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Abstract

Background: Daratumumab, pomalidomide, and dexamethasone
(DPd) is an effective option for treatment of patients with relapsed/
refractory multiple myeloma (RRMM). In this study, we sought to
analyze the risk of hematological and non-hematological toxicities in
patients who responded to DPd treatment.

Methods: We analyzed 97 patients with RRMM who were treated
with DPd between January 2015 and June 2022. The patients and
disease characteristics, as well as safety and efficacy outcomes were
summarized as descriptive analysis.

Results: The overall response rate for the entire group was 74% (n =
72). The most common grade III/IV hematological toxicities in those
who responded to treatment were neutropenia (79%), leukopenia
(65%), lymphopenia (56%), anemia (18%), and thrombocytopenia
(8%). The most common grade III/IV non-hematological toxicities
were pneumonia (17%) and peripheral neuropathy (8%). The inci-
dence of dose reduction/interruption was 76% (55/72), which was
due to hematological toxicity in 73% of the cases. The most common
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reason for discontinuing treatment was disease progression in 61%
(44 out of 72 patients).

Conclusions: Our study revealed that patients who respond to DPd
are at high risk of dose reduction or treatment interruption because of
hematological toxicity, typically due to neutropenia and leukopenia
leading to increased risk of hospitalization and pneumonia.

Keywords: Relapsed multiple myeloma; Daratumumab; Pomalido-
mide; Hematologic toxicity

Introduction

With several new drug approvals and evolving chemoimmuno-
therapy combinations, the treatment landscape of relapsed/re-
fractory multiple myeloma (RRMM) is becoming increasingly
complex. Several classes of drugs are currently considered ef-
fective in treating RRMM, including anti-CD38 monoclonal
antibodies, proteasome inhibitors (PIs), immunomodulatory
drugs (IMiDs), and have significantly prolonged survival in
patients with MM [1]. Despite all these advances in the treat-
ment landscape of RRMM, the disease remains incurable [2].
The pattern of resistance to first-line triplet or quadruplet
therapy serves as a guide when considering options for second-
line treatment. Several factors must be taken into considera-
tion including prior autologous hematopoietic stem cell trans-
plantation (auto-HSCT), refractoriness to IMiDs and/or PlIs,
and use of anti-CD38 monoclonal antibodies in their first-line
treatment. Pomalidomide is a second-generation IMiD that
was initially approved in combination with low-dose dexa-
methasone by the Food and Drug Administration (FDA) in
2013 [3]. Pomalidomide exhibits several antitumor activities
in terms of immunomodulatory response, marrow stroma in-
teraction, activation of proteasomal degradation pathways, and
anti-angiogenic activity [4]. These characteristics have made
pomalidomide an effective foundation for combined use with
other classes of drugs in MM treatment. In several phase II
and III trials, pomalidomide has been combined with PIs such
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as bortezomib (VPd) [5] and carfilzomib (KPd) [6] as well as
with anti-CD38 monoclonal antibodies such as daratumumab
(DPd) and isatuximab (Isa-Pd) [7]. These combinations are
also listed by the National Comprehensive Cancer Network
(NCCN) as being suitable for use in triplet regimens [8].

Several clinical trials have assessed the combination of
daratumumab with pomalidomide and dexamethasone (DPd).
One phase Ib trial (EQUULEUS; MMY1001) demonstrated
safe and rapid responses to an intravenous formulation of
daratumumab in combination with pomalidomide and dexa-
methasone [9]. Another phase III trial (APOLLO) found that
intravenous or subcutaneous formulation of daratumumab in
combination with pomalidomide and dexamethasone resulted
in improved rates of progression-free survival (PFS) compared
with pomalidomide and dexamethasone (Pd) alone [10]. Fi-
nally, the safety and efficacy of DPd were demonstrated for
patients experiencing ecarly relapse after one to two lines of
therapy and after lenalidomide failure in the phase II trial MM-
14 [11].

