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ABSTRACT
Objectives: There are no real-world data describing infection morbidity in relapsed/refractory
myeloma (RRMM) patients treated with anti-CD38 isatuximab in combination with
pomalidomide and dexamethasone (IsaPomDex). In this UK-wide retrospective study, we set
out to evaluate infections experienced by routine care patients who received this novel
therapy across 24 cancer centres during the COVID-19 pandemic.
Methods: The primary endpoint was infection morbidity (incidence, grading, hospitalization)
as well as infection-related deaths. Secondary outcomes were clinical predictors of increased
incidence of any grade (G2–5) and high grade (≥G3) infections.
Results: In a total cohort of 107 patients who received a median (IQR) of 4 cycles (2–8), 23.4% of
patients experienced ≥1 any grade (G2–5) infections (total of 31 episodes) and 18.7% of patients
experienced ≥1 high grade (≥G3) infections (total of 22 episodes). Median time (IQR) from start of
therapy to first episode was 29 days (16–75). Six patients experienced COVID-19 infection, of
whom 5 were not vaccinated and 1 was fully vaccinated. The cumulative duration of infection-
related hospitalizations was 159 days. The multivariate (MVA) Poisson Regression analysis
demonstrated that a higher co-morbidity burden with Charlson Co-morbidity Index (CCI) score
≥4 (incidence rate ratio (IRR) = 3, p = 0.012) and sub-optimal myeloma response less than a
partial response (<PR) (p = 0.048) are independent predictors of≥G3 infections.
Conclusion: Our study described initial results of infection burden during IsaPomDex treatment.
We recommend close monitoring particularly in elderly patients with co-morbidities, the effective
use of an-infective prophylaxis, as well as optimal vaccination strategies, to limit infections.
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Introduction

Significant advances in myeloma therapeutics in the
last two decades have led to improved survival out-
comes, but infections remain a major cause of morbid-
ity and early mortality [1,2]. Infection risk often relates
to disease-related immunoparesis, co-morbidities, and
systemic therapy. Patterns of infections evolve over
time, as the myeloma treatment landscape continues
to change, with new therapeutic classes such as

proteasome inhibitors (PI), immuno-modulatory
drugs (IMiD) [3], and anti-CD38 monoclonal antibodies
(Mab). We previously reported a 12-month cumulative
infection incidence rate of 33% (all grade) and 22%
(≥G3), in transplant-ineligible newly diagnosed
patients who received fixed duration therapy [4].

A meta-analysis from 5 phase III randomized trials,
demonstrated that adding the anti-CD38 Mab
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daratumumab to standard MM regimens contributed
to higher incidence of all grades of infection (with a
risk ratio (RR) of 1.27), and any-grade pneumonia
(with a RR of 1.63) [5]. In the relapsed/refractory
(RRMM) setting, prior exposure to multiple lines of
therapy can further increase susceptibility to infections
[6], coupled with the potential additional risk conferred
by the Mab drug class [5].

Isatuximab is another anti-CD38 Mab [7], which was
recently approved in the UK to treat MM at 3rd relapse,
in combination with pomalidomide and dexametha-
sone (IsaPomDex) [8]. Efficacy of this triplet therapy
was demonstrated in ICARIA-MM trial, which reported
any grade upper respiratory tract infections and pneu-
monia in 28% and 20% of patients, respectively [9].

Older patients or those with co-morbidities are under-
represented in clinical trials, as demonstrated in the
CONNECT-MM registry, which showed that 40% of
newly-diagnosedpatientswere trial-ineligible [10]. There-
fore, understanding infectionmorbidity of this anti-CD38-
containing triplet therapy in routine care patients is
needed. Thiswould help us identify strategies tomaintain
therapy, improve tolerability and quality of life (QoL), and
minimize the impact of infection-related morbidity on
patients’ treatment journey and on healthcare resources.

