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Abstract
Infections represent a major cause of morbidity and mortality in multiple myeloma and are linked to both therapy- and disease-
related factors. Although it has been suggested that the rate of infections increased since the introduction of novel agents,
controversies still exist. To better assess the risk factors associated with infections in the era of novel agents, we conducted a
large retrospective analysis of 479 myeloma patients treated at Jena University Hospital over a period of 12 years. During their
disease history, 65% of patients developed at least one infection, and 37% of therapies were associated with at least one infectious
episode. The rate of infections was constant over the years, with no increase in infectious complications after the routine
implementation of novel agents. Infections were mainly bacterial and strongly associated with high disease burden, relapsed
disease, and treatment with high-dose chemotherapy. Varicella zoster virus (VZV) reactivations occurred late during treatment
(median time between high-dose chemotherapy and VZV reactivation 6 months, range 0–44 months), and fewer patients
developed a VZV reactivation after 2009 (p = 0.001). Infections are still one of the major causes of morbidity in myeloma
patients, and prophylactic measures are urgently needed to reduce this potentially lethal complication.
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Introduction

The advent of novel agents in the treatment of multiple mye-
loma (MM) has dramatically changed the prognosis of this
still incurable disease [1, 2]. Since the introduction of the first

in class immunomodulatory drug (IMiD) thalidomide and the
first in class proteasome inhibitor (PI) bortezomib, the out-
come of MM patients has significantly improved [3–6].
Improvements seem to be even stronger with the second-
and third-generation IMiDs and the second-generation PIs.

Annamaria Brioli andMaximilian Klaus contributed equally to this work.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00277-019-03621-1) contains supplementary
material, which is available to authorized users.

* Marie von Lilienfeld-Toal
marie.von_lilienfeld-toal@med.uni-jena.de

1 Klinik für Innere Medizin II, Abt. Hämatologie und Internistische
Onkologie, Universitätsklinikum Jena, Jena, Germany

2 Research Program BElse Kröner-Forschungskolleg AntiAge^,
Universitätsklinikum Jena, Jena, Germany

3 HELIOS Klinikum, 4. Medizinische Klinik, Abt. Hämatologie und
internistische Onkologie, Hämostaseologie, Erfurt, Germany

4 Integriertes Forschungs-und Behandlungszentrum (IFB) Sepsis und
Sepsisfolgen, Center for Sepsis Control and Care (CSCC),
Universitätsklinikum Jena, Jena, Germany

5 Institut für Medizinische Statistik, Informatik und
Datenwissenschaften, Universitätsklinikum Jena, Jena, Germany

6 Heinrich-Braun-Klinikum, Klinik für Innere Medizin III, Abt.
Hämatologie, Onkologie und palliative Medizin, Zwickau, Germany

Annals of Hematology (2019) 98:713–722
https://doi.org/10.1007/s00277-019-03621-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s00277-019-03621-1&domain=pdf
http://orcid.org/0000-0002-4072-7592
https://doi.org/10.1007/s00277-019-03621-1
mailto:marie.von_lilienfeld-toal@med.uni-jena.de


Therefore, nowadays, IMiDs or PIs form the backbone of
almost all anti-MM treatments [7–12]. Together with an im-
provement in outcomes, however, the widespread use of new
compounds has seen the emergence of a different spectrum of
adverse events [13]. Infections are one of the main causes of
morbidity and mortality inMM patients, responsible for about
45% of early deaths in this patients’ population [14]. The
higher rate of infections is not due to an increased occurrence
of neutropenia [14], but is rather due to a combination of
myeloma-related immunosuppression and treatment-related
factors. Compared to the normal population, MM patients
have a 7-fold increased risk of developing an infection in the
course of their disease. When taking into account only viral
infection, this risk increases up to 10-fold [15]. Recent data
suggest that, since the introduction of novel agents, the rate of
infectious complications has further increased, with a higher
risk of infections for patients diagnosed in more recent years
[15] and an increase of Varicella zoster virus (VZV) reactiva-
tion seen in patients treated with PIs [16]. However, not all
studies are concordant, and some groups failed to demonstrate
an increased risk of infections for patients receiving IMiDs or
PI containing regimens [17].

To shed further light on the complex issue of infections in
MM patients and to better assess the risk factors associated
with this potentially lethal complication, as well as the role of
IMiDs and PIs in its development, we conducted a large ret-
rospective analysis of 479 MM patients treated at Jena
University Hospital over a period of 12 years, from 2003 to
2015.

Material and methods

The retrospective study was conducted after approval by the
institutional review board at Jena University Hospital in
Germany, a tertiary referral center for MM patients. All pro-
cedures followed were in accordance with the Helsinki
Declaration of 1975, as revised in 2008. All consecutive pa-
tients with MM referred to our center between 2003 and 2015
were included in the analysis. Patients were identified from
electronic medical records. All electronic and paper documen-
tation of the patients was reviewed. Overall, data on 479 pa-
tients were retrieved. All patients were followed until death or
last day of follow-up whichever occurred first. Patients lost to
follow-up were censored on the 30th of April 2014. Data on
demographic, baseline hematological and biochemical char-
acteristics, MM parameters (MM subtype, disease stage, dis-
ease phase, and treatment received), and comorbidities were
extracted from the medical records. Complete data on infec-
tious complications including microbiological confirmation,
where available, were recorded. For documentation of bacter-
emia with coagulase negative staphylococci (CNS), two

positive results from subsequent separate sets of blood cul-
tures were required.

To better assess the impact of each single treatment modal-
ity on the development of infections, each treatment modality
received was defined as a patient case: if a patient received
induction treatment, stem-cell mobilization, and two courses
of high-dose melphalan (HDM) followed by autologous stem
cell transplantation (ASCT), four patient-cases were recorded
(one for induction treatment, one for mobilization, and one
each for HDM+ASCT). Each patient-case started with the
first day of treatment and finished with the first day of admin-
istration of subsequent therapy. Lines of therapy were defined
according to the International Myeloma Working group rec-
ommendation [18].

