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The association between hyperglycemia and infections during induction chemotherapy has been reported in a number of
hematologic disorders. This retrospective study evaluated the incidence of hyperglycemia during induction therapy in 155 patients
with newly diagnosed multiple myeloma (MM) and its effect on serious infections during the first 60 days of induction. A total
of 20 (12.9%) patients developed overt hyperglycemia (≥200mg/dL) during induction therapy. Serious infections occurred in 28
(18.1%) of 155 patients and infection-related mortality within 2 months after treatment was 0.6% (1 patient). In a univariate analysis,
overt hyperglycemia, poor performance status (≥2), International Staging System III, lymphopenia (<500/𝜇L), and elevated serum
creatinine (≥2mg/dL) were found to be associated with serious infections. In multivariate analysis, only overt hyperglycemia (HR
7.846, 95% CI 2.512–24.503, 𝑃 < 0.001) and poor performance status (HR 5.801, 95% CI 1.974–17.050, 𝑃 = 0.001) remained
significant. In conclusion, this study demonstrated an association between hyperglycemia and serious infections during induction
therapy in patients with MM.

1. Introduction

Infection is a major cause of morbidity and mortality in
patients with multiple myeloma (MM). The increased sus-
ceptibility to infection results from the interplay between
antineoplastic therapies and age- and disease-related compli-
cation [1]. In a retrospective study evaluating the incidence of
infection throughout the disease course in patients withMM,
nearly half of the patients experienced at least one clinically
significant infection in 2 months of initial chemotherapy [2].
Furthermore, one study reported that up to 10% of newly
diagnosed MM patients died of infectious cause within 60
days of their diagnosis [3]. These early infections are serious
problem in management of MM, but there were few studies
to examine the risk factor for early infections in patients with
MM.

Corticosteroid is amajor treatment agent as a single agent
or in combination with other agents in patients with MM.
Treatment with steroid could cause hyperglycemia regardless
of presence of diabetes mellitus, because it increases periph-
eral insulin resistance and glucose production and suppresses
insulin production [4–6]. Steroid induced hyperglycemia
has been reported as risk factor for poor clinical outcomes
in patients with hematologic malignancies. A retrospective
study reported that patients with acute leukemia having
blood glucose levels above 200mg/dL during chemotherapy
including oral dexamethasone have shorter complete remis-
sion duration and poor survival outcomes and are more
likely to develop infection over the next 10 years than control
patients [7]. Other reports also reported that hyperglycemia
is associated with increased mortality in patients with acute
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myeloid leukemia, and increased risk of severe sepsis in
hyperglycemic