We performed a UK-wide retrospective study to
assess clinical outcomes of real-world patients
treated with IsaPomDex across 24 cancer centres. We
report a subgroup analysis of infection-related morbid-
ity and mortality in this cohort, and we attempt to
identify predictors of infective episodes. This analysis
has an added clinical relevance because patients
were treated during the peak of the COVID-19 pan-
demic. To our knowledge, there are no published
real-world data describing infection-related events in
RRMM setting treated with this novel triplet immuno-
chemotherapy during the COVID-19 pandemic.

Materials and methods

Study design, inclusion criteria and baseline
data collection

This retrospective study included routine care patients
from 24 centres across the UK with a diagnosis of
RRMM, who received ≥1 cycles of IsaPomDex, and
started therapy between January 2020 and May
2021. It is a 28 day regimen given until disease pro-
gression or unacceptable toxicity, as follows: isatuxi-
mab intravenous (IV) infusion at 10 mg/kg (weekly
on cycle 1, and fortnightly thereafter), pomalidomide
4 mg orally once a day on days 1–21, and dexametha-
sone weekly at 40 mg (if <75 years old) or 20 mg (if≥75
years old). All patients consented for retrospective
analysis of their records at the point of treatment,
and all patient records were anonymized at the point
of analysis. Service evaluation approval was obtained

prior to starting the study in all participating sites.
Data were censored at the end of patient follow up.

Patients’ medical records were used to collect the
following baseline patient characteristics: time from
diagnosis to start of IsaPomDex, age at start of IsaPom-
Dex, sex, WHO performance status (PS), co-morbidity
score as per Charlson co-morbidity index (CCI),
anaemia, lymphopenia, hypercalcaemia and renal
impairment (according to e-GFR).

Baseline disease characteristics collected included
myeloma subtype, lactate dehydrogenase (LDH),
known myeloma cytogenetics since diagnosis,
myeloma International Staging System (ISS), amyloido-
sis, plasma cell leukaemia and extramedullary disease.
High risk cytogenetics was defined as one or more of
the following abnormalities by fluorescence in situ
hybridization (FISH): t(4;14), t (14;16), del(17p).

Prior therapies data included prior: transplant, alky-
lator, PI, IMiD, anti-C38 Mab (daratumumab), and
histone deacetylase inhibitor (HDACi) such as panobi-
nostat or vorinostat. IsaPomDex treatment character-
istics collected included the number of cycles
received, pomalidomide dose reductions, dexametha-
sone dose reductions, reasons for treatment discon-
tinuation, and the use prophylactic anti-infective
medication (antiviral, antifungal and PCP prophylaxis).

Infection data

An infection in this study is defined as a clinically sus-
pected or microbiologically confirmed episode with an
intention to treat with an antimicrobial, antifungal or
antiviral drug. Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0 (https://ctep.
cancer.gov/protocoldevelopment/electronic_applicatio
ns/docs/ctcae_v5_quick_reference_5 × 7.pdf) was used
to grade infection episodes attributed to myeloma or
therapy. Infections data collected for each patient
during their period of follow up period included infec-
tion diagnosis, grade, number of episodes, hospitaliz-
ation with infection, number of inpatient days,
infection outcome (survival/death), and infections con-
tributing to death events. COVID-19 vaccination status
data were collected for patients who experienced
SARS-CoV-2 infection in this cohort (i.e. vaccination
status at the time of the reported infection).

Study endpoints

The primary endpoint was infection morbidity and
mortality during IsaPomDex treatment including
nature of infections, incidence rate of any grade
(G2–5) infections and high grade (≥G3) infections,
infective hospitalizations, and infection-related
deaths. Secondary endpoint was clinical predictors of
increased incidence rate of any grade, of high-grade
infections, and hospitalizations.
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Statistical analysis

Percentages were used to summarize categorical vari-
ables and median values with range and interquartile
range (IQR) to summarize continuous variables.
Where there are missing (not known: NK) data for
any of the baseline patient/disease/treatment charac-
teristics (e.g. ISS staging, cytogenetics, performance
status, anti-infective prophylaxis), the relevant charac-
teristic was annotated with a (*) superscript within the
baseline patient/disease/treatment characteristics
table, and the number of patients with NK data was
described in the legend of the table.