High-quality randomized clinical trials follow strict inclu-
sion and exclusion criteria, but these do not fully reflect real-
world experience, even when patient’s reported outcomes are
included. Subjects with poor performance status, organ dys-
function, or marrow failure from advanced RRMM are likely
to be excluded from many clinical trials. It is therefore im-
portant to study the clinical outcomes of FDA-approved MM
regimens in real-world settings. Such studies can assist physi-
cians as they seek to apply the findings of clinical trials when
treating MM patients outside of trials and/or in a community
setting.

In this study, we carried out retrospective real-world in-
vestigation of DPd tolerability and toxicity, including consid-
eration of hematological toxicities and adverse non-hemato-
logical events.

Materials and Methods

This retrospective study was conducted at the University of
Kansas Medical Center (Westwood, KS, USA) in collabora-
tion with the United States Myeloma Innovations Research
Collaborative (USMIRC). The study covered the period be-
tween January 2015 and June 2022 and received approval
from the University of Kansas Institutional Review Board and
conducted in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments.
Subjects with a diagnosis of RRMM who received DPd in
the second or subsequent lines of therapy were included. We
reviewed electronic health records to extract relevant patient
data including age, gender, race, MM type and stage, cytoge-
netics, and treatment lines including auto-HSCT. In addition,
we obtained the hematological laboratory parameters of pa-
tients over the course of their DPd treatments, as well as any
treatment-related adverse events described in their medical
records.

The standard-of-care DPd regimen specified daratumum-
ab administered weekly 16 mg/kg intravenously or 1,800 mg
subcutaneously with hyaluronidase for the first 8 weeks, every
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2 weeks from weeks 9 to 24, and then monthly until discon-
tinuation of treatment due to disease progression or unaccepta-
ble toxicity. Pomalidomide dosage was 4 mg orally every day
for 21 days as part of a 28-day cycle. Dexamethasone dosage
was 20 mg weekly for patients aged 75 and older and 40 mg
weekly for patients younger than 75. Antithrombotic and an-
tiviral prophylaxis was carried out as recommended in clini-
cal trials and practice guidelines. Patients were premedicated
with glucocorticoids, acetaminophen, and diphenhydramine
to prevent infusion reactions and, if required, with albuterol
and montelukast in cases of underlying lung disease. Renal,
hepatic, and hematological parameters were monitored during
DPd therapy. Pomalidomide dosage was adjusted in line with
the package insert if cytopenia occurred. Dose reduction was
from 4 mg to 3 mg, then to 2 mg, and then to 1 mg; if the
patient could not tolerate the lowest dose, pomalidomide was
permanently discontinued. For daratumumab, there is no dose
reduction, but delay in treatment until resolution of cytopenia
and or infection.

Response to therapy was assessed using the Internation-
al Myeloma Working Group (IMWG) criteria [12]. Grading
of hematological and non-hematological adverse events was
determined following the Common Terminology Criteria for
Adverse Events (CTCAE) v5.0 [13]. Survival outcomes such
as PFS and overall survival (OS) were estimated by means of
Kaplan-Meier curves using log-rank testing.

Results

The study included 97 patients with RRMM who had received
DPd. Table 1 shows the details of patient and baseline disease
characteristics. The overall response rate (ORR) for the entire
patient population was 74% (n = 72); 27% of patients exhib-
ited a partial response (PR), 10% had a very good partial re-
sponse (VGPR), 22% had a complete response (CR) and 15%
had a stringent complete response (SCR). The median PFS was
10.3 months (95% confidence interval (CI): 8.7 - 19.6), and
median OS was 35.3 months (95% CI: 24.8 - not reached) for
all patients who received DPd (n =97). The median duration of
follow-up was 38 months. Previous lines of therapy included
bortezomib exposed in 93 patients (96%), bortezomib refrac-
tory 51 (53%), lenalidomide exposed 94 (97%), lenalidomide
refractory 80 (82%), double refractory (PI/IMiDs) 44 (45%),
carfilzomib exposed 34 (35%), carfilzomib refractory 25
(26%), pomalidomide exposure 12 (12%). No previous patient
with pomalidomide refractoriness or daratumumab exposure
were included in our study. Lastly, 78 patients (80%) had re-
ceived auto-HSCT.

