mutation status 0.03 - -
Mutated 45 ref
Unmutated 110 2.0(1.1-3.7)
CLL-IPI risk category
Low risk (0-1) 19 ref ref
Intermediate risk (2-3) 69 1.8 (0.7-4.7) 0.23 0.9 (0.3-2.8) 0.90
High risk (4-6) 52 3.0 (1.2-8.1) 0.02 1.5 (0.5-4.6) 0.52
Very high risk (7-10) 12 5.4 (1.6-17.9) 0.006 1.5(0.3-8.4) 0.64
B cell class 0.01 0.06
B cells <10 x 10°/L 51 ref ref
B cells >10 x 10°/L 84 2.4 (1.2-4.7) 2.3(1.0-54)
Baseline hypogammaglobulinemia 0.96 - -
1gG <500 mg/dL 24 1.0 (0.5-2.0)
1gG>500 mg/dL 155 ref
Follow-up hypogammaglobulinemia 0.19 - -
1gG <500 mg/dL 38 0.7 (0.4-1.2)
I1gG>500 mg/dL 141 ref
Post TX infection 0.39 - -
No infection 66 ref
Any infection 113 1.2 (0.8-2.1)

ref, reference; HR, hazard ratio; CI, confidence interval

The CLL-IPI consists of 5 variables including age, serum beta-2 microglobulin, TP53 disruption (CLL FISH 17p
or TP53), IGHV mutation status, and Rai stage. Since age, IGHV mutation status, and Rai stage are already
included in the CLL-IPI, these variables were not assessed in the multivariable model separately, although they
were significant in univariate analyses

statistical significance (HR =2.3; 95% CI 1.0-5.4; p value =
0.06) (Fig. 3).

Discussion

In our retrospective study of CLL patients with initial treat-
ment of anti-CD20 therapy, we evaluated for the presence of
hypogammaglobulinemia, both prior to and after initial treat-
ment. A higher expression of CD49d was found among the 24
patients with pre-treatment hypogammaglobulinemia as
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compared with patients with a normal pre-treatment immuno-
globulin level. After completion of anti-CD20 therapy, 21%
patients had a decrease in their serum IgG level which was less
than 500 mg/dL (hypogammaglobulinemia). Among the 155
patients with normal IgG level prior to treatment, 22 devel-
oped post-treatment hypogammaglobinemia with the median
time of development of hypogammaglobulinemia after thera-
py of 36.6 months. We were not able to find any associations
between the baseline characteristics and development of
hypogammaglobulinemia. The OS of the patients was not
significantly different between patients with and without



J Hematopathol (2020) 13:221-229

227

Fig. 3 a Overall survival of all a
patients (2 = 179). b Overall 100 Events/Total Median (95% Cl)
SurViVal by baseline 721179 13.5(12.5-20.5)
. . + Censor
hypogammaglobulinemia. %
Overall survival is compared
between patients who had
hypogammaglobulinemia (solid) 807
and those who had normal im-
munoglobulin G (dashed) at initi- 204
ation of anti-CD20 monoclonal
antibody treatment
o 60
2
<
-
c 50
(]
o
S
7]
o
40+
30
20+
10 -
0 T T T T
0 5 10 15 20
Time (Years)
Pre-treatment IgG (500 ng/dL cutoff) Events/Total Median (95% Cl)
- <500 mg/dL o4 13.5(11.9-17.9)
——————— >=500 mg/dL 63/155 13.4 (12.5-NE)
Logrank P-value: 0.9593 + Censor
80
70 1
o 60
2
<
£ 50
g +
g —H+ - A
& L et
40 !
30
20
10
0 T T T T
0 5 10 15 20
Time (Years)

pre-treatment hypogammaglobulinemia. A recent publication
by Barmettler et al. looked at overall rituximab use in their
health system, 78% of which were cancer patients and report-
ed worsening hypogammaglobulinemia following rituximab
administration with overall increase in severe infections (from