Using Poisson regression, univariate (UVA) and
multivariate analyses (MVA) were conducted to
assess factors associated with increased incidence
rates of: any grade infections, ≥G3 infections, and hos-
pital admissions. Factors investigated were the follow-
ing: age (<75 vs. ≥75), elevated LDH (Y vs. N), ISS (3 vs.
<3), CCI co-morbidity (<4 vs. ≥4), renal impairment (Y
vs. N), lymphopenia at baseline (N vs. Y), pomalido-
mide dose attenuation (Y vs. N), dexamethasone
dose attenuation (Y vs. N), and response (≥PR vs.
<PR). Covariates with prognostic significance (p ≤
0.1) in univariate testing were included in the initial
multivariate models of the corresponding outcome.
Final models were arrived at by backward selection.
Variables were retained in the final model if significant
at the 5% level. No adjustment has been made for mul-
tiple testing. The number of patients with NK baseline
data has also been described in the UVA/MVA analysis
tables.

A landmark analysis at 3 months after starting
therapy was conducted to assess effect of infections
within the first 3 months on overall survival (OS) and
progression-free survival (PFS) of 3-month survivors.
OS was defined as time from initiation of therapy to
death from any cause. PFS was evaluated as the time
between initiation of therapy and progressive disease
or death. Proportional hazards assumption was
checked visually (log–log plot of survival).

Results

A total of 107 patients from 24 UK centres were eligible
for inclusion, who started therapy between January
2020 and May 2021. Median follow up (interquartile
range, IQR) was 3.7 months (0.5–12.4 months). Baseline
characteristics of the 2 subgroups (no infection vs. any
grade infection) are presented in Table 1. Comparing
subgroups, median age was (69.5 vs. 67 years), Charl-
son Co-morbidity Index (CCI) score was ≥4 in (37.8%
vs. 52%), and performance status (PS) was ≥2 in
(17.1% vs. 24%). Renal presentation (e-GFR < 60 ml/
min) was (48.8% vs. 24%), lymphopenia (45.1% vs.
52%), myeloma International Staging System (ISS) III
staging (28% vs. 20%), and high-risk cytogenetics

(11% vs. 24%). The median number of prior therapies
was (3 vs. 3). Median number of IsaPomDex cycles
administered to date was (4 vs. 5), with a pomalido-
mide dose reduction in (40.2% vs. 40%) and a dexa-
methasone dose reduction in (41.5% vs. 40%).
Granulocyte colony-stimulating factor (GCSF) usage
rate was numerically higher in those with no infections
but without a statistical significance (61% vs. 52%, p =
0.425).

Twenty-five patients (23.4%) experienced one more
any grade infection (total of 31 episodes) with a
median (range) of 1 episode (1–4) per patient. A
detailed breakdown of these infections is presented
in Table 2. Timing of infection was known for 23 epi-
sodes in 17 patients. Median time (IQR) from start of
therapy to first episode was 29 days (16–75).

By UVA Poisson regression analysis of the incidence
of any grade infections, patients achieving an objective
response, i.e. partial response or better (≥PR), showed
a trend for fewer infections with an incidence rate ratio
(IRR) of 0.51, but without a statistical significance (p =
0.115) (Table 3).

Twenty patients (18.7%) experienced at least one
high grade (≥G3) infection (total of 22 episodes) with
a median (range) of 1 episode (1–3) per patient. The
nature and number of≥ G3 infections were: COVID-
19 pneumonia (G4 = 2, G5 = 4), neutropenic sepsis
(G3 = 1, G4 = 2, G5 = 2), E.coli infection (G4 = 2),
urinary tract infection (G3 = 3), lung infection (G3 = 2),
Serratia liquifaciens infection (G5 = 1), pseudomonas
sepsis (G4 = 1), bacteraemia (G3 = 1), and skin infection
(G3 = 1). Vaccination statuses during diagnosis with
COVID-19 were: not vaccinated (n = 5) and fully vacci-
nated (n = 1).