Standard descriptive statistics were used to summarize the
data of patients or (patient-)cases (e.g., continuous: mean ±
standard deviation/count: absolute and relative frequencies).
Comparisons between two patient groups were performed
using Chi-square or Fisher’s exact tests for nominal data types
or Wilcoxon-Mann-Whitney tests for ordinal or continuous,
metric data types. To evaluate potential factors for the infec-
tion risk, we applied logistic regression model while using
generalized estimating equations to address the clustering
within patients. In thesemodels, we report odds ratio estimates
with 95% confidence intervals. All reported p values are nom-
inal and two-sided. In this explorative study, we applied a
significance level α = 0.05 (two-sided). All statistical analyses
were done with SPSS (version 24) or the statistical environ-
ment R (version 3.5.1).

Results

Rate of infection in the overall population

From the 479 patients analyzed, 1690 patient-cases (from now
on called only cases) were reported. Thus, the median number
of cases per patient was 3 (range 1–15). Patients’ characteris-
tics are summarized in Table 1. Median age of the overall
population was 62 years (range 35–89) and about 80% of
patients had a high disease burden evaluated with the Durie-
Salmon staging system. Overall, 627 infections were recorded
(37% of all cases). One hundred and sixty-six patients, ac-
counting for 295 cases (17% of all cases), never experienced
any infection, including 25 cases treated with high-dose che-
motherapy (HD-Chemo) and autologous stem cell transplan-
tation (SCT, 8% of all SCT cases). High-dose chemotherapy
was defined as melphalan at the doses of 200 mg/m2 or
140 mg/m2 (for autologous SCT) or as fludarabin (120–
150 mg/m2) and anti-thymocyte globulin (30 mg/kg) plus
melphalan (140 mg/m2) or treosulfan (42 g/m2) for patients
treated with allogeneic SCT. Of cases receiving HD-Chemo
and SCT, 296 were treated with autologous SCT and 14 with
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allogenenic SCT. As only 14 cases in our series were treated
with allogeneic SCT, these cases were not treated separately in
the statistical analysis but all patients receiving HD-Chemo
were grouped together.

More infection could be identified during the same case;
each infection, irrespective in which case it occurred, was
defined as a different infectious episode (also called only
episode).

The most frequent infection was pneumonia (24% of
cases), followed by bacteremia, urinary tract infections, and
central venous catheter infections (20%, 20%, and 7% of
cases, respectively). During the first infectious episode, the

most frequently isolated microorganisms were CNS (43%)
followed by Escherichia coli (E. coli, 18%) and Enterococci
(11%). Staphylococcus aureus (S. aureus) was isolated in
about 5% of first infectious episodes. During the second in-
fection, E. coli was found in 25% of cases, CNS and
Enterococci in 13% of cases, and S. aureus and
Pseudomonas aeruginosa in 8% of cases each. CNS,
S. aureus, and Pseudomonas aeruginosa were the most fre-
quently isolated microorganisms if a third infectious episode
occurred (15% each). The major sources of microorganism
isolation were blood culture (in 48% of isolations), urine
(20%), central venous catheter (14%), and stool (7%).

Table 1 Patients’ characteristics
All patients Group EARLY

2003–2008
Group LATE
2009–2015

p value

N = 479 N = 182 N = 297

Sex

Male (%) 272 (57) 101 (56) 171 (58) 0.655
Female (%) 207 (43) 81 (44) 126 (42)

Age at diagnosis (range) 62 (35–89) 62 (35–86) 62 (41–89) 0.133

Comorbidities a

Cardiac disease b (%) 86 (18) 31 (17) 55 (19) 0.681

Diabetes mellitus type II (%) 80 (17) 32 (18) 48 (16) 0.686

Respiratory disease c (%) 49 (10) 14 (8) 35 (11) 0.151

Stroke/TIA (%) 33 (7) 15 (8) 18 (6) 0.306

Hepatitis/Liver cirrhosis (%) 11 (2) 5 (3) 6 (2) 0.755

Renal impairmentd 96 (20) 45 (25) 51 (17) 0.045

Durie-Salmon Stage

I A/B (%) 77/5 (16/1) 32/2 (18/1) 45/3 (15/1) 0.477

II A/B (%) 25/8 (5/2) 3/0 (2/0) 22/8 (7/3) < 0.001

III A/B (%) 297/67 (62/14) 116/29 (64/16) 181/38 (61/13) 0.140

MM isotype

IgG (%) 255 (53) 99 (54) 156 (53) 0.690

IgA (%) 85 (18) 33 (18) 52 (18) 0.862

IgM (%) 4 (1) 2 (1) 2 (1) 0.637

IgD (%) 3 (1) 1 (1) 2 (1) 1.000

BJ (%) 48 (10) 8 (4) 40 (13) 0.001

Asecretory (%) 12 (3) 4 (2) 8 (3) 1.000

Unknown (%) 72 (15) 35 (19) 37 (13) 0.044

Bone disease

No lesions (%) 92 (19) 31 (17) 61 (21) 0.359

Single lesion (%) 30 (6) 12 (7) 18 (6) 0.803

Multiple lesions (%) 357 (76) 139 (76) 218 (73) 0.489

Days between therapy
start and first
infection (range)

11 (−152–2954) 12 (0–2954) 11 (−152–854) 0.046

TIA transient ischemic attack
aMore than 1 comorbidity per patient is possible
b Including coronary heart disease and cardiac insufficiency
c Including chronic obstructive pulmonary disease and asthma
dAny grade of renal impairment according to the KDIGO
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Overall, 122 bacteremia with isolation of microorganism
from blood culture were reported. In most cases, bacteremia
occurred only once per case, although in three patients, two
different episodes were documented during the same case. In
nine episodes, more than one microorganism was detected
during the course of the infection. Two patients, both receiv-
ing treatment with bortezomib and dexamethasone, developed
a candidemia by Candida glabrata and Candida albicans,
respectively, during a CNS bacteremia. S. aureus was isolated
in nine episodes, including four identifications of methicillin-
resistant S. aureus (MRSA). Microorganisms causing bacter-
emia are summarized in Fig. 1.