17.2 to 21.7%) and also showed increased mortality associat-
ed with increasing age, male sex, and severe infectious com-
plications. [8] Our study did not show any association with
overall infections and OS; OS of patients with high Rai risk
and CLL-IPI risk category was lower in our cohort. In
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addition, our definition of hypogammaglobulinemia was
stricter with a cutoff of 500 mg/dL, while Barmettler et al.
used IgG levels less than 600 mg/dL as their cutoff for defin-
ing hypogammaglobulinemia. This result was similar to the
one recent publication by Anderson et al., where they did not
find any associations between low IgG levels and infections,
but noted older age group, high Binet stage, high beta-2 mi-
croglobulin, and IgG deficiency to be associated with shorter
OS. [12] Pre-treatment inflammatory bowel disease (IBD)
was noted in 3 (1.9%) of those with normal IgG at diagnosis.
The presence of pre-existing gastrointestinal disorders was
assessed, as this has been shown to be increased in the
CVID population, and was not found to be associated with
the development of hypogammaglobulinemia. [14]

In our study, there were no significant differences in IgG
levels based on age, sex, beta-2 microglobulin, B cell count,
ZAP70, expression of CD38, or IGHV mutation, as reported
previously by our group. [1] However, higher expression of
CDA49d [1] was noted among patients with pre-treatment
hypogammaglobulinemia. High expression of CD49d inde-
pendently has shown to predict poor survival in patients with
CLL. [22] The precise mechanism by which CD49d expres-
sion influences serum IgG level still remains unclear at this
time.

The mechanism of action for anti-CD20 therapies is be-
lieved to be cell death through direct, complement-dependent,
and antibody-dependent cellular cytotoxicity. [8, 23, 24] B
cell depletion and subsequent normalization require at least
6-9 months or even longer. [25] This, however, can differ
depending on underlying disease pathophysiology (malignan-
cy, autoimmune conditions). In a recent retrospective study
done by Theil et al. [26], ANCA-associated vasculitis treated
with rituximab therapy was found to have long-lasting deple-
tion of B cells causing hypogammaglobulinemia, which may-
be unique to the underlying autoimmune pathophysiology of
this disease. In our study, in patients with normal IgG level
prior to treatment, the median time of development of
hypogammaglobulinemia after therapy was 36.6 months.
This group did show higher risk of infections; hence, aware-
ness of this timeline for the development of post-treatment
hypogammaglobinemia may prompt clinicians to investigate
the development of hypogammaglobinemia in high-risk pa-
tient population, especially with high Rai risk category and
high CLL-IPI risk category.

There are several limitations to our study, including that
this is a retrospective analysis which is subject to sampling
and misclassification bias. In that, differences may exist in
patients who presented to the hospital and had immunoglob-
ulin levels checked, in realm of severity of clinical presenta-
tion and whether this could have prompted clinical evaluation.
Our report is also a single-institution study, and the findings
may not be generalizable. Because of referral nature of prac-
tice at our tertiary care institution, we did not have complete,
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reliable information about all forms of infectious and non-
infectious complications related to hypogammaglobulinemia
in patients. In terms of studying the exact effect of the type of
anti-CD20 agent used, there was only a minority of patients
who received non-rituximab-based anti-CD20 monoclonal
antibody therapy (such as obinutuzumab or ofatumumab);
hence, we were unable to determine the impact of different
types of anti-CD20 antibody treatments on the risk of subse-
quent hypogammaglobulinemia. In addition to these, we had
strict inclusion criteria where we looked for IgG values imme-
diately prior and after the initial treatment but excluded sub-
sequent treatment visits and also patients on IVIG therapy.
This was done to avoid confounding bias from further treat-
ment received by the patients; however, this might have lim-
ited the generalizability of these findings to a broader popula-
tion. Finally, patients with low immunoglobulin levels and
recurrent infections after anti-CD20 therapy may have base-
line subclinical immune dysfunction, including CVID, which
may have been unmasked by anti-CD20 therapies. Finally, we
did not include patients who received novel agent therapy in
combination with anti-CD20 therapies in this study.

In summary, our study shows that CLL patients with
higher expression of CD49d are more likely to have
hypogammaglobulinemia at diagnosis. Comorbidities at base-
line such as history of autoimmune disorders, inflammatory
bowel disease, and diabetes mellitus were not associated with
a higher risk of hypogammaglobulinemia. Among those with
normal immunoglobulin levels at treatment initiation, the me-
dian time to development of hypogammaglobulinemia fol-
lowing anti-CD20 antibody-based therapy was about
36 months, and no baseline factors predicted the development
of hypogammaglobulinemia following treatment. The pres-
ence of hypogammaglobulinemia at baseline and its subse-
quent occurrence after therapy did not seem to impact OS,
but post-treatment hypogammaglobinemia did affect the in-
fection risk.

Our study improves our understanding of timing post-
treatment hypogammaglobinemia and its associated increased
infection risk.
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