UVA Poisson regression of high-grade infections
demonstrated that age ≥75 years (IRR 2.58, p = 0.04)
and CCI ≥ 4 (IRR 2.63, p = 0.025) were associated with
a statistically higher incidence of ≥G3 infections.
Objective myeloma response (≥PR) appeared to have
a trend for a protective effect against ≥G3 infections
(IRR 0.43), but without statistical significance (p =
0.07) (Table 2). In the MVA model (backward selection),
higher co-morbidity burden CCI≥4 (IRR = 3, p = 0.012)
and sub-optimal myeloma response (<PR) (p = 0.048)
remained as independent predictors of≥ G3 infections
(Table 4).

Nineteen patients (17.7%) experienced an infection
which led to hospitalization, with a median of 1
episode per patient. The median (range) duration of
hospitalization per patient was 8 days (2–17). The
cumulative number of hospitalization days related to
any AE in this cohort was 207 days, of which 159
days (76.8%) were due to infections. By UVA logistic
regression, infection was the only statistically signifi-
cant variable associated with hospital admissions
(odds ratio: 138.2, 95% CI: 28.7–666.1, p < 0.001)
(Table 5).
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Of the 26 death events reported in the total cohort,
10 were at least partly due to infections, which were:
COVID-19 pneumonia (n = 4), pneumonia (n = 1), pneu-
monia with progressive disease (PD) (n = 1), neutrope-
nic sepsis (n = 1), neutropenic sepsis secondary to PD
(n = 1), E. Coli septicaemia with PD (n = 1), and Serratia
liquefaciens sepsis with a possible PE and PD (n = 1).
Causes of the remaining 16 death events were: PD (n
= 13), subdural haemorrhage (n = 1), cardiac arrest (n
= 1), and not known (n = 1).

After a median follow up of 3.7 months, median pro-
gression-free survival (PFS) in the (infection vs. no-
infection) subgroups was: (10.2 vs 9 months), while
median OS was not reached (NR) in either subgroup.
UVA analysis of the occurrence of the first infection
episode as a discrete time-varying predictor, showed
an association with a higher risk of death (OS HR
3.26, 95% CI 1.34–7.93, p = 0.009) but no detectable
effect on PFS was observed (HR 1.27, 95% CI 0.5–
3.23, p = 0.617).

Table 1. Baseline patient, disease and treatment characteristics of sub-groups by infections during IsaPomDex (any grade
infections vs. no infections).

Baseline characteristics

Subgroups by infections during IsaPomDex treatment, from total
cohort n = 107

Any grade infections n = 25 No infections n = 82 P value

Patient Age (years) (median, range, IQR) 67 (34–87, 60–77.5) 69.5 (33–85, 61–76) 0.66
Months since Dx (median, range, IQR) 55 (13–124, 36.5–78) 54 (10–237, 38–86) 0.79
Sex Male 20 (80%) 48 (58.5%) 0.06

Female 5 (20%) 34 (41.5%)
Performance status* <2 19 (76%) 67 (81.7%) 0.453
Co-morbidities (CCI score) Median (range, IQR) 2 (0–8, 2–4) 3 (0–12, 2–4) 0.77

CCI <4 12 (48%) 51 (62.2%) 0.843
CCI ≥4 13 (52%) 31 (37.8%)

Lymphopenia Yes 13 (52%) 37 (45.1%) 0.546
Anaemia Yes 20 (80%) 62 (75.6%) 0.79
Hypercalcaemia Yes 2 (8%) 10 (12.2%) 0.728
(e-GFR < 60 ml/min) Yes 6 (24%) 40 (48.8%) 0.028

Disease MM subtype Ig (G/A/M/D) 21 (84%) 62 (75.6%) 0.584
Light chain 4 (16%) 20 (24.4%)

Elevated LDH* Yes 6 (24%) 31 (37.8%) 0.402
ISS staging* 1 4 (16%) 20 (24.4%) 1.0

2 6 (24%) 27 (32.9%)
3 5 (20%) 23 (28%)

Cytogenetic Risk* High risk (HR) 6 (24%) 9 (11%) 0.21
Standard risk (SR) 11 (44%) 36 (43.9%)

