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ABSTRACT

Introduction: Multiple myeloma is a progressive and incurable hematological disease char-
acterized by disordered and clonal multiplication of plasmacytes in the bone marrow. The
main clinical manifestations are caused by the presence of neoplastic cells in bone tissue, as
well as the excessive production of immunoglobulins and normal humoral immunity sup-
pression. Daratumumab is an anti-CD38 monoclonal antibody that has promising results in
managing the multiple myeloma disease.
Objective: This study aimed to investigate the scientific evidence concerning the impact of
the cytomegalovirus infections in the daratumumab treatment course in extensively pre-
treated multiple myeloma patients.
Method: To this end, an integrative literature review was performed in different databases,
comprising a 5-year period.
Results: The studies analysis revealed that the cytomegalovirus infection reactivation can
occur during the use of daratumumab in multiple myeloma patients previously treated,
which led to treatment discontinuation, compromised the drug efficacy and favored the
disease progression. Moreover, it was observed that even with prophylactic antiviral ther-
apy there was an infection reactivation in some cases, as well as deaths, in more severe
situations.
Conclusion: Thus, even considering that few reports on such a topic are available in the
scientific literature, the present review showed that cytomegalovirus reactivation can impair
daratumumab therapy, mainly in multiple myeloma patients heavily pretreated. In addition,
this study could contribute as a tool for the clinical decision and management of adverse
effects in medical practices, demonstrating the importance of patient monitoring for the
possibility of cytomegalovirus reactivation in heavily pretreated myeloma patients.
© 2020 Associacao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published
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Introduction

Multiple myeloma (MM) is an immune system disease charac-
terized as a progressive and incurable hematological neoplasia
of B lymphocytes caused by an unregulated and clonal pro-
liferation of plasmacytes in the bone marrow (BM). These
cells produce and secrete monoclonal immunoglobulin (Ig) or
its fragment, the M-protein.>? Clinical manifestations arise
from the infiltration of neoplastic plasma cells into the organs
(mainly pelvic bones, spine and ribs), excess immunoglobulin
production, kidney injury and suppression of normal humoral
immunity. In the last decade, the MM diagnostic was based
on clinicopathological evidence with severe manifestations
of organ damage, such as osteolytic bone lesions and renal
failure. However, the International Myeloma Working Group
review these criteria and included to existing requirements
some validated biomarkers that can be associated with com-
mon MM symptoms. Thus, the diagnosis of MM should be
made through the assay of excess plasmacytes in BM (about
10%) and bone lesions evaluated by imaging technology, such
as magnetic resonance imaging (MRI) and positron emis-
sion tomography-computed tomography (PET-CT), to identify
the presence of osteolytic bone lesions or osteoporosis with
compression fractures. In addition, the serum quantification
of light immunoglobulin chains that circulate unbound to
heavy chains and renal damage, indicated by a 40% decrease
from the lower limit of the normal glomerular filtration were
also reported. A great number of patients that present these
parameters evolve to MM in a period of approximately 2 years.*

Infections are a significant cause of morbidity and the main
cause of death in MM patients, which is associated with B
cell dysfunction, such as hypogammaglobulinemia, as well
as abnormalities in T, dendritic and NK cells.>® Moreover,
some studies demonstrate the impact that anti-MM thera-
pies have on the patientimmune system, leading to increased
susceptibility to infections and expanding pathogens.>® The
MM therapies have been improved over the past 10 years
and include the combination of alkylating agents (melpha-
lan and cyclophosphamide), protease inhibitors (bortezomib
and carfilzomib) and immunomodulators (lenalidomide and
thalidomide), whether or not associated with corticosteroids
(prednisone and dexamethasone).”® Despite the advances
in MM treatment, almost all patients eventually relapse or
become refractory to drugs, leading to prolonged treatments,
which increases the risk for infections.'*1°

Since some tumor-associated antigens have been identi-
fied in MM cells, immunotherapy is a promising approach
for treatment of MM and relapsed/refractory MM, acting on
repair, stimulation, and/or enhancement of the body’s natural
immune responses to reduce tumor development.'* Dara-
tumumab (Dara) is a monoclonal antibody IG1k that binds
to the CD38 protein, which is significantly expressed on
the MM tumor cell surface. The CD38 is a type II mem-
brane glycoprotein that plays an important role in signaling,
receptor-mediated cell adhesion, regulation of cytoplasmic
calcium flux and enzymatic activity.’®"'® Its action is due to the
induction of tumor cell lysis by complement-dependent cyto-
toxicity, antibody-dependent cell-mediated cytotoxicity and
cellular phagocytosis in CD38-expressing neoplasms and, to