One hundred and fifty-three pneumonias were diagnosed in
133 cases. A microorganism causing pneumonia could be
isolated in the bronchoalveolar lavage (BAL) or in the sputum
in 25 of these episodes. The most frequently isolated bacteria
were Klebsiella pneumoniae or oxytoca (24%, six cases) and
E. coli (20%, five cases). In six episodes, pneumonia was
associated with the diagnosis of influenza, either by influenza
A (four cases) or influenza B (two cases) virus. Pneumocystis
jirovecii pneumonia was documented in two episodes, both
occurring in cases receiving long-term treatment with
bendamustine and prednisolone. In one of these cases,
Pneumocystis jirovecii pneumonia was identified as the cause
of death.

We recorded 21 episodes of Clostridium difficile
(C. difficile) enteritis (3.4% of all infections); eight epi-
sodes each were reported during HD-Chemo or long-term
treatment, while three developed during induction treat-
ment. Two patients (one receiving induction with high-
dose dexamethasone and one long-term treatment with
bendamustine and prednisolone) presented with two dif-
ferent infective episodes during the same patient-case.
Two additional patients developed C. difficile enteritis
without receiving any MM-specific therapy.

In about 30% of episodes, the source of the infection could
not be identified and these episodes were classified as fever of
unknown origin (FUO).

At the time of last follow-up, 144 patients (30%) had died.
An infection was the secondmajor cause of death (45 patients,
31%) after MM disease progression (63 patients, 44%).
Twenty-four patients (16%) died of causes other than MM
or infection, while in 12 patients, the cause of death was
unknown.

Differences according to occurrence of infections
and disease stage

We compared the characteristics of patients never experienc-
ing any infections with those of patients reporting at least one
infective episode. Patients’ characteristics of these two groups
are summarized in Supplementary Table 1. Patients experienc-
ing infections had an earlier age at MM diagnosis (61 vs.
67 years, p < 0.001), with a higher Durie-Salmon stage (stage
III 87% vs. 56%, p < 0.001) and a higher number of bone
lesions (multiple bone lesions 20% vs. 10%, p = 0.003). As
could be expected due to the competing risk, patients without
infections died on average at an older age as compared to
patients with infections (73 years vs. 64 years for patients
without and with infections, respectively, p < 0.001).

Thirty-five percent of patients with newly diagnosed MM
experienced at least one infection, while the corresponding
percentages for patients with first, second, and third disease
progression were 40%, 48%, and 41%, respectively. During
the first infectious episode, the most frequent diagnosis in
newly diagnosed patients was FUO (34%), followed by cen-
tral venous catheter infections (18%) and bacteremia (16%).
Relapsed patients had pneumonia (30%, 23%, and 29% in
first, second, and third relapse, respectively) and urinary tract
infections (13%, 30%, and 32% in first, second, and third

Fig. 1 Microorganisms
associated with bacteremia.
Numbers indicate percentages.
More than one microorganism
during the same bacteremic
episode is possible.
Microorganisms were isolated
from blood culture
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relapse, respectively) more frequently. FUO was diagnosed in
13% to 18% of relapsed patients.

Rate of infections according to year of case
and therapy received

To further assess the impact of novel agents on development
of infections, patients were categorized in two groups accord-
ing to the year when their therapy was administered (between
2003 and 2008, group EARLY, when the availability of novel
agents was limited, or between 2009 and 2015, group LATE,
when IMiDs and PIs were more widely available).
Demographic and disease characteristics were well balanced
between the two groups, with the exception of renal insuffi-
ciency (higher in patients of group EARLY) and patients with
Durie-Salmon stage II (higher in group LATE). More patients
diagnosed after 2008 had a Bence Jones myeloma, and in a
higher number of patients of group EARLY, myeloma isotype
was not available (Table 1). In the overall population, the
median time between start of therapy and first infection was
11 days (range −152–2954 days; 12 days (range 0–2954) in
group EARLYand 11 days (range −152–854) in group LATE,
p = 0.046, Table 1). Note that the start of treatment was de-
layed due to an infection in 18 cases (all group LATE)
resulting in Bnegative days^. Thirty-six percent of cases in
group EARLY and 38% of cases in group LATE had at least
one infection. There was no evidence for a difference in terms
of frequency of bacteremia, sepsis, or pneumonia between the
groups (Table 2).

To analyze the effect of treatment on infection develop-
ment, we first categorized cases according to treatment phase,
identifying four groups: induction therapy (30% of cases),
mobilization chemotherapy (14%), HD-Chemo with SCT
(both autologous and allogeneic SCT 18%), and long-term
treatment (32%). This last category included all cases receiv-
ing long-term treatment irrespective of whether the treatment
contained novel agents. Similarly, the category induction ther-
apy included all types of induction irrespective of the use of

novel agents, although their use significantly increased after
2009 (p < 0.001, Supplementary Table 2). Cases treated only
with supportive treatment were not included in this analysis.
Cases receiving HD-Chemo with SCT and those treated with
long-term therapy had the highest rate of infections (79% and
32%, respectively). Induction therapy was the category with
the lowest rate of infections (24%). Infections that develop
during induction therapy occurred usually early in the course
of treatment, with a median time from start of induction to first
infection of 19 days (range 22–237). Conversely, infections in
the long-term group arose later during treatment, with a me-
dian time to development of 35 days (range 152–2954,
p < 0.001, Fig. 2.)