EM disease Yes 6 (24%) 10 (12.2%) 0.147
Prior therapies Number of therapies Median (range, IQR) 3 (2–4, 3–3) 3 (2–5, 3–3) 0.887

Prior transplant Yes 16 (64%) 49 (59.8%) 0.704
Prior alkylator Yes 0 (0%) 16 (19.5%) 1.0
Prior PI Yes 25 (100%) 81 (98.8%) 1.0
Prior IMiD Yes 25 (100%) 82 (100%) NA
Prior anti-CD38 Yes 1 (4%) 4 (4.9%) 1.0
Prior HDACi Yes 1 (4%) 3 (3.7%) 1.0

IsaPomDex Number of cycles Median (range, IQR) 5 (1–15, 2–11) 4 (1–15, 2–7) 0.268
<4 10 (40%) 38 (46.3%) 0.133
≥4 15 (60%) 44 (53.7%)

Ongoing Yes 14 (56%) 59 (72%) 0.134
Pom dose reduction Yes 10 (40%) 33 (40.2%) 0.983
Dex dose reduction Yes 10 (40%) 34 (41.5%) 0.896
Anti-viral PPx* Yes 23 (92%) 76 (92.7%) 1.0
Anti-fungal PPx* Yes 17 (68%) 70 (85.4%) 0.082
PCP PPx* Yes 17 (68%) 39 (47.6%) 0.036

Abbreviations: Isa (isatuximab), Dex (dexamethasone), Pom (pomalidomide), Dx (diagnosis), PS (performance status), NK (not known), CCI (Charlson co-
morbidity index), LDH (lactate dehydrogenase) EM: extramedullary, MM (multiple myeloma), ISS (international staging system for MM), EM (extrame-
dullary disease), PI (proteasome inhibitor), IMiD (immunomodulatory drug), HDACi (histone deacetylase inhibitor), IsaPomDex (isatuximab with poma-
lidomide and dexamethasone), PPx (prophylaxis), PCP (pneumocystis pneumonia). High risk cytogenetics is defined as one or more of the following
features: t (4;14), t (14;16), del(17p).

*In the total cohort of 107 patients, the number of patients with NK data was: 1 for PS, 37 for LDH, 22 for ISS, 45 for cytogenetics, 66 for R-ISS, 1 for
*antifungal PPx and 1 for PCP PPx.

Table 2. Infection episodes experienced during IsaPomDex
treatment.

Nature of infection

Number of infection episodes during
IsaPomDex in the total cohort

Any grade (G2–5) ≥G3 (G3–5)

COVID-19 pneumonia 6 6
Neutropenic sepsis 5 5
E.coli infection 2 2
Urinary tract infection* 4 3
Lung infection (bacterial)’ 5 2
Serratia liquifaciens infection 1 1
Pseudomonas sepsis 1 1
Bacteraemia** 1 1
Skin infection* 1 1
Pseudomonas infection 1 0
infection of unknown source* 1 0
GI infection* 1 0
Penile infection* 1 0
Viral infection* 1 0
Total 31 22

*For these infection episodes, data collection either did not include the
site of the episode in some cases, or the responsible pathogen in
other cases.

**Klebsiella was the responsible pathogen for bacteraemia reported in this
cohort.

694 F. DJEBBARI ET AL.



The 3-month landmark analysis demonstrated that
early infection history (within 3 months of starting Isa-
PomDex) did not affect OS among 3-month survivors:
for all grades (infection group: NR vs. no-infection:

NR, HR 1.18, 95% CI 0.39–3.56, p = 0.763), Figure 1(A),
and ≥G3 infections (infection group: NR vs. no-infec-
tion group: NR, HR 1.25, 95% CI 0.39–4.01, p = 0.706),
Figure 1(B).

Table 3. Univariate and multivariate Poisson regression: all grade infections in the total cohort after a median of 4 IsaPomDex
cycles.