a lesser extent, by inhibition of enzyme activity.’®71%20 The
Daraimmunotherapy was effective as a single agent orin com-
bination with protease inhibitors and immunomodulating
agents against MM in newly diagnosed and relapsed/refractory
patients.'®17,?1 Regarding the adverse effects of this drug, Dara
infusion may trigger anaphylactic reactions, especially in the
first administrations, which demand pre- and post-infusion
patient monitoring.'”-?? In addition, NK, regulatory B- and T
cells also express CD38 on their surfaces, so they may be
decreased during treatment with Dara, which may lead to the
onset or reactivation of infections.'-??

Cytomegalovirus (CMV) is a common pathogen in immuno-
compromised individuals and is associated with morbidity
and mortality in hematopoietic transplant patients.?® In addi-
tion, studies have reported that the use of immunomodulatory
agents and protease inhibitors is a risk factor for the devel-
opment of symptomatic CMV reactivation infection in MM
patients.”® Therefore, considering the relevance of infections
during the treatment of MM patients and the wide use of
Dara as a drug of choice due to its effectiveness, this study
aims to conduct a literature review to find studies presenting
the development or reactivation of CMV infections in patients
receiving Dara and to report the impact of the infections in the
course of the treatment.

Materials and methods

This study consists of an integrative literature review, which
enables the search and analysis of studies already published
on a predefined topic. This method allows the synthesis of
available evidence, which may guide health care interventions
or instigate new research.?#?> The review was achieved by the
following steps: identification of the research theme and elab-
oration of the guiding question, definition of the inclusion and
exclusion criteria, selection of articles by reading the title and
abstract and, subsequently, by reading them in full, collecting
the main information from the selected studies, analysis of the
results obtained and synthesis of the integrative review.?4?

From the theme delimitation, the guiding question was
formulated: “Do cytomegalovirus infections affect the dara-
tumumab treatment course in multiple myeloma patients?”.
The following inclusion criteria were listed: (I) studies address-
ing the issue of the occurrence of CMV infection during the
Dara treatment in MM patients; (II) publications resulting from
original articles, integrative and systematic literature reviews,
case reports, randomized controlled trials and cohort studies
published over the past five years; and (III) studies published in
Portuguese and English. The updated package insert for Dara
was also used as reading material.” Publications that did not
respect the delimitation of the theme and the objective of
the study, resulting from opinions or reflections on articles,
editorials and book chapters, were excluded.

The data were collected from the LILACS (Latin Amer-
ican and Caribbean Health Sciences Literature), PubMed,
Science Direct, Scopus and Web of Science databases.
The search engine search used the terms “daratu-
mumab and cytomegalovirus” and “multiple myeloma
and cytomegalovirus”. The same terms were also used in
the Portuguese language. Initially, articles were selected by
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Total articles identified (n = 436)
LILACS:n=5
PubMed: n = 42
Sicence Direct: n = 197
Scopus: n =135
Web of Sci_ence: n =57

I

Reading the article summary

Reading the full articles

Articles included in the study (n = 4)

Exclusion of articles that do not
address the theme

Exclusion of articles that do not
answer the research question

Figure 1 - Publication selection flowchart.

reading the title and abstract, and after the articles were
eligible, according to the inclusion and exclusion criteria, the
articles were read in full. In total, 436 articles were found with
the keywords used, according to the flowchart presented in
Figure 1. After evaluating the articles regarding the inclusion
and exclusion criteria mentioned for this study, 4 publica-
tions were elected for full reading and the development of
the article discussion. The selected studies were further
classified, based on the methodological design, according
to the level of scientific evidence, following the Melnyk and
Fineout-Overholt (2005) proposal.?®

Results and discussion

The final sample resulted in four publications?’~3° to compose
this integrative review. Data from the publications were ana-
lyzed and characterized in relation to the publication year,
journal in which it was published, study design, level of evi-
dence and main findings, as can be seen in Table 1. The
publications are recent, being from 2018%?% and 2019,?°%° all
of which are case reports on MM patients who had devel-
oped or reactivated CMV infections during the Dara treatment.
Importantly, the total number of patients involved in the four
studies were 40 and 12 of them had a reactivated CMV infec-
tion (Table 1). Furthermore, patients with a reactivated CMV
infection were using Dara to treat relapsed/refractory MM and
all studies reported 2-8 range lines of prior treatment. The
details of the selected studies are described below.