Of the cases treated with autologous SCT, 79% developed an
infection, whereas in cases receiving allogeneic SCT, the rate
was 93%. Infections were mainly of bacterial origin, accounting
for 92% and 78% of episodes in which a microorganism was
isolated for autologous and allogeneic SCT, respectively. Viral
infections were rare, being reported in 13 episodes treated with
autologous SCTand 3 episodes receiving allogeneic SCT.More
cases receiving allogeneic SCT developed a second infection
(10% vs. 50% for autologous and allogeneic SCT, respectively).
During the first infective episode and considering only the main
diagnosis of the 310 cases treated with SCT, the major cause of
infection was bacteremia (26% of episodes), followed by infec-
tions of central venous catheter (22%) and pneumonia (9%).
The corresponding percentages in cases treated with autologous
or allogeneic SCTwere 25% and 39% for bacteremia, 23% and
15% for central venous catheter infection, and 8% and 15% for
pneumonia, for autologous and allogeneic SCT, respectively. In
these episodes, microbiological isolation mainly showed gram-
positive bacteria (86% of all episodes) both in cases treated with
autologous SCT (86% of cases with a microbiological isolation)
and in those receiving allogeneic SCT (89% of cases).

To analyze more in-depth the effect of novel agents (IMiDs
and PIs) on the rate and type of infection, we also categorized
the cases according to the class of drug administered (Table 3).
PIs (either as part of induction or as long-term treatment) were

Table 2 Rate of main infections
according to the year of diagnosis Infection Group EARLY

2003–2008 (570)
Group LATE
2009–2015 (1120)

OR (95% CI) p value

N (%) N (%)

Any infection 206 (36) 421 (38) 1.1 (0.9–1.3) 0.571

Only one infection 166 (29) 345 (31) 1.1 (0.9–1.3) 0.479

Two infections 29 (5) 58 (5) 1.0 (0.6–1.6) 0.940

Three infections 11 (2) 18 (2) 0.8 (0.3–2.3) 0.719

Pneumoniaa 43 (8) 90 (8) 1.1 (0.7–1.6) 0.735

Bacteremiaa 32 (6) 87 (8) 1.4 (0.9–2.2) 0.134

Sepsis 9 (2) 27 (2) 1.5 (0.7–3.3) 0.264

Varicella zoster virus 22 (4) 15 (1) 0.3 (0.2–0.6) 0.001

aWhen more than one infection was recorded, only the main diagnosis was considered

Ann Hematol (2019) 98:713–722 717



administered in 443 cases (26%), IMiDs (either as part of
induction or as long-term treatment) in 229 cases (13%), and
a combination of both in 13 (0.8%) patients. Sixty-one cases
(4%) received long-term treatment with steroids or interferon
alpha. The remaining cases were treated with conventional
chemotherapy (including treatment for stem cell mobilization,
31%), SCT (18%), or received only supportive care without
active MM treatment (6%). Across all treatment modalities,
the most frequent causes of infection were respiratory tract
infections (including upper respiratory tract infection and
pneumonia) and bacteremia (Table 3).

Varicella zoster reactivation

VZV reactivation was diagnosed in 37 patients (8% of all
patients and 2% of all cases). No case of multiple VZV
reactivations in the same patient was recorded. Seven patients
received conventional chemotherapy, 14 received HD-
Chemo + SCT (13 autologous and 1 allogeneic), 10 and 2
patients were treated with PI and IMiDs, respectively. Of the
remaining four patients, two developed VZV reactivation
without receiving any specific MM treatment, and one patient
each was treated with high-dose dexamethasone and interfer-
on alpha. There was no evidence for a difference in the rate of
VZV reactivation according to treatment administered
(Table 3). In two patients (one with relapsed MM and one
with newly diagnosed MM), VZV reactivation preceded the
start of treatment by 19 and 9 days, respectively. Median time

between start of any treatment and VZV reactivation was
48 days (range 19–1316 days). When looking at patients
who received SCT, the median time between chemotherapy
start andVZVreactivationwas 6months (range 0–44months),
with four patients developing VZV more than 1 year after
autologous SCT. VZV reactivations were more frequent in
patients treated between 2003 and 2008 (4% vs. 1% for group
EARLY and group LATE, respectively, p = 0.001, Table 2).
Conversely, there was no evidence of a difference in the time
between treatment start and VZV reactivation between group
EARLY and LATE, both when looking at the all patients (66
vs. 44 days for group EARLYand group LATE, respectively,
p = 0.283) or for the subgroup of patients after SCT (6 months
for group EARLY and LATE, respectively, p = 0.456).
Acyclovir was the most commonly used antiviral therapy
(79% of cases), for a median length of treatment of 12 days
(range 6–100 days). There was no evidence for a difference in
the length of antiviral therapy between group EARLY and
group LATE (10.5 vs. 13 days, ranges 7–100 days and 6–
55 days for group EARLY and group LATE, respectively,
p = 0.963), and none for the number of patients who switched
antiviral agents (10 cases, 27%, 4 in group EARLY and 6 in
group LATE, p = 0.142).

Risk factors associated with infection development

In univariate analysis, variables associated with a higher risk
of infection were a relapsed disease, the presence of anemia

Fig. 2 Time between treatment
start and infection development in
patients receiving induction and
long-term treatment, respectively.
Note that both the Wilcoxon-
Mann-Whitney tests (which does
not address the within patient
clustering) as well as a parametric
linear model with robust variance
estimation which addresses the
clustering generalized led to a p
value < 0.001
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before the start of treatment, bone marrow plasma cell burden
higher than 70%, multiple bone lesions at diagnosis (whether
first diagnosis or relapse), and treatment with HD-Chemowith
SCT (Table 4). Neither the period when treatment was given
nor age, sex, hypercalcemia, renal insufficiency, and use of
IMiDs or PI were significantly associated with infections.

In multivariate analysis, the following factors retained an
independent prognostic value for the development of infec-
tions: relapsed disease (OR 2.3, 95% CI 1.5–3.4, p < 0.001),
anemia (OR 1.4, 95% CI 1.1–2.0, p = 0.02), bone marrow
plasma cell infiltration > 70% (OR 1.5, 95% CI 1.1–2.1, p =
0.01), and treatment with HD-Chemo and SCT (OR 10.7,
95% CI 7.0–16.3, p < 0.001) (Table 4).