Outcome Characteristic

Univariate analysis Multivariate analysis

Rate
Incidence Rate

Ratio 95% CI P-value Rate
Incidence
Rate Ratio

95%
CI

P-
value

All infections from
start of IsaPomDex
Poisson
regression**

Age (≥75 vs. <75
years)

≥75: 0.42
<75:0.25

1.7 0.69–4.23 0.252 – – – –

CCI categories (≥4 vs.
<4)

≥4: 0.39
<4: 0.24

1.58 0.7–3.6 0.274 – – – –

Lymphopenia at
baseline (Y vs. N)

Y: 0.31
N: 0.27

1.15 0.52–2.52 0.73 – – – –

ISS at baseline*
(Ref: ISS 1)

ISS 1: 0.13
ISS
2:0.29
ISS 3:
0.22
UNK:
0.62

ISS 2: 2.2 ISS
3:1.7 UNK:4.68

ISS 2: 0.66–7.37
ISS 3: 0.55–5.29
UNK:1.83–11.98

ISS 2: 0.201
ISS 3: 0.361
UNK: 0.001

– – – –

e-GFR (≥60 vs <60) ≥60: 0.3
<60: 0.27

1.08 0.39–3.01 0.885 – – – –

Baseline LDH* (Ref:
normal)

Normal:
0.33
High:
0.18
UNK:
0.36

High: 0.53
UNK: 1.08

High: 0.18–1.59
UNK: 0.46–
2.55

High:
0.257

UNK: 0.857

– – – –

Pomalidomide dose
attenuation

Y: 0.34
N: 0.25

1.38 0.64–2.99 0.417 – – – –

Dexamethasone dose
attenuation

Y: 0.3
N: 0.28

1.08 0.5–2.37 0.841 – – – –

Myeloma response
(≥PR)**

≥PR: 0.23
<PR: 0.44

0.51 0.22–1.18 0.115 – – – –

Abbreviations: CCI (Charlson Co-morbidity Index), ISS (International Staging System), e-GFR (estimated glomerular filtration rate), LDH (lactate dehydro-
genase), PR (partial response), NK (not known), Tx (treatment).

*From the total cohort of 107 patients, the number of patients with NK data was: 37 for LDH and 22 for ISS staging.
**Number of evaluable patients for response factor after a median of 4 treatment cycles, was 105.

Table 4. Univariate and multivariate Poisson regression: ≥G3 infections in the total cohort, after a median of 4 IsaPomDex cycles.

Outcome Characteristic

Univariate analysis Multivariate analysis

Rate
Incidence
Rate Ratio 95% CI P-value

Incidence
Rate Ratio 95% CI

P-
value

≥G3 infections from Tx start
(n = 107)*^ Poisson
regression

Age (≥75 vs. <75 years) ≥75: 0.38
<75:0.0.15

2.58 1.04–6.37 0.040 – – –

CCI categories (≥4 vs.
<4)

≥4: 0.36
<4: 0.14

2.63 1.13–6.14 0.025 3 1.28–
7.02

0.012

Lymphopenia at
baseline (Y vs. N)

Y: 0.19
N: 0.22

0.85 0.36–2.01 0.709 – – –

ISS at baseline*
(Ref: ISS 1)

ISS 1: 0.1
ISS 2:0.2
ISS 3: 0.18
NK: 0.41

ISS 2: 2.05
ISS 3: 1.81
NK: 4.16

ISS 2: 0.53–
7.97

ISS 3: 0.49–
6.7

NK:1.27–
13.69

ISS 2:
0.298
ISS 3:
0.374
NK:
0.019

– – –

e-GFR (≥60 vs <60) ≥60: 0.19
<60: 0.24

0.77 0.29–2.08 0.610 – – –

Baseline LDH* (Ref:
normal)

Normal:
0.23
High: 0.15
UNK: 0.24

High: 0.64
NK: 1.04

High: 0.2–
2.08

UNK: 0.39–
2.78

High:
0.457
UNK:
0.935

– – –

Pomalidomide dose
attenuation

Y: 0.19
N: 0.22

0.89 0.35–2.28 0.815 – – –

Dexamethasone dose
attenuation

Y: 0.17
N: 0.24

0.7 0.28–1.79 0.459 – – –

Myeloma response
(≥PR vs. <PR)*

≥PR: 0.15
<PR: 0.34

0.43 0.17–1.08 0.073 0.42 0.18–
0.99

0.048

Abbreviations: CCI (Charlson Co-morbidity Index), ISS (International Staging System), e-GFR (estimated glomerular filtration rate), LDH (lactate dehydro-
genase), NK (not known), PR (partial response), Tx (treatment).