In patients who responded to DPd (n = 72), the median
age was 66 years (range 42 - 81), approximately three-fourths
of the patients were Caucasian, majority (60%, n = 43) of the
patients had immunoglobulin G (IgG) paraprotein subtype,
and two-thirds of patients (64%, n = 46) exhibited high-risk
cytogenetics. For the responders, the median duration of re-
sponse (DOR) was 18 (2 - 62) months, and the median num-
ber of treatment cycles was 17 (2 - 58). In the non-responding
group, the median age was 66 (range 46 - 84), majority were
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Table 1. Characteristics of Patients With RRMM Treated With DPd (N = 97)

Characteristics

Responders (n = 72)

Non-responders (n = 25)

Gender, male/female
Age, years, median (range)
Race, no. of patients (%)
Caucasian
African American
Asian
Hispanic
MM paraprotein, number of patients (%)
1gG
Non-IgG
Light chain
Baseline R-ISS stage, number of patients (%)
Stage |
Stage 11
Stage 111
Unknown
Cytogenetics, no. of patients (%)
High risk®
Standard risk
Extramedullary disease
Median number of lines of therapy (range)
Number of DPd cycles (range)
Duration of therapy in months (range)

Prior autologous stem cell transplant (%)

43/29 14/11

66 (42 - 81) 66(46 - 84)
55 (76%) 19 (76%)
14 (19%) 5 (20%)
2 (3%) 0

1 (2%) 1 (4%)
43 (60%) 17 (68%)
22 (30%) 5 (20%)
7 (10%) 3 (12%)
24 (33%) 6 (24%)
27 (38%) 8 (32%)
17 (23%) 11 (44%)
4 (6%) 0

46 (64%) 17 (68%)
26 (36%) 8 (32%)
17 (24%) 10 (40%)
2(1-6) 2(1-4)
17 (2 - 58) 4(1-15)
18 (2 - 62) 4(1-16)
61 (84%) 17 (68%)

aHigh risk cytogenetics rearrangements as the following: t(4;14), t(14;16), t(14;20), del 17p, and 1q gain. R-ISS: revised international staging system;
RRMM: relapsed/refractory multiple myeloma; DPd: daratumumab, pomalidomide, and dexamethasone; IgG: immunoglobulin G.

Caucasian (76%) and had IgG paraprotein (68%). High-risk
cytogenetics were seen in about 68% and median number of
treatment cycles was 4.

For these patients who experienced response and no re-
sponse to DPd, the most common grade 3 and 4 adverse events
were leukopenia, neutropenia, and lymphopenia, as shown in
Table 2. Around 79% (n = 57) of patients who responded to
therapy and 74% (n = 72) of all patients experienced grade
II/IV of neutropenia. Similarly, 56% (n = 40) of patients who
responded to DPd experienced grade III/IV lymphopenia, and
53% (n=51) for all patients. The incidence of pneumonia was
14% (n = 14) in the entire cohort and all of them were grade 3
and 4 events. Anemia occurred in 55% (n = 53) in all patients,
grades 3 and 4 is 18% (n = 13) in responding group, and 28%
(n = 7) in the non-responding group. Thrombocytopenia oc-
curred in 71% (n = 69) in all patients and the grades 3 and 4
were 12% (n = 12). For the responding group, the grades 3 and
4 thrombocytopenia were 8% (n = 6) and in the non-respond-
ing group 24% (n = 6). Regarding blood transfusion needs, in
the responding group, four patients (6%) received at least one
unit of packed red blood cells and one patient (2%) required

one unit of platelet transfusion. In the non-responding group,
four patients (16%) required blood and five patients (20%) re-
quired platelet transfusion. Overall, no major bleeding events
were reported. In term of growth factor support, granulocyte
colony-stimulating factor (G-CSF) was used in grade 4 neu-
tropenia and utilized in 10 patients (14%) from the responding
group and two patients (8%) from the non-responding group.

