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Abstract
Introduction Infections are a leading cause of morbidity and
mortality in patients with multiple myeloma. The epidemiol-
ogy, risk factors and outcomes of viral respiratory tract infec-
tions (vRTI) are not well described in patients with multiple
myeloma managed with novel agents, the current standard of
care.
Methods Patients with myeloma from 2009 to 2012 who
tested positive on respiratory virus multiplex polymerase
chain reaction had clinical, radiological and microbiological
records reviewed. The Fourth European Conference on Infec-
tions in Leukaemia (ECIL-4) definitions of RTI were applied.
Univariate and multivariate regression analysis of risk factors
was performed using vRTI as the evaluable outcome.
Results Of 330 patients, 75 (22.7 %) tested positive for a total
of 100 vRTI episodes. All patients received thalidomide,
lenalidomide or bortezomib in combination with myeloma
therapies (median of three treatment regimens). vRTI occurred
most commonly in patients with progressive disease, and
receipt of more than three lines of myeloma therapy was
associated with an increased risk of vRTI (p<0.01). Amongst
key respiratory pathogens, influenza was associated with the

highest hospital admission rate (66.7 %), ICU admission rate
(41.6 %) and mortality (33.3 %) whilst RSV was associated
with prolonged hospital stay.
Conclusion Patients with multiple myeloma and advanced
disease managed with multiple lines of therapy are at risk
for vRTI, and targeted interventions for prevention/treatment
are required.
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Introduction

Multiple myeloma is a clonal plasma cell malignancy, which
is increasing in frequency with an annual estimated incidence
of 4.8 per 100,000 in the developed world [1]. Infection is the
leading cause of mortality in patients with myeloma and
increased risk is due to disease and treatment-related factors
[2]. The treatment for myeloma has undergone a paradigm
shift with the use of newer immunomodulatory drugs (IMiDs)
(e.g. thalidomide and lenalidomide) and proteasome inhibitors
(PI) (e.g. bortezomib) as standard of care [3]. With this shift,
there is evidence of a change in the epidemiology of infections
in patients with myeloma towards predominance of viral
infections, including respiratory tract infections (RTI) [4].

Whilst the epidemiology, clinical outcomes and risk factors
associated with viral RTI (vRTI) are well known in the
haematopoietic stem cell transplant (HSCT) setting and sup-
ported by appropriate management guidelines, these charac-
teristics have not been reported in myeloma patients managed
with novel agents [5, 6]. The objective of this study was to
describe the epidemiology, risk factors and outcomes of vRTI
in these patients.
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Methods

Study population and definitions

Patients were identified retrospectively from chemotherapy
drug dispensing and microbiology databases using the follow-
ing criteria: a confirmed diagnosis of multiple myeloma, re-
ceived active therapy with IMiD or PI and tested positive for
respiratory viral (RV) infection by nucleic acid amplification
testing (NAT) at Peter MacCallum Cancer Centre (PMCC)
from January 2009 to December 2012. Clinical records of
eligible patients were reviewed using a standardized tool to
capture the following: patient demographics, myeloma thera-
py, seasonality of infection, radiological changes, clinical
features and outcomes (length of stay (LOS)), requirement
for intensive care (ICU) management and all-cause mortality
at 30 days).

Influenza vaccination is generally performed by communi-
ty practitioners and vaccination records were therefore not
available for evaluation. For this study, definitions of RTI
were consistent with those previously described (Fourth Eu-
ropean Conference on Infections in Leukaemia (ECIL-4)) [6].
In brief, an upper respiratory tract infection (URTI) was de-
fined as the detection of RV above the larynx; URTI disease
(URTID) was defined as the detection of RV in upper respi-
ratory tract fluid specimens together with symptoms and/or
signs; lower RTI disease (LRTID) was defined as clinical
symptoms or pulmonary infiltrates together with identification
of RVs in respiratory secretions. A confirmed case of respira-
tory tract infection disease (RTID) was defined in the presence
of clinical and laboratory criteria.