Discussion

Patients with MM experience a higher rate of infections com-
pared to the general population and infections are one of the
main causes of early death in MM patients [14]. Whether rate
and type of infections have changed since the advent of novel
agents is still a matter of debate [15, 17, 19, 20]. Treatment
with PIs has been linked to a higher risk of developing a
reactivation of VZV [16], and recently, a high tumor load
has been identified as a risk factor for the development of
blood stream infection [21]. In contrast to other authors who

showed an increased risk of infection in patients diagnosed in
the more recent years [15], our data show that the risk of
infection remained rather constant during the years. It has to
be noted, however, that previous studies included patients
diagnosed until 2004, while our data include patients diag-
nosed from 2003 until 2015, when the use of HD-Chemo
was already a standard of care for younger patients.
Nevertheless, we failed to demonstrate an increased risk of
infection in patients treated with novel agents, showing a con-
stant rate of infections in patients treated before and after
2009. In accordance with what was already reported by other
groups [15, 17], the higher rate of infection was seen in pa-
tients receiving HD-Chemo with SCT, confirming that deep
and long-term neutropenia following high-dose chemotherapy
is the major risk factor for infection’s development. We were
also able to confirm that infections are associated with disease
burden and disease state. A high disease burden at diagnosis
(identified as PC infiltration in the bone marrow and the pres-
ence of anemia) and relapsed disease were risk factors for a
higher rate of infection in the univariate analysis and retained
their prognostic value in the multivariate analysis.

The lowest rate of infection was seen in patients who re-
ceived induction treatment. Infections during induction devel-
oped earlier than those occurring in patients who received
long-term therapy, and were mainly early events in the course
of treatment. It is likely that in most cases, the infection

Table 3 Rate of infections according to treatment received (called patient-cases in the main text)

Conventional
chemotherapya

(N = 522) (%)

HD-Chemo
(N = 310) (%)

PIa

(N = 443) (%)
IMiDsa

(N = 229) (%)
PI + IMiDsa

(N = 13) (%)
Steroid or interferon
(N = 61) (%)

Supportive therapy
(N = 112) (%)

No infections 380 (72.8) 64 (20.6) 330 (74.5) 152 (66.4) 7 (53.8) 35 (57.4) 95 (84.8)

Any infection 142 (27.2) 246 (79.4) 113 (25.5) 77 (33.6) 6 (46.1) 26 (42.6) 17 (15.2)

Only one infection 124 (23.8) 210 (67.7) 84 (18.9) 54 (23.6) 6 (46.1) 19 (31.1) 14 (12.5)

Two infections 15 (2.8) 33 (10.6) 20 (4.5) 13 (5.7) – 5 (8.2) 1 (0.9)

Three infections 3 (0.6) 3 (1) 9 (2) 10 (4.4) – 2 (3.3) 2 (1.8)

Bacteremia 18 (3.5) 67 (21.6) 15 (3.4) 14 (6.1) – 6 (9.8) 2 (1.8)

Pneumonia 34 (6.5) 31 (10) 33 (7.5) 34 (14.8) 1 (7.6) 12 (34) 8 (7.1)

URTI 13 (2.5) 7 (2.3) 18 (4.1) 12 (5.2) 2 (15.4) 6 (9.8) 1 (0.9)

CVC-infectionb 5 (1) 80 (25.8) 7 (1.6) 6 (2.6) 1 (7.6) 4 (6.6) –

Other CDI 61 (11.7) 45 (14.5) 58 (13.1) 42 (18.3) 1 (7.6) 14 (23) 8 (7.1)

Fungemia – – 2 (0.5) – – – –

VZV reactivation 7 (1.3) 14 (4.5) 10 (2.3) 2 (0.9) – 2 (3.3) 2 (1.8)

BONJ – – 4 (1) 3 (1.3) – – –

FUO 52 (10) 86 (27.7) 29 (6.5) 17 (7.4) 2 (15.4) – 1 (0.9)

HD-Chemo high-dose chemotherapy, PI proteasome inhibitors, IMiDs immunomodulatory drugs, URTI upper respiratory tract infection, CVC central
venous catheter, CDI clinical documented infections, including tissue infection, urinary tract infections, endocarditis, gastroenteritis, and meningitis;
VZV: Varicella zoster virus; BONJ: bisphosphonate associated osteonecrosis of the jaw, FUO fever of unknown origin
a The use of PIs and IMiDs during induction increased after 2009. Sixty-seven percent (138/205) of cases treated between 2009 and 2013 received
induction with conventional chemotherapy, in contrast with only 13% of those treated after 2009. The correspondent percentages for PI and IMiDs are
23% and 85% for cases treated before and after 2009, respectively. See also Supplementary Table 2
bAll cases treated with HD chemo had a CVC, while in the other groups, most patients did not have a CVC
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preceded the effects of induction treatment on disease burden,
thus strengthening the importance of disease burden in
influencing the risk of development of infections.

In this patient population, the rate of VZV reactivation
was comparable to the rates expected in MM patients not
receiving PI treatment [16]. We did not observe any in-
crease of viral complication and VZV reactivation in pa-
tients treated with PI. Conversely, VZV reactivation was
more frequent in those patients treated before 2009, when
PIs were not widely available. It has to be noted, however,
that due to the known increased risk of VZV reactivation
associated with PI therapy, patients treated with PI re-
ceived prophylaxis with aciclovir in doses ranging from
400 to 1200 mg per day. The administration of standard
prophylaxis might have reduced the incidence of VZV in
this patients’ group and is likely to explain our findings.
Furthermore, we were able to demonstrate that the reacti-
vation of VZV can be a late complication after SCT. In
our retrospective cohort, 5% patients who received HD-
Chemo with SCT developed VZV reactivation late after
SCT, with a median time from SCT to VZV reactivation
of 6 months (range 0–44 months). In accordance with the
current guidelines of the German Society for Hematology
and Medical Oncology (DGHO) [22], our patients did not
routinely receive long-term antiviral prophylaxis after
SCT, and we could not see any difference in the rate of
VZV reactivation after SCT according to treatment period.
These data (a low incidence of PI-associated VZV reacti-
vation with acyclovir prophylaxis and late development of
VZV reactivation after SCT) strengthen the argument for
a longer VZV prophylaxis (at least 1 year after SCT) in
MM patients.