Additionally, the incidence of dose reduction in the re-
sponding group was 76% (n = 55), as shown in Table 3. The
most common reason for dose reduction was hematological
toxicity in 73% (n = 40) and the incidence of febrile neutro-
penia was 11% (n = 6), and all of them were reported in the
responding group. Hospitalization occurred mostly in the re-
sponding group, around 32% (n = 23) and was secondary to
pneumonia in 57% (n = 13); four patients had viral pneumonia
(influenza and respiratory syncytial virus) and the rest were
treated as bacterial pneumonia with no pathogen identified by
cultures. Finally, there were no instances of serious infusion
reactions, and they were reported as low grade in 25% of all
patients. Besides that, no serious gastrointestinal events, in-
cluding hepatic toxicity, were observed in our study.
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Table 2. Most Common DPd Treatment Adverse Events

DPd patients who respond-

DPd patients who did not

All ]zll:il;a;)ients ed to treatment respond to treatment
m=72) (n=25)
All grades  Grade III/IV ~ All grades  Grade III/IV ~ All grades Grade III/IV
Leukopenia 84 (87%) 57 (59%) 66 (92%) 47 (65%) 18 (72%) 10 (40%)
Neutropenia 84 (87%) 72 (72%) 66 (92%) 57 (79%) 18 (72%) 15 (60%)
Lymphopenia 82 (85%) 51 (53%) 64 (89%) 40 (56%) 18 (72%) 11 (44%)
Anemia 53 (55%) 20 (21%) 40 (56%) 13 (18%) 13 (52%) 7 (28%)
Thrombocytopenia 69 (71%) 12 (12%) 53 (74%) 6 (8%) 16 (64%) 6 (24%)
Elevated LFT 24 (25%) 0(0) 17 (24%) 0(0) 7 (28%) 0(0)
GI symptoms (diarrhea, nausea, vomiting) 7 (7%) 0(0) 7 (10%) 0(0) 0(0) 0(0)
Pneumonia 14 (14%) 14 (14%) 12 (17%) 12 (17%) 2 (8%) 2 (8%)
Peripheral neuropathy 19 (20%) 10 (10%) 15 (21%) 6 (8%) 4 (16%) 4 (16%)
Infusion-related reaction 23 (24%) 0 (0) 19 (26%) 0 (0) 4 (16%) 0 (0)

DPd: daratumumab, pomalidomide, and dexamethasone; LFT: liver function test; Gl: gastrointestinal.

In term of antimicrobial prophylaxis, all patients received
acyclovir for herpes simplex and herpes zoster virus prophy-
laxis. During the period of neutropenia, fluoroquinolone and
fluconazole for bacterial and fungal prophylaxis were used
until resolution of neutropenia. No routine Pneumocystis
Jirovecii prophylaxis was used as the steroids dose did not ex-
ceed 40 mg of dexamethasone weekly. All patients received
re-vaccination post auto-HSCT along with yearly flu vaccine
per institutional guidelines.

Discussion

More than 30,000 cases of MM are diagnosed in the United
States every year. The 5-year survival rate is presently 57%
[14]; however, this rate is steadily rising with the rapid de-
velopment of effective treatments for RRMM. The particular
nature of this incurable disease means that a pattern of remis-
sion and relapse is expected after first-line treatment. Because
of this, healthcare providers consider different treatment goals
for elderly, frail patients with comorbidities than for patients

who are young and fit. When discussing subsequent lines of
therapy, it is essential to consider the likely extent of response
to treatment and quality of life during treatment. FDA approval
of DPd was based on several trials showing appropriate ef-
ficacy and safety profiles for patients with RRMM [15]. In
MM, the effects of therapy impact the lymphocytes and natu-
ral killer cells that attempt to control proliferation of clonal
plasma cells. This process impacts normal plasma cells, lead-
ing to secondary hypogammaglobulinemia and increased risk
of various infections [16]. Reactivation of herpes simplex and
varicella zoster is common during treatment with PlIs and after
auto-HSCT [17]. Additionally, in heavily pretreated patients,
recurrent sinopulmonary infections, especially fungal infec-
tions, have a major impact on outcomes and cause high levels
of morbidity, leading to the interruption of otherwise effective
MM treatments [18].