Detection of RV more than 1 month after the initial spec-
imen in association with onset of new symptoms was defined
as a new infective episode. During the study period, admitted
patients with clinical features of upper RTI were routinely
managed in a single room with droplet and contact precau-
tions pending the outcome of diagnostic work-up.

During the study period, patients with myeloma received
treatment that was consistent with international practices in-
cluding autologous HSCT (ASCT) for eligible patients or in
approved clinical trials. In this study, novel myeloma therapy
included thalidomide, lenalidomide and bortezomib used in
combination with dexamethasone with or without low-dose
cyclophosphamide. For this study, disease periods for a pa-
tient with myeloma were defined as follows: Induction period
was the time from initial diagnosis until after 4 to 6 cycles of
initial treatment, ASCT period included the time from
myeloablative chemotherapy (e.g. melphalan) until day 30
post stem cell reinfusion, maintenance was the period with
stable paraprotein levels with (or without) myeloma treatment,
and progression was any period where rising paraprotein
levels necessitated a change in treatment regimen or recom-
mencement of treatment. Chemotherapeutic agents used

singly or in combination to obtain or maintain myeloma
disease response was defined as a line of therapy.

Diagnostic evaluation

During the study period, the decision to perform and the
method of diagnostic evaluation for vRTI was directed by
the treating clinician. All samples were analysed by the Vic-
torian Infectious Diseases Reference Laboratory for RV NAT.
A respiratory multi-tube multiplex PCR was performed. Tar-
gets for the respiratory multiplex PCR included influenza A, B
and C viruses; parainfluenza viruses (PV) 1, 2 and 3; respi-
ratory syncytial viruses (RSV) A and B; coronaviruses
(OC43, 229E, NL63, HKU and SARS); adenoviruses and
picornaviruses (enteroviruses and rhinovirus groups A, B
and C). Human metapneumovirus (HMPV) was included for
detection in the panel in 2012.

Statistical analysis

Characteristics of patients with vRTI were summarised as
proportional outcomes. Categorical variables were compared
using the Fisher’s exact test. Univariate and multivariate re-
gression analysis of risk factors (patient age, ASCT, receipt of
bortezomib and the number of lines of chemotherapy) was
performed using vRTI as the evaluable outcome. Covariates
were included in the model if univariate analysis demonstrated
p<0.20. All analyses were performed using Stata (version 9.0,
StataCorp Inc., Texas, USA) and p≤0.05 was deemed statis-
tically significant.

Ethics review

The human research ethics committee at our institution ap-
proved this retrospective study.

Results

Patient characteristics

Of 330 patients with myeloma managed during the study
period, 75 (22.7 %) tested positive for a total of 100 vRTI
episodes and an infection rate of 1.2 infections per patient
year. Patients with myeloma constituted 19.9 % of 376 pa-
tients with malignancies managed at PMCC who tested pos-
itive for a RV. Pharyngeal swabs were the most common
method of sampling (62 %), followed closely by pooled
nasopharyngeal swabs (30 %) and bronchoalveolar lavage
(8 %).

Patients with vRTI had a median age of 61 years (inter-
quartile range; 55–66 years) and 56 % were male. Most had

1902 Support Care Cancer (2015) 23:1901–1906



IgG myeloma (63 %) and were international staging
system stage 1 (63 %) at diagnosis. All patients re-
ceived thalidomide, lenalidomide or bortezomib in com-
bination myeloma therapies (median of three treatment
regimens). The majority of patients 64/75 (85.3 %) had
received an ASCT. 23 % of all vRTI episodes were
associated with hypogammaglobulinaemia requiring in-
travenous immunoglobulin replacement. The demo-
graphics and myeloma characteristics of the studied
population are summarised in Table 1.

Viral respiratory tract infections

Of 100 episodes, 15 % were upper RTI (URTI), 46 % con-
firmed URT infectious disease (URTID) and 39 % were
confirmed LRTID. Viral RTI occurred most commonly during
disease progression 46/100 (46 %). 42 % of episodes required
hospital admission with a median LOS of 10 days (interquar-
tile range, 2 to 24 days). Overall, ICU admission rate was
10 % and all-cause mortality rate at 30 days was 6 %.