*From the total cohort of 107 patients, the number of patients with NK data was: 37 for LDH and 22 for ISS staging.
**Number of evaluable patients for response factor after a median of 4 treatment cycles, was 105.
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Table 5. Univariate logistic regression analysis: hospital admissions in the total cohort, after a median of 4 cycles of IsaPomDex.

Outcome Characteristic

Univariate analysis

Pearson chi
square P value Odds ratio (OR) 95% CI

Logistic
P value

Hospital admissions (n = 107)** Age (≥75 vs. <75) 0.523 1.36 0.53–3.5 0.524
Co-morbidity CCI (<4 vs. ≥4) 0.255 0.87 0.36–2.13 0.765
e-GFR (≥60 vs <60) 0.42 1.46 0.58–3.69 0.421
Anaemia at baseline (Y vs. N) 0.125 2.69 0.73–9.9 0.136
Lymphopenia at baseline (Y vs. N) 0.546 1.32 0.54–3.23 0.547
LDH (elevated vs normal)* 0.268 0.54 0.18–1.63 0.271
Number of chemo cycles (>4 vs ≤4) 0.133 1.99 0.8–4.92 0.137
Pomalidomide dose (<4 mg vs. 4 mg) 0.363 1.52 0.62–3.75 0.364
Dexamethasone dose (<100% vs. 100%) 0.425 1.44 0.59–3.55 0.426
Infections (Y vs. N) <0.001 138.25 28.7–666.12 <0.001

Abbreviations: CCI (Charlson Co-morbidity Index), ISS (International Staging System), e-GFR (estimated glomerular filtration rate), LDH (lactate dehydro-
genase), NK (not known), PR (partial response), Tx (treatment).

*From the total cohort of 107 patients, the number of patients with NK data was: 37 for LDH.
**Number of evaluable patients for response factor after a median of 4 treatment cycles, was 105.

Figure 1. 3-month landmark analysis of overall survival (OS) according to infections in the first 3 months from starting IsaPomDex:
(A) any grade infection vs. no infection, (B) ≥G3 infections vs. no infection.
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Discussion

Our study is the first to report an initial detailed
account of infections in PI and lenalidomide-refractory
RRMM patients treated with IsaPomDex in routine care.
We showed an infection morbidity despite the low
number of cycles received to date (median of 4
within the short follow up), with a considerable
burden on healthcare resources (76.8% of all AE-
related hospital inpatient days). ICARIA-MM trial
reported G3 upper respiratory tract infections and
pneumonia in 3% and 15% of patients, respectively
[9]. Our ability to compare trial data with our data is
limited by the difference in our reporting method,
which included not only respiratory infections, but all
body systems; in addition to the difference in the
length of follow up.

We reported 10 infected-related deaths in this
cohort, out of a total of 26 events. However, 4 of
these deaths (40%) were due to COVID-19 in unvacci-
nated patients, and 4 deaths (40%) were caused by
an infection in the context of progressive disease,
where it is difficult to ascertain exactly how much
these episodes were driven by therapy or by
myeloma or by both. Therefore, infection-related mor-
tality during IsaPomDex treatment in our study needs
to be interpreted with caution. Our data, however,
remains of current clinical interest because this
therapy was started within a period of time when the
unprecedented COVID-19 pandemic was at its peak
in the UK, and when a number of patients were not
yet double-vaccinated.