Patients developing infections were younger than those not
developing an infection. This finding is not surprising,

considering that younger patients are more likely to receive
HD-Chemo with SCT, and treatment with HD-Chemo was
confirmed to be an independent risk factor for infection devel-
opment. As expected, patients who developed infections died
on average at a younger age, thus confirming that infections
are one of the major causes of death in myeloma patients.

In conclusion, this analysis reveals that, with the appropri-
ate prophylaxis and supportive care, the administration of
novel agents is not linked to a higher risk of developing infec-
tion or to a different infection epidemiology. VZVreactivation
can be a late complication after SCT and should not be
underestimated. High-dose therapy and high disease burden
remain major risk factors for infection, warranting a risk-
adapted infection prophylaxis after HD-chemo with SCT and
effective strategies to rapidly induce remission. In summary,
despite the advances made in the recent years in myeloma
treatment and supportive care, still about 60% of patients will
develop at least one infection during the course of treatment.
A close patient monitoring and more effective strategies to
prevent this potentially lethal complication are urgently need-
ed in the quest for curing multiple myeloma.
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Table 4 Factors associated with
the presence of an infection from
logistic regressions with
generalized estimating equations.
Effect size estimates (with 95%
confidence interval (CI)) are
provided such that odds ratios > 1
indicate higher odds for an
infection (usually) in the presence
of a factor. The reference category
or unit is provided in square
brackets

Factors associated with
the presence of infections

Univariate modelsa Multivariable modela,b

crude odds ratio
(95% CI)

p value
(two-sided)

adjusted odds
ratio (95% CI)

p value
(two-sided)

Relapse [absent] 1.4 (1.1–1.7) 0.008 2.3 (1.5–3.4) < 0.001

Anemia [absent] 1.4 (1.1–1.8) 0.004 1.4 (1.1–2.0) 0.02

BM PC > 70% [absent] 1.5 (1.1–1.9) 0.002 1.5 (1.1–2.1) 0.01

Multiple bone lesions [absent] 1.8 (1.3–2.4) < 0.001 1.3 (0.8–2.2) 0.24

Treatment [other treatmentc]

HD-Chemo 9.5 (6.8–13.1) < 0.001 10.7 (7.0–16.3) < 0.001

Treatment with PI 0.9 (0.7–1.1) 0.33 0.8 (0.6–1.2) 0.30

IMiDs alone 1.2 (0.9–1.7) 0.16 1.0 (0.7–1.5) 0.96

BM PC bone marrow plasma cells, HD-Chemo high-dose chemotherapy, PI proteasome inhibitors
a Estimates are derived from complete case analyses
b This model includes all factors from the univariate analyses
c Covers conventional chemotherapy and steroid or interferon treatment

720 Ann Hematol (2019) 98:713–722



Compliance with ethical standards

Ethical approval and informed consent The present study was conduct-
ed after approval by the institutional review board at Jena University
Hospital in Germany. All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1975
Helsinki declaration and its later amendments or comparable ethical stan-
dards. As data analyzed were pseudonimized data normally collected
during clinical practice, the responsible ethic committee was of the
opinion that no extra informed consent was needed for the present
research.

Conflict of interest AB: Honoraria: Celgene, Takeda, Travel support:
Janssen, Celgene, Takeda, Research support: Celgene; IH: Research sup-
port: Medac, Novartis, Travel support: Medac, Novartis, Gilead; LOM:
Research support: Celgene, Honoraria: Celgene, Janssen, Novartis,
Amgen, Bristol Myers Squibb; MvLT: Honoraria: Janssen, Celgene,
Novartis, Takeda, Travel support: Janssen, Celgene, Novartis, Takeda,
Research support: Janssen, Celgene, Novartis, Takeda; the other authors
have no relevant conflict of interest to disclose.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

References

1. Kumar SK, Rajkumar SV, Dispenzieri A, Lacy MQ, Hayman SR,
Buadi FK, Zeldenrust SR, Dingli D, Russell SJ, Lust JA, Greipp
PR, Kyle RA, Gertz MA (2008) Improved survival in multiple
myeloma and the impact of novel therapies. Blood 111:2516–
2520. https://doi.org/10.1182/blood-2007-10-116129

2. Kumar SK,Dispenzieri A, LacyMQ,GertzMA, Buadi FK, Pandey
S, Kapoor P, Dingli D, Hayman SR, Leung N, Lust J, McCurdy A,
Russell SJ, Zeldenrust SR, Kyle RA, Rajkumar SV (2014)
Continued improvement in survival in multiple myeloma: changes
in early mortality and outcomes in older patients. Leukemia 28:
1122–1128. https://doi.org/10.1038/leu.2013.313

3. Cavo M, Zamagni E, Tosi P et al (2005) Superiority of thalidomide
and dexamethasone over vincristine-doxorubicindexamethasone
(VAD) as primary therapy in preparation for autologous transplan-
tation for multiple myeloma. Blood 106:35–39. https://doi.org/10.
1182/blood-2005-02-0522

4. Morgan GJ, Davies FE, Gregory WM, Bell SE, Szubert AJ,
Navarro Coy N, Cook G, Feyler S, Johnson PRE, Rudin C,
Drayson MT, Owen RG, Ross FM, Russell NH, Jackson GH,
Child JA, for the National Cancer Research Institute (NCRI)
Haematological Oncology Clinical Studies Group (2012)
Cyclophosphamide, thalidomide, and dexamethasone as induction
therapy for newly diagnosed multiple myeloma patients destined
for autologous stem-cell transplantation: MRC myeloma IX ran-
domized trial results. Haematologica 97:442–450. https://doi.org/
10.3324/haematol.2011.043372