Of key viral pathogens, influenza vRTI was observed to
occur only in patients during maintenance treatment 4/12
(33.3 %) and disease progression 8/12 (66.7 %). The majority
of influenza vRTI episodes were LRTID 9/12 (75.0 %) and
8/12 (66.7 %) of episodes were associated with hospital
admission with a median LOS of 13 days. Influenza RTI
was also associated with the highest ICU admission and all-
cause mortality rates of 41.6 and 33.3 %, respectively. Seven
of 12 influenza episodes (58.3 %) were treated with
oseltamivir.

RSV episodes were associated with hospital admission
in 40.0 % of instances and a median LOS of 18 days. Of
the RSV episodes, 60.0 % were URTID. RSV RTI was
associated with ICU admission in 6.7 % of instances, and
no all-cause mortality was recorded at 30 days. No RSV
episode was treated with ribavirin, with the exception of
one patient with concurrent RSV and influenza A who
received both oseltamivir and ribavirin. Frequency of vRTI
episodes, myeloma characteristics, infection site and out-
comes according to key RV pathogens are summarized in
Table 2.

Regression analysis

Univariate regression analysis demonstrated that age≤65years
(p<0.01), receipt of ASCT (p=0.03), bortezomib (p<0.01)
and more than three lines of myeloma therapy (p<0.01) were
associated with vRTI (Table 3). Multivariate logistic regres-
sion analysis demonstrated that only receipt of more than three
lines of therapy was independently associated with an in-
creased risk of vRTI (p<0.01).

Discussion

The epidemiology, clinical features and outcomes associ-
ated with vRTI are well described in the HSCT setting,
in particular, following allogeneic HSCT [5, 6]. To our
knowledge, this is the first dedicated study of vRTI in
patients with myeloma managed with contemporary treat-
ment including novel myeloma therapies and ASCT. A
strength of this study was the fact that both inpatients
and outpatients were studied.

We found that vRTI occurred in 22.7 % of patients man-
aged for myeloma and occurred most frequently in patients
with progressive disease. In addition, we found receipt of
ASCT, bortezomib and more than three lines of therapy were
risk factors for vRTI on univariate analysis. There are several
possible explanations for these findings. During a vRTI, the
innate immune system initiates the host antiviral responses via
intracellular signalling pathways and the release of interferon
cytokines. These cytokines, including IFN-α, augment host

Table 1 Characteristics of patients with multiple myeloma and viral
respiratory tract infection (2009–2012)

Overall
Episodes (N) 100

Age, median years (IQR) 61 (55–66)

Male sex (%) 56 (56)

Myeloma type:

IgG 63 (63)

IgA 15 (15)

IgM 1 (1)

LC 21 (21)

ISS stage

1 63 (63)

2 25 (25)

3 12 (12)

Number of regimens, median (IQR) 3 (3–5)

Received regimens containing N (%)#

Thalidomide 70 (70)

Lenalidomide 65 (65)

Bortezomib 59 (59)

Hypogammaglobulinaemia (IVIG) 23 (23)

Period of disease

Induction 5 (5)

ASCT 22 (22)

Maintenance 27 (27)

Progression 46 (46)

N number, IQR interquartile range, ASCT autologous stem cell transplant,
ISS international staging system, IVIG intravenous immunoglobulin
# All regimens prior to onset of viral respiratory tract infection
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antiviral response and activate the adaptive immune system,
which plays a key role in subsequent viral clearance [7].
Corticosteroid treatment for myeloma reduces monocyte
counts, function and trafficking to areas of need, whilst IMiDs
reduce monocyte activation. Also, bortezomib disrupts NF-Kβ
which impacts viral antigen presentation [2]. In addition, pa-
tients with myeloma have disease-related immune deficits

including defects in cell-mediated and humeral immunity that
accumulate with progression of disease [8]. In addition, patients
with myeloma are known to have lower levels of specific
influenza antibodies compared to healthy controls [9, 10].
These factors may explain our observations that multiple lines
of treatment are a risk factor for vRTI and progressive disease
being the “at risk” period.