In the phase 111 APOLLO trial, 68% of patients who re-
ceived a combination of DPd developed grade 3 - 4 neutrope-
nia compared with 50% who received pomalidomide and dex-
amethasone (Pd) only. In addition, 12% of patients in the DPd
arm developed grade 3 - 4 lymphopenia compared with 3% in

Table 3. Causes of Dose Reduction in Those Who Responded to DPd? vs. Non-Responders®

ARG I duction in DPd responders (%)

Number of patients required dose re-

Number of patients required dose reduc-
tion in DPd non-responders (%)

Hematological toxicity 40 (73%) 11 (79%)
Fatigue 7 (13%) 1 (7%)
Neuropathy 8 (15%) 3 (21%)
Pneumonia 2 (4%) 0

Rash 2 (4%) 0
Neutropenic fever 1 (2%) 0
Diarrhea 1 (2%) 0

aFifty-five patients underwent dose reduction in the responding group. PFourteen patients required dose reduction in the those who did not respond

to DPd. DPd: daratumumab, pomalidomide, and dexamethasone.
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the Pd arm; whereas grade 3 - 4 pneumonia was seen in 11% of
patients in the DPd arm compared with 6% in the Pd arm [10].
In our study, we found a slightly higher incidence of grade 3 -
4 pneumonia among DPd patients (14%) but similar incidence
of grade 3 - 4 neutropenia and lymphopenia, 72% and 53%,
respectively. Such levels of cytopenia are clearly indicative of
the occurrence of serious infections such as pneumonia. The
NCCN guidelines categorize MM as a disease with intermedi-
ate infection risk [19]; however, the risk of infection varies
over the course of the disease and is affected by the degree of
tumor burden, during induction therapy, post-auto-HSCT and
during maintenance treatment, and the agents used for MM
therapy [20]. Several randomized trials examined the role of
antibiotic prophylaxis with ciprofloxacin and trimethoprim-
sulfamethoxazole for newly diagnosed MM did not find any
benefit with the routine use of antibiotics [21, 22]. However,
more recent study examined levofloxacin prophylaxis for 3
months found a substantial reduction in infections and deaths
[23]. But on the other hand, there are, as yet, no clear guide-
lines for antimicrobial prophylaxis therapy in cases of RRMM.
Although we did not observe a high incidence of coronavirus
disease 2019 (COVID-19) infection in our patient population,
daratumumab has been reported to have lower neutralizing
antibodies after vaccination and thus higher risk of infection
[24]. Immunoglobulin replacement therapy has not improved
outcomes and is associated with increased risk of thrombosis
and renal injury [25]. There is limited evidence of the efficacy
of vaccinations in heavily pretreated RRMM patients due to
insufficient T-cell function. The optimal timing of vaccination
is essential so that any benefits can be obtained (for exam-
ple, before starting treatment or after immune reconstitution
following auto-HSCT) [26]. The use of growth factors during
neutropenia enables patients to remain on a course of treat-
ment for MM, and this might improve outcomes if the patient
is responding to therapy. The correction of neutropenia during
therapy through the routine use of growth factors rather than
by dose adjustment has not yet been studied in randomized
trials and cannot therefore be implemented in routine prac-
tice. However, in this study, we found higher rates of anemia
and thrombocytopenia in the non-responding group, suggest-
ing that these were effects of disease progression, rather than
treatment. Overall, our data indicate that non-hematological
adverse events are manageable.

The study is limited by the retrospective nature of the
analysis and of the small number of patients treated at a single
center. Additionally, no precise information about pomalido-
mide dose reduction was included in our database. However,
safety and efficacy profile of the patients treated with DPd
at our center were very similar to what has been previously
reported. A multicenter study or a registry-based analysis with
a larger number of patients will help confirm the findings of
our report. This study raises questions about the best strate-
gies for lowering infection risk during treatment of RRMM,
whether it being through the use of prophylactic antibiotics,
growth factor support, immunoglobulins, and/or identifying
the optimal timing for vaccination. While this may be difficult
to study in a prospective randomized controlled trial, multi-
center collaboration will help inform some of these supportive
care strategies.
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Conclusions

DPd, although an effective treatment option for RRMM, is
associated with high incidence of cytopenia and associated
complications. Our study revealed that patients who respond
to DPd frequently require dose reduction or treatment interrup-
tion because of hematological toxicity, typically due to neutro-
penia and leukopenia, and an increased risk of hospitalization
due to pneumonia. Further research is needed on prophylactic
antibiotic treatments, which might reduce the incidence of hos-
pitalizations.
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