Frerichs et al. (2018) presented a case report showing CMV
reactivation in a 57-year-old female patient with MM, who
was receiving Dara monotherapy. The case is a relapsing
MM, refractory to immunomodulatory agents (thalidomide,
lenalidomide and pomalidomide) and bortezomib and alky-
lating agents (melphalan and cyclophosphamide), as well as
the signaling lymphocytic activation molecule family mem-
ber 7 (SLAMF7)-targeting antibody elotuzumab. The patient

then started, as line 7 of the treatment, Dara at a dose of
lemg/kg and, after two infusions of the drug, episodes of
fever were observed. After several exams for the cause, the
polymerase chain reaction (PCR) test was performed, which
showed the presence of CMV deoxyribonucleic acid (DNA),
indicating a symptomatic infection caused by the reactiva-
tion of the virus in the patient. With antiviral therapeutic
regimen, the patient’s body temperature stabilized, platelet
and hemoglobin levels returned to normal values and the
CMV DNA quantification was below detection limits. Consider-
ing the patient’s extensive MM treatment history, alternative
treatment options were limited and would have all induced
additional immunosuppression. Therefore, Dara therapy was
reestablished and the patient had a good 7-month partial
response, in which the CMV DNA load remained negative.”’
Dara has also been used in combination with other
drugs to increase treatment efficacy, as shown mainly in the
CASTOR (Dara, bortezomib and dexamethasone),>® POLLUX
(Dara, lenalidomide and dexamethasone),>?> ALCYONE (Dara,
bortezomib, melphalan and prednisone)®* and CASSIOPEIA
(Dara, bortezomib, thalidomide and dexamethasone)** stud-
ies. Despite the pharmacological benefits, the anti-MM
treatment regimens can contribute to the patients’ immuno-
suppressive status, once these patients already have increased
susceptibility to infections, as a result of myeloma-induced
immune dysfunction, including impaired T- and NK-cell activ-
ity and decreased polyclonal immunoglobulin production.®?’
Thus, Lavi et al. (2018) presented a case report of
three relapsed/refractory MM patients, who were receiving
immunotherapy with Dara associated with other drugs, and
subsequently developed a severe CMV infection. Patient 1
was a 74-year-old man diagnosed with MM 7 years ago
and previously treated with 7 lines of drugs. At present,
the patient was receiving treatment with the combina-
tion Dara + pomalidomide + dexamethasone. The patient was
hospitalized for diarrhea, fever and neutropenia and the
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Table 1 - Characterization of articles elected for the review.

Author Publication year Journal Study design Level of evidence Clinical findings Total number of
patients/CMV-
infected

1. Frerichsetal. 2018 Clinical Case Report VI CMV reactivation during 1/1

Lymphoma, Dara treatment in
Myeloma and refractory MM patient
Leukemia

2. Lavi et al. 2018 European Journal Case Report VI CMYV infections in MM 3/3

of Hematology patients on Dara
therapy combined with
other drugs

3. Nahi et al. 2019 PLoS ONE Case Report VI Occurrence of infections 23/3

during treatment with
Dara in MM patients

4. Nakagawa 2019 Annals of Case Report VI CMV reactivation during 13/5

etal Hematology Dara treatment in
refractory MM patient

PCR test indicated the presence of CMV in the blood.
Patient 2 was a 64-year-old man who was diagnosed
with MM 4 years ago (4 lines of prior treatment) and
was being treated with Dara + carfilzomib + dexamethasone
as therapy. Patient 3, a 36-year-old male with MM for 6
years (6 lines of prior treatment), undergoing a combined
Dara +bortezomib + dexamethasone + venetclax therapy, was
diagnosed with CMV colitis. In patients 1 and 2, anti-myeloma
therapy was discontinued and, in addition, patient 1 died due
to the severity of the infection.?® The case reports demon-
strated the influence of CMV infections in patients who are in
therapy with Dara for relapsed/refractory MM, which may lead
to treatment interruption and, in more severe cases, cause
patient’s death.

As described in some studies, the European Society
for Clinical Microbiology and the Infectious Disease Study
Group recommend herpes zoster prophylaxis in patients
receiving Dara, however the CMV reactivation has not been
mentioned.>® Nakagawa et al. (2019) conducted a study of 13
patients undergoing MM treatment with Dara, in which five of
them had CMV reactivation. There was no need to discontinue
the Dara treatment during antiviral therapy, but one patient
postponed Dara infusion. The patients received antiviral ther-
apy for 13 days and there were no reports of the development
of serious infections.?® As the Dara infusion should be discon-
tinued if CMV disease develops, it is important to monitor the
disease and perform prophylactic therapy in patients at risk.?