Table 2 Epidemiology and outcomes of viral respiratory tract infections in patients with multiple myeloma, by respiratory pathogen (2009 to 2012)

Picornavirus RSV Influenza* Parainfluenza Multiple#

Episodes (N) 43 15 12 7 6

Demographics

Age, Median years (IQR) 62 (56–66) 63 (56–70) 61 (54–64) 61 (58 to 64) 58 (55 to 62)

Male sex (%) 27 (88.7) 7 (46.7) 8 (66.7) 5 (71.4) 3 (50.0)

Myeloma type

IgG 28 (65.1) 11 (73.3) 7 (58.3) 4 (57.1) 2 (33.3)

IgA 7 (16.3) 0 (0.0) 4 (33.3) 2 (28.6) 2 (33.3)

IgM 0 (0.0) 1 (6.7) 0 (0.0) 0 (0.0) 0 (0.0)

LC 8 (18.6) 3 (20.0) 1 (8.3) 1 (14.3) 2 (33.3)

ISS stage

1 27 (62.8) 9 (60.0) 9 (75.0) 4 (57.1) 3 (50.0)

2 9 (20.9) 5 (33.3) 2 (16.7) 3 (42.9) 2 (33.3)

3 7 (16.3) 1 (6.7) 1 (8.3) 0 (0.0) 1 (16.7)

Number of regimens, Median (IQR) 3 (3–5) 3 (3–5) 4 (3–6) 3 (3–3) 4 (3–5)

Received regimens containing N (%)

Thalidomide 32 (74.4) 9 (60.0) 8 (66.7) 4 (57.1) 5 (83.3)

Lenalidomide 31 (72.1) 7 (46.7) 7 (58.3) 5 (71.4) 4 (66.7)

Bortezomib 24 (55.8) 10 (66.7) 8 (66.7) 3 (42.9) 3 (50.0)

Hypogammaglobulinaemia (IVIG) 24 (55.9) 5 (33.3) 7 (58.3) 3 (42.9) 4 (66.7)

Period of disease

Induction 1 (2.3) 1 (6.7) 0 (0.0) 1 (14.3) 0 (0.0)

ASCT 7 (16.3) 5 (33.3) 0 (0.0) 2 (28.6) 1 (16.7)

Maintenance 11 (25.6) 3 (20.0) 4 (33.3) 3 (42.9) 1 (16.7)

Progression 24 (55.8) 6 (40.0) 8 (66.7) 1 (14.3) 4 (66.7)

Site of infection

URTI 8 (18.6) 1 (6.7) 1 (8.3) 0 (0.0) 0 (0.0)

Confirmed URTID 22 (51.2) 9 (60.0) 2 (16.7) 3 (42.9) 2 (33.3)

Confirmed LRTID 13 (30.2) 5 (33.3) 9 (75.0) 4 (57.1) 4 (66.7)

Outcomes

Hospital admission 14 (32.6) 6 (40.0) 8 (66.7) 4 (57.1) 3 (50.0)

ICU admission 1 (2.3) 1 (6.7) 5 (41.6) 0 (0.0) 2 (33.3)

Inpatient mortality 1 (2.3) 0 (0.0) 4 (33.3) 0 (0.0) 1 (16.7)

Length of stay, Median days (IQR)a 7.5 (4–17.5) 18 (12 to 24) 13 (5 to 25) 28 39

N number, IQR interquartile range,URTI upper respiratory tract infection,URTI upper respiratory tract infectious disease, LRTID lower respiratory tract
infectious disease, ASCT autologous stem cell transplant, RSV respiratory syncytial virus

*Influenza A (10 episodes), influenza B (1 episode), influenza C (1 episode)
# RSV and coronavirus (two episodes), RSV and influenza A (two episodes), RSV and picornavirus (1 episode), picornavirus and parainfluenza (1
episode)
a IQR not provided for the following pathogens due to limited admitted patient numbers: parainfluenza virus and multiple viral isolation category