5. Cavo M, Tacchetti P, Patriarca F, Petrucci MT, Pantani L, Galli M,
di Raimondo F, Crippa C, Zamagni E, Palumbo A, Offidani M,
Corradini P, Narni F, Spadano A, Pescosta N, Deliliers GL, Ledda
A, Cellini C, Caravita T, Tosi P, Baccarani M, GIMEMA Italian
Myeloma Network (2010) Bortezomib with thalidomide plus dexa-
methasone compared with thalidomide plus dexamethasone as in-
duction therapy before, and consolidation therapy after, double au-
tologous stem-cell transplantation in newly diagnosed multiple my-
eloma: a randomised phase 3 study. Lancet 376:2075–2085. https://
doi.org/10.1016/S0140-6736(10)61424-9

6. Sonneveld P, Schmidt-Wolf IGH, van der Holt B, el Jarari L,
Bertsch U, Salwender H, Zweegman S, Vellenga E, Broyl A,
Blau IW, Weisel KC, Wittebol S, Bos GMJ, Stevens-Kroef M,
Scheid C, Pfreundschuh M, Hose D, Jauch A, van der Velde H,
Raymakers R, SchaafsmaMR, Kersten MJ, van Marwijk-Kooy M,
Duehrsen U, Lindemann W, Wijermans PW, Lokhorst HM,
Goldschmidt HM (2012) Bortezomib induction and maintenance
treatment in patients with newly diagnosed multiple myeloma: re-
sults of the randomized phase III HOVON-65/ GMMG-HD4 trial. J
Clin Oncol Off J Am Soc Clin Oncol 30:2946–2955. https://doi.
org/10.1200/JCO.2011.39.6820

7. Weber DM, Chen C, Niesvizky R, Wang M, Belch A, Stadtmauer
EA, Siegel D, Borrello I, Rajkumar SV, Chanan-Khan AA, Lonial
S, Yu Z, Patin J, Olesnyckyj M, Zeldis JB, Knight RD, Multiple
Myeloma (009) Study Investigators (2007) Lenalidomide plus
dexamethasone for relapsed multiple myeloma in North America.
N Engl J Med 357:2133–2142. https://doi.org/10.1056/
NEJMoa070596

8. Dimopoulos M, Spencer A, Attal M, Prince HM, Harousseau JL,
Dmoszynska A, SanMiguel J, Hellmann A, Facon T, Foà R, Corso
A, Masliak Z, Olesnyckyj M, Yu Z, Patin J, Zeldis JB, Knight RD,
Multiple Myeloma (010) Study Investigators (2007) Lenalidomide
plus dexamethasone for relapsed or refractory multiple myeloma. N
Engl J Med 357:2123–2132. https:/ /doi.org/10.1056/
NEJMoa070594

9. Rajkumar SV, Jacobus S, Callander NS, Fonseca R, Vesole DH,
Williams ME, Abonour R, Siegel DS, Katz M, Greipp PR, Eastern
Cooperative Oncology Group (2010) Lenalidomide plus high-dose
dexamethasone versus lenalidomide plus low-dose dexamethasone
as initial therapy for newly diagnosed multiple myeloma: an open-
label randomised controlled trial. Lancet Oncol 11:29–37. https://
doi.org/10.1016/S1470-2045(09)70284-0

10. San Miguel J, Weisel K, Moreau P et al (2013) Pomalidomide plus
low-dose dexamethasone versus high-dose dexamethasone alone
for patients with relapsed and refractory multiple myeloma (MM-
003): a randomised, open-label, phase 3 trial. Lancet Oncol 14:
1055–1066. https://doi.org/10.1016/S1470-2045(13)70380-2

11. Dimopoulos MA, Moreau P, Palumbo A, Joshua D, Pour L, Hájek
R, Facon T, Ludwig H, Oriol A, Goldschmidt H, Rosiñol L, Straub
J, Suvorov A, Araujo C, Rimashevskaya E, Pika T, Gaidano G,
Weisel K, Goranova-Marinova V, Schwarer A, Minuk L, Masszi
T, Karamanesht I, OffidaniM, Hungria V, Spencer A, Orlowski RZ,
Gillenwater HH, Mohamed N, Feng S, Chng WJ, ENDEAVOR
Investigators (2016) Carfilzomib and dexamethasone versus
bortezomib and dexamethasone for patients with relapsed or refrac-
tory multiple myeloma (ENDEAVOR): a randomised, phase 3,
open-label, multicentre study. Lancet Oncol 17:27–38. https://doi.
org/10.1016/S1470-2045(15)00464-7

12. Moreau P, Masszi T, Grzasko N, Bahlis NJ, Hansson M, Pour L,
Sandhu I, Ganly P, Baker BW, Jackson SR, Stoppa AM, Simpson
DR, Gimsing P, Palumbo A, Garderet L, Cavo M, Kumar S,
Touzeau C, Buadi FK, Laubach JP, Berg DT, Lin J, di Bacco A,
Hui AM, van de Velde H, Richardson PG, TOURMALINE-MM1
Study Group (2016) Oral Ixazomib, Lenalidomide, and dexameth-
asone for multiple myeloma. N Engl JMed 374:1621–1634. https://
doi.org/10.1056/NEJMoa1516282

13. Brioli A, Mügge L-O, Hochhaus A, Von Lilienfeld-Toal M (2017)
Safety issues and management of toxicities associated with new
treatments for multiple myeloma. Expert Rev Hematol 10:193–
205. https://doi.org/10.1080/17474086.2017.1284584