Infections are the major cause of mortality in MM patients.”
It has been reported that after Dara infusion patients show
a decrease in the leukocyte count, which is due to the
CD38 expression in these cells, leaving patients susceptible to
infections.!® Nahi and colleagues conducted a study on 23 MM
patients previously treated with 2-6 lines, who were receiv-
ing Dara monotherapy during the study. Interestingly, nine of
them had viral and/or bacterial infections and of extreme rel-
evance, 3 of these patients revealed a CMV reactivation after
PCR analysis. The first patient was a 65-year-old man who
developed fever and upper respiratory tract infection. The PCR
test showed a CMV loading of 26,000 IU/mL, and Dara was dis-
continued during antiviral treatment with valganciclovir. The
CMV loading decreased to 500IU/mL after ten days and the

patient was restarted on Dara. A second patient with CMV
reactivation, an 82-year-old man, developed liver failure after
receiving two doses of Dara and was hospitalized. The CMV
viral load at admission was 2600IU/mL. The patient died and
the autopsy revealed severe heart failure as a possible cause
of death. The PCR test of the CMV DNA and leukocyte lev-
els showed a significant increase before the CMV reactivation.
The third patient, an 80-year-old man, contracted an upper
respiratory tract infection after the 6th dose of Dara, while
increasing the CMV loading to 800 IU/mL. The respiratory tract
infection was resolved spontaneously two weeks after Dara
withdrawal (without CMV treatment) and the patient can be
restarted on Dara.”

Based on the evaluation of the four studies, it is possi-
ble to note that, for most of the patients, it was necessary
to interrupt the infusion until patient recovery, which may
have compromised the efficacy of the Dara treatment, as well
as caused disease progression.”’—*% In the more severe cases,
the patient died due to the delay in diagnosing viral infection
and the severe state of immunosuppression.?®?° In the stud-
ies conducted by Lavi et al. (2018) and Nakagawa et al. (2019),
Dara was combined with protease inhibitors (bortezomib and
carfilzomib) or immunomodulators (lenalidomide and poma-
lidomide) drugs, plus dexamethasone.?®3° It is known that
bortezomib causes CMV reactivation.?’*® Thus, the combina-
tion of these drugs with Dara can increase the risk of viral
reactivation. However, in the other two studies reported in
this review, the CMV reactivation was observed during treat-
ment with Dara monotherapy.”’-?° In addition, it is relevant
to note that the patients enrolled in the studies were heavily
pretreated, which could have already depressed their immune
systems. Thus, the treatment with immunosuppressive drugs,
followed by replacement treatment with Dara monotherapy,
can cause a cumulative effect on T, as well as NK, cell deple-
tion.

Immunotherapy with Dara may contribute to the immuno-
suppressed status of patients, however, the mechanism
involved is still poorly understood. It is probably due to the
binding to the CD38 protein, expressed on the surface of other
cells, such as NK, B and regulatory T cells.'® These cells are
responsible for playing an important role in the immunolog-
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ical response and are often decreased in patients receiving
Dara infusions, mainly in patients heavily treated with prior
lines, leading to greater susceptibility to infections.® Indeed,
both studies using Dara monotherapy showed a drastic reduc-
tion in CD4* T and NK cells after starting treatment with this
monoclonal antibody. The CD8* T cells remained normal or
increased, leading to a low CD4*/CD8* ratio, which favors the
occurrence of viral reactivations.

Few studies have reported on the CMV infection or reacti-
vation in patients receiving Dara. However, as can be seen in
our review, viral infections have a great impact on the treat-
ment course, as they can be severe if they are uncontrolled.
Thus, it is important that patients on Dara therapy be closely
monitored for the viral load of different pathogens, including
CMYV, especially those who have already received other lines
of treatment with immunosuppressant agents. Moreover, it is
important to work in conjunction with the multi-professional
team on antineoplastic therapy (MTAT) to observe early signs
of CMV infection in patients receiving Dara in order to rapidly
initiate treatment to control the infection and to prevent the
interruption or discontinuation of the anti-myeloma treat-
ment.

Conclusion

Review studies are extremely important in finding data that
can help guide therapeutic approaches and are also useful in
managing adverse effects caused by current treatments that
have not yet been studied. In this sense, it was possible to
observe the impact of CMV infection in MM patients receiving
Dara, which can be discontinued during the antiviral man-
agement and patient recovery. Considering this, our study is
useful to alert clinicians to the possibility of CMV reactivation
in heavily pretreated myeloma patients, who are in treatment
with Dara for relapsed/refractory MM.
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