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Abstract

B-cell chronic lymphocytic leukemia (B-CLL) is the most frequent leukemia in adults in
western countries, it is associated with immune dysfunction at many levels, but humoral
immunodeficiency is the most relevant clinical trait. Hypogammaglobulinemia can be present
at the diagnosis, but it would worsen due to chemotherapy. Immunoglobulin levels are
variable, putting patients at risk of multiple infections. Treatment of hypogammaglobulinemia
consists of antimicrobial prophylaxis, vaccines, and human immunoglobulin G replacement.
We present the case report of a 67 years-old male patient with B-CLL who received three
cycles of fludarabine, cyclophosphamide, and dexamethasone, achieving disease control but
developed hypogammaglobulinemia, causing him recurrent upper respiratory tract infections.
We initiated treatment with Dialyzable leukocyte extract, an immunomodulator derived
from human leukocytes, which has been used for several decades in different immunological
diseases. After 24 months of treatment, the patient’s respiratory infections decreased
Conclusion: Dialyzable leukocyte extract can be effective in controlling recurrent infections in
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patients with CLL-associated hypogammaglobulinemia.
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Introduction

B-cell chronic lymphocytic leukemia (B-CLL) is the most
frequent leukemia in adults in western countries [1]; CLL is
more common in male patients and tends to affect older adults.
This disease is caused by the expansion and accumulation
of monoclonal, phenotypically mature malignant CD5+ B
lymphocytes in the peripheral blood, bone marrow, and lymph
nodes [2].

Most B-CLL lymphocytes are arrested at the GO/G1 phase of
the cell cycle, as demonstrated by Andreeff M et al. (1988) [3].
Furthermore, Kitada S et al. (1998) [4] described that B-CLL
cells have an increased capacity to resist normal apoptotic
signals. Thus, the progressive accumulation of B-CLL cells
could be a consequence of the prolonged survival of these
cells. The International Workshop on CLL guidelines
establishes for diagnosis an absolute clonal lymphocyte
count of 5000 cells/mm3 in peripheral blood for at least three
months. Clonality must be confirmed by cell expression of
surface CD19, CD5, and CD23. The expression of CD20
is generally weak, and the malignant cells are either k or A
light chain restricted [5].

Most patients are asymptomatic at diagnosis; the only sign
is leukocytosis and lymphocytosis found at the routine
laboratory examination. Therefore, CLL does not require
treatment until symptoms develop or the disease progresses,
causing severe cytopenia. The major cause of morbidity and
mortality in these patients is infections. It has been described
that up to 50-60% of deaths are due to infections, mainly
bacterial [6]. They occur due to CCL immune dysfunction and
the immunosuppressive effects of treatment.

A significant clinical peculiarity of CLL is humoral
immunodeficiency. Hypogammaglobulinemia is present at
variable degrees and has been observed in more than 50% of the
patients with CLL [7], but the IgG subclass deficiency has been
reported to be more prevalent. Freeman JA et al. (2013) reported it
in 64.6% ofpatients; however, theyfound no consistentcorrelation
between immunoglobulin levels and the incidence of infection
[8]. More recently, it has been reported that approximately
one-quarter of CLL patients have hypogammaglobulinemia at
diagnosis, but the risk of developing hypogammaglobulinemia in
untreated patients is 11% and 23% at 5 and 10 years, respectively
[9]. The severity of hypogammaglobulinemia depends on the
stage and duration of the disease.
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Other immunologic defects described in CLL patients
are excessive T-cell suppression [10] and abnormality in
complement function. For example, Fust et al. (1985) [11]
found abnormalities in the classical complement pathway
with a reduction in mean C1 and C4 levels in >50% of
patients tested. However, defects in activating the alternative
complement pathway via C3b, which results in the inability to
coat bacteria, are perhaps the most frequent [12].

The most common type of infection in these patients is a
bacterial infection of the paranasal sinuses and respiratory
tract, frequently by encapsulated bacteria; this may be related
to deficiencies in serum IgG2 and 1gG4 1gA [13]. Further, low
levels of specific antibodies against S. pneumoniae, tetanus
toxoid, and diphtheria toxoid have been found in correlation
with hypogammaglobulinemia and the presence of normal
total 1gG [14].

In patients with CLL, reactivation of varicella zoster and
recurrent attacks of herpes simplex virus are not uncommon.
These infections support defective cell-mediated immunity,
but significant reductions in serum 1gG3 have also been
reported [15], which may contribute to the increased risk of
these infections.