14. Augustson BM, Begum G, Dunn JA, Barth NJ, Davies F, Morgan
G, Behrens J, Smith A, Child JA, Drayson MT (2005) Early mor-
tality after diagnosis of multiple myeloma: analysis of patients en-
tered onto the United Kingdom Medical Research Council trials
between 1980 and 2002–Medical Research Council adult

Ann Hematol (2019) 98:713–722 721

https://doi.org/10.1182/blood-2007-10-116129
https://doi.org/10.1038/leu.2013.313
https://doi.org/10.1182/blood-2005-02-0522
https://doi.org/10.1182/blood-2005-02-0522
https://doi.org/10.3324/haematol.2011.043372
https://doi.org/10.3324/haematol.2011.043372
https://doi.org/10.1016/S0140-6736(10)61424-9
https://doi.org/10.1016/S0140-6736(10)61424-9
https://doi.org/10.1200/JCO.2011.39.6820
https://doi.org/10.1200/JCO.2011.39.6820
https://doi.org/10.1056/NEJMoa070596
https://doi.org/10.1056/NEJMoa070596
https://doi.org/10.1056/NEJMoa070594
https://doi.org/10.1056/NEJMoa070594
https://doi.org/10.1016/S1470-2045(09)70284-0
https://doi.org/10.1016/S1470-2045(09)70284-0
https://doi.org/10.1016/S1470-2045(13)70380-2
https://doi.org/10.1016/S1470-2045(15)00464-7
https://doi.org/10.1016/S1470-2045(15)00464-7
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1080/17474086.2017.1284584


Leukaemia working party. J Clin Oncol Off J Am Soc Clin Oncol
23:9219–9226. https://doi.org/10.1200/JCO.2005.03.2086

15. Blimark C, Holmberg E, Mellqvist U-H, Landgren O, Bjorkholm
M, Hultcrantz M, Kjellander C, Turesson I, Kristinsson SY (2015)
Multiple myeloma and infections: a population-based study on
9253 multiple myeloma patients. Haematologica 100:107–113.
https://doi.org/10.3324/haematol.2014.107714

16. Chanan-Khan A, Sonneveld P, Schuster MW, Stadtmauer EA,
Facon T, Harousseau JL, Ben-Yehuda D, Lonial S, Goldschmidt
H, Reece D, Neuwirth R, Anderson KC, Richardson PG (2008)
Analysis of herpes zoster events among bortezomib-treated patients
in the phase III APEX study. J Clin Oncol Off J Am Soc Clin Oncol
26:4784–4790. https://doi.org/10.1200/JCO.2007.14.9641

17. Teh BW, Harrison SJ, Worth LJ, Spelman T, Thursky KA, Slavin
MA (2015) Risks, severity and timing of infections in patients with
multiple myeloma: a longitudinal cohort study in the era of immu-
nomodulatory drug therapy. Br J Haematol 171:100–108. https://
doi.org/10.1111/bjh.13532

18. Rajkumar SV, Harousseau J-L, Durie B, Anderson KC,
Dimopoulos M, Kyle R, Blade J, Richardson P, Orlowski R,
Siegel D, Jagannath S, Facon T, Avet-Loiseau H, Lonial S,
Palumbo A, Zonder J, Ludwig H, Vesole D, Sezer O, Munshi
NC, San Miguel J, on behalf of the International Myeloma
Workshop Consensus Panel 1 (2011) Consensus recommendations

for the uniform reporting of clinical trials: report of the international
myeloma workshop consensus panel 1. Blood 117:4691–4695.
https://doi.org/10.1182/blood-2010-10-299487

19. Nucci M, Anaissie E (2009) Infections in patients with multiple
myeloma in the era of high-dose therapy and novel agents. Clin
Infect Dis Off Publ Infect Dis Soc Am 49:1211–1225. https://doi.
org/10.1086/605664

20. König C, Kleber M, Reinhardt H, Knop S, Wäsch R, Engelhardt M
(2014) Incidence, risk factors, and implemented prophylaxis of var-
icella zoster virus infection, including complicated varicella zoster
virus and herpes simplex virus infections, in lenalidomide-treated
multiple myeloma patients. Ann Hematol 93:479–484. https://doi.
org/10.1007/s00277-013-1951-6

21. Sørrig R, Klausen TW, Salomo M, Vangsted A, Gimsing P (2018)
Risk factors for blood stream infections in multiple myeloma: a
population-based study of 1154 patients in Denmark. Eur J
Haematol 101:21–27. https://doi.org/10.1111/ejh.13066

22. Sandherr M, Hentrich M, von Lilienfeld-Toal M, Massenkeil G,
Neumann S, Penack O, Biehl L, Cornely OA (2015) Antiviral pro-
phylaxis in patients with solid tumours and haematological
malignancies–update of the guidelines of the infectious diseases
working party (AGIHO) of the German Society for Hematology
and Medical Oncology (DGHO). Ann Hematol 94:1441–1450.
https://doi.org/10.1007/s00277-015-2447-3

722 Ann Hematol (2019) 98:713–722

https://doi.org/10.1200/JCO.2005.03.2086
https://doi.org/10.3324/haematol.2014.107714
https://doi.org/10.1200/JCO.2007.14.9641
https://doi.org/10.1111/bjh.13532
https://doi.org/10.1111/bjh.13532
https://doi.org/10.1182/blood-2010-10-299487
https://doi.org/10.1086/605664
https://doi.org/10.1086/605664
https://doi.org/10.1007/s00277-013-1951-6
https://doi.org/10.1007/s00277-013-1951-6
https://doi.org/10.1111/ejh.13066
https://doi.org/10.1007/s00277-015-2447-3

	The risk of infections in multiple myeloma before and after the advent of novel agents: a 12-year survey
	Abstract
	Introduction
	Material and methods
	Results
	Rate of infection in the overall population
	Differences according to occurrence of infections and disease stage
	Rate of infections according to year of case and therapy received
	Varicella zoster reactivation
	Risk factors associated with infection development

	Discussion
	References