This study included patients who started IsaPom-
Dex between January 2020 and May 2021. Given that
the first COVID-19 vaccine was approved in the UK in
December 2020, patients who experienced COVID-19
infection between the start of the pandemic and
December 2020, whilst on IsaPomDex, would not
have been vaccinated because a vaccine was not avail-
able (except in the case of participation in a COVID-19
vaccine trial). In addition, December 2020 to May 2021
was a period of time when the UK vaccine rollout was
underway. At the start of the pandemic, the UK gov-
ernment advised myeloma patients to shield (stay at
home as much as possible and minimize interactions
with others), in order to reduce the risk of exposure
to the SARS-COV-2 virus, because they fall in the extre-
mely vulnerable clinical group [11]. Shielding, particu-
larly earlier on in the pandemic and prior to vaccine
availability, was an important precautionary measure
to reduce the risk of COVID-19 in myeloma patients.

Our 3-month landmark analysis showed no differ-
ence OS according to infections. The lack of statistical
difference may be due to the early time-to-first infec-
tion episode (median 29 days), plus the fact that
patients who suffered early infection-related deaths
(<3 months) were excluded from this landmark

analysis. In addition, this analysis is limited by the rela-
tively short survival follow up of this cohort (median of
3.7 months).

We attempted to identify predictors of infective epi-
sodes in order to stratify risk of infections, and to
inform future clinical practice. We found an indepen-
dent association between a high co-morbidity
burden (CCI≥4) and the incidence of ≥G3 infections.
Frailty subgroup analysis of ICARIA-MM trial employed
a frailty assessment which takes into account age, CCI
score and ECOG PS score [12]. This subgroup analysis
demonstrated a higher incidence of high grade
(≥G3) infections with IsaPomDex in the frail subgroup
compared to the intermediate/fit subgroup (52.1% vs.
39%) [12]. We have also demonstrated a protective
effect of an objective myeloma response (≥PR) from
≥G3 infections.

In order to minimize infection-morbidity, we rec-
ommend close monitoring of patients [13], and the
optimal use of anti-infective prophylaxis throughout
the course of IsaPomDex treatment, following a clini-
cian assessment of each individual patient’s risk of
infections. Anti-infective prophylaxis to be considered
can include the preventative use of antivirals in
addition to antifungals and pneumocystis pneumonia
(PCP) prophylaxis.

Optimal vaccination strategies for myeloma
patients on anti-CD38 treatment regimen such as Isa-
PomDex, are also very important to limit infections.
Two recent myeloma studies reported that an initial
two-dose COVID-19 vaccination was associated with
a significantly weaker responses in patients treated
with anti-CD38 Mabs or a B-cell maturation antigen
(BCMA)-targeted therapy [14,15]. A significant increase
in immune response was observed after a third COVID-
19 vaccine dose, in this patient group [16]. Therefore,
patients on IsaPomDex should be advised to continue
taking precautions to minimize the risk of COVID-19,
have a booster vaccine when offered, and seek
urgent medical advice if they test positive for SARS-
CoV-2, in order to receive early treatment such as
with antivirals or monoclonal antibody therapies for
COVID-19.

Where appropriate and on a case-by-case basis, a
dose-attenuation of pomalidomide and/or dexametha-
sone in elderly patients with significant co-morbidities
may be considered to prevent infections, hospital
admissions, and treatment interruptions, particularly
in those who have already achieved an optimal or
intended myeloma response.

Our study is limited by its retrospective, non-ran-
domized nature with the inherent possibility of
unmeasured confounding factors, patient selection
bias, the potential for medical chart misinterpretation,
lack of complete data (for ISS staging, cytogenetics,
LDH and COVID-19 vaccination status), under-report-
ing of infections, in addition to the relatively short
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median follow up of 3.7 months, which means that
infection burden, may continue to accumulate at a
longer follow up of patients who remain on therapy.
Despite these limitations, we described in detail the
initial UK-wide experience of infection outcomes with
this novel triplet therapy during the pandemic.

Conclusion

This is the first real-world study to report an initial
detailed account of infection morbidity and mortality
in relapsed myeloma patients treated with anti-CD38
Mab-based triplet therapy IsaPomDex during the
COVID-19 pandemic. We showed an infection morbid-
ity burden despite the low number of cycles received
to date. In order to limit infections in this myeloma
setting, close monitoring during IsaPomDex is
required, particularly in elderly patients with co-mor-
bidities, in addition to the effective use of an-infective
prophylaxis, as well as optimal vaccination strategies.
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