There is no treatment consensus in CLL patients with
hypogammaglobulinemia and recurrent infections. The
potential treatment for immunodeficiency includes intravenous
immunoglobulin  (IVIG), antimicrobial prophylaxis, and
vaccination. An early trial reported that using 0.4 g/kg of IVIG
every three weeks for one year significantly reduced mild to
moderate infections but showed no impact on the rate of severe
infections or mortality [16]. More recently, a meta-analysis of
randomized controlled trials concluded a significant decrease
in severe infections and a significant reduction in clinically
documented infections, but no survival benefit could be
demonstrated [17]. Also, the high cost of IVIG limits its use.

There are no clinical trials of prophylactic antimicrobial
agents in CLL. Although, the use of antibiotics to prevent
infections in patients with recurrent sinopulmonary infections
is common in routine clinical practice. Observations come
from prophylactic antimicrobials in patients with low CD4+
T-cell levels, such as acquired immunodeficiency syndrome
(AIDS). CLL patients who received treatment with purine
analogs or alemtuzumab have the highest risk of becoming T-
cell immunodeficient. There are some published antibiotic
prophylaxis recommendations [18].

CLL patients show diminished humoral response to antigen
immunization. In general, antibody responses to vaccines are
weak. Sinisalo M et al. (2001) [19] reported a higher anti-toxoid
antigen response in Binet A stage patients with normal serum
immunoglobulin levels. The responses to polysaccharide
vaccines observed were 50% to the pneumococcal vaccine
and 48% to H. influenzae type b-vaccine in patients with
earlier stages of B-CLL, higher gammaglobulin levels and
total 1gG-levels and 2 and 4 1gG-subclasses [20]. These data
suggest that CLL patients should be vaccinated as soon as the
diagnosis is made (Table 1).

We present a patient with CLL and hypogammaglobulinemia
with recurrent upper respiratory infections who received
human dialyzable leukocyte extract (DLE), a peptide-based
immunomodulator, to diminish recurrent infections.

Case presentation

A 67 vyears-old male patient came for immunology
consultation on December 17, 2019, complaining of recurrent
upper respiratory infections during the past three years. He
was a university teacher with no family history of allergy or
immunodeficiency. He had systemic arterial hypertension
treated with olmesartan/hydrochlorothiazide 40mg/12.5mg
QD. Seven years bhefore, he was diagnosed with CLL and
classified as Rai Il, Binet A stage because he had B symptoms,

Table 1. Laboratory exams.

Date Leukocytes | Lymphocytes | Neutrophils Monocytes

(4,000-11,000)*| (1,500-4,500)* | (2,000-7,500)* |  (200-800)*
13-Jun-12 82,200 75,620 2470 329
16-Aug-12 16,500 2,640 11,715 311
9-Sep-12 5,580 893 3,962 393
9-Jan-13 6,460 646 5,233 581
14-Mar-13 9,110 1,730 6,490 740
18-Jun-13 11,750 1,900 8,590 920
10-Jan-14 5,520 770 2,570 190
19-Jan-15 8,200 3,120 4,260 200
15-Apr-16 13,560 8,360 4,210 710
20-Feb-17 15,990 9,210 5,530 970
12-Jan-18 21,220 16,030 4,150 710
23-Jan-19 23,560 17,410 5,050 850
12-Sep-19 23,370 17,700 4,590 790
11-Nov-19 27,030 22,010 3,880 830
20-Jul-20 33,680 27,950 4,700 860
14-May-21 36,000 30,960 4,000 780
4-Aug-21 46,760 41,350 4,200 900

Hb Platelets Albumin** | Globulin** glogsjtl)il:]nlggt/io**
(13-18 g/dL)**| (150,000-400,000)* (3.2-4.6) (2-4) (1.0-2.5)
16.5 132,000
16.5 139,000 4.8 1.9 25
16.6 138,000 4.7 23 2
17.7 181,000 4.7 25 1.9
17.4 277,000 4.9 2.6 1.9
16.8 194,000 4.6 24 1.9
17.9 163,000 45 25 18
17.3 182,000 4.6 24 1.9
17.8 150,000 5.1 25 2
17.3 149,000 4.8 21 23
16.7 160,000 4.6 22 21
16.9 158,000 4.8 1.9 25
17.1 140,000 4.8 13 37
16.5 152,000 4.6 1.8 25
16.7 118,000 4.6 1.8 25
16.2 114,000 44 1.7 2.6
16.2 127,000 44 1.7 2.6

*Values are presented in cells/mL. (Normal ranges)
** Values are presented in g/dL. (Normal ranges)
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Figure 1. Clinical evolution. Once chemotherapy was administered, globulin levels gradually decreased. After four years, the patient
complained of recurrent respiratory infections. When DLE treatment was initiated, the number of infections decreased. In addition, mild
thrombocytopenia and progressive lymphocytosis after chemotherapy due to persistence of CLL is seen. Lymphocytes and platelets values are
presented in cells/mL. Globulin levels are presented in g/dL.