1904 Support Care Cancer (2015) 23:1901–1906



We have demonstrated that vRTI are associated with
morbidity in patients with myeloma. Nearly 40 % of vRTI
episodes required hospital admission with a median LOS
of 10 days. Influenza infections in particular were associ-
ated with poor outcomes and increased use of resources.
We found over two thirds of influenza vRTI were associ-
ated with hospital admission. The majority of influenza
episodes (75 %) involved LRTID, which is substantially
higher than that reported in previous studies of predomi-
nantly allogeneic HSCT patients (30 %) [5, 11]. Influenza
episodes were associated with the highest proportion of
ICU admission (41.6 %) and all-cause mortality rates
(33.3 %) amongst all the RV pathogens. Mortality rates
from influenza LRTID in patients with haematological
malignancies and HSCT have been reported to be 15–
28 % [5, 11]. In fact, patients with advanced myeloma
maybe a higher risk group for complications than other
patients after HSCT as demonstrated during the recent
H1N1 pandemic, where more patients with myeloma re-
quired ICU management than patients with other malig-
nancies [12].

This study highlights the need for awareness of RV
infections amongst myeloma patients and that a subgroup
at high risk for complications can be identified. Preven-
tative measures and treatment should be evaluated in
patients with myeloma to reduce the morbidity and mor-
tality associated with influenza infections. The rate of
oseltamivir treatment in our cohort may have contributed
to the observed mortality, as early treatment of influenza
episodes with oseltamivir has been shown to improve
outcomes [13]. Seasonal influenza vaccination is well
tolerated, effective and results in reduced number of
URTI episodes and hospitalisation, albeit from studies
undertaken before current treatment regimens were insti-
tuted [10, 14]. Current national immunisation and inter-
national consensus guidelines recommend annual

seasonal influenza vaccination in patients with myeloma,
with Australian guidelines recommending two doses,
1 month apart in patients not previously vaccinated [15,
16].

Respiratory syncytial viruses pose a concern to clini-
cians managing patients with haematological malignan-
cies. We observed similar rates of RSV in our patient
cohort compared to other studies [17]. RSV episodes in
our population were associated with a modest ICU
admission rate (6.7 %) but no mortality. This is in
contrast to the expected mortality rates of RSV LRTI
of 10–30 % in predominantly allogeneic HSCT patient
populations [6]. LOS remained substantial at 18 days.
More research is required on the role of antiviral treat-
ments such as ribavirin in this patient population.

Our study has several limitations. This was a retro-
spective cohort study that used a positive viral result to
identify cases. Therefore, as the decision to perform
diagnostic evaluation for vRTI was determined by the
treating physician, there is likely to be a selection bias
favouring symptomatic and unwell patients. In addition,
patients with mild infections may present to their local
practitioner. Specific indications for ICU admission and
attributable cause of death were not determined. The lack
of verifiable vaccination history meant we were unable to
evaluate the impact of seasonal influenza vaccination on
the rates and outcomes of influenza vRTI in our cohort.

Our dedicated study of vRTI in patients with myeloma
managed with novel agents and ASCT has identified
receipt of multiple lines of therapy (>3) as a risk factor
for vRTI with disease progression an at risk period. vRTI,
in particular, influenza vRTIs are associated with morbid-
ity and mortality, highlighting the importance of preven-
tative measures (e.g. early treatment, vaccination) and
need for further research into treatment in patients with
myeloma.

Table 3 Crude and adjusted risk factors associated with viral respiratory tract infection in patients with multiple myeloma

Univariate Multivariate

Variable Number with a vRTI Number of patients OR
(95 % CI)

p value OR
(95 % CI)

p value

Age ≤65 years 52 185 0.48 <0.01 0.58 0.08

Age >65 years 23 145 (0.28–0.83) (0.31–1.07)

ASCT 44 156 2.23 0.03 1.24 0.46

No ASCT 31 174 (1.08–3.05) (0.69–2.24)

Received bortezomib 32 93 2.37 <0.01 1.21 0.59

No bortezomib 43 237 (1.38–4.06) (0.60–2.43)

≤3 lines of treatment 52 293 7.61 <0.001 5.92 <0.01

>3 lines of treatment 23 37 (3.67–15.78) (2.45–14.3)

vRTI viral respiratory tract infection, OR odds ratio, CI confidence interval, ASCT autologous haematopoietic stem cell transplant
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