Table 2. Immunoglobulin values.

Date IgG (540-1822) IgA (101-645) IgM (22-240)
13-Dec-20 473.85 41.95 5.32
14-May-21 447.68 41.45 5.22

Values are presented in mg/dL. (Normal ranges).

mild thrombocytopenia, and hepatomegaly 3cm larger than  (Table 2). After two years of treatment, the immunomodulator
average. In the bone marrow, there were 40% of small and  was stopped. By January 2022 the patient was still respiratory
mature-appearance lymphocytes; by immunophenotyping  infections-free.

analysis, the cells expressed CD19+, CD20+/-, CD23+, and . .

CD5+. In February 2012, he received Fludarabine 50mg QD, Discussion

Cyclophosphamide 500mg QD, and Dexamethasone 40mg  Hypogammaglobulinemia is a common feature in patients
QD, each for 4 days every 21 days for three cycles, bringing  with CLL; it can be present at the moment of diagnosis
the disease under control. Blood count data are summarized  and worsens in more advanced stages of the disease. The
in table 1. major cause of morbidity and mortality in these patients
is infections. Up to 50-60% of deaths are due to infections,
mainly bacterial [6]. They occur due to immune dysfunction
and immunosuppressive effects of treatment.

After chemotherapy treatment, the patient was kept under
control in the Hematology consultation. However, in April
2016, he presented progressive lymphocytosis and mild
thrombocytopenia again. Since then, the patient presented  We presented a clinical case of 67 years-old male with CLL;
recurrent upper respiratory tract infections with 4-5 episodes  he received three chemotherapy cycles going into disease
per year, characterized by pharyngeal pain, general malaise,  control; four years after being treated, the patient developed
and dysphonia, each requiring antimicrobial treatment. The  progressive hypogammaglobulinemia and multiple upper
symptoms appeared coincidentally with a decrease in globulin  respiratory tract infections. We started DLE, a peptide-
levels, which could be caused by hypogammaglobulinemia,  based immunomodulator, which has been used for several
explaining the infection, see (Figure 1). decades in patients with immunodeficiencies, and recurrent
and persistent infections [21]. Interestingly, DLE addition

In the immunology consultation in December 2019, we ¢ L ] . )
improved and diminished respiratory infections.

initiated oral human DLE every 15 days for six months, then
every 21 days for 18 months. After eighteen months, the  There is no specific therapy for immunodeficiency in patients
patient presented only one upper respiratory tract infection. ~ with CLL and hypogammaglobulinemia. 1VIG has some
In December 2020, hypogammaglobulinemia was confirmed benefits but is very expensive. Prophylactic antibiotics have
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specific purposes. Vaccination against infections is generally
ineffective in advanced stages of CLL. Human DLEs, are
heterogeneous mixtures of low-molecular-weight peptides
(<10kDa) obtained from the lysis and dialysis of human
buffy coat. [22] The most abundant peptide in Transferon is
monomeric ubiquitin (mUb) [23]. Several immunoregulatory
properties have been reported for Transferon, such as
differential regulation of the production of TNF-a, IL-6, and
IL-8 cytokines [24, 25]. These immunoregulatory activities
could be explained by the interaction of mUb with their
receptor CXCR4 [23]. In humans, DLEs have been used to treat
recurrent infections and primary immunodeficiencies, such as
Wiskott-Aldrich syndrome, and in sepsis with satisfactory
results and good safety profile and tolerability. [26-28] In this
context, it has been recognized that extracellular ubiquitin has
peptidic sequences with important antimicrobial activity [29].

In this case, the patient showed an acceptable clinical response
when adding DLE, without requiring IVIG or antibiotic
prophylaxis. Although we observed clinical improvement,
there were no changes in immunoglobulin values. Therefore,
the reduction in infections can be attributed to the several
immunoregulatory mechanisms mentioned above that could
activate innate or acquired immune responses.

Finally, this case had several limitations in the clinical
evaluation; for example, the immunoglobulin levels at
diagnosis of CLL and when infections began were not
determined. Additionally, vaccination against pneumococcal
and influenza viruses was not performed. However, this case
teaches us that using an appropriate biotherapeutic product can
offer additional therapeutic support to the patient, favoring the
reduction and control of recurrent respiratory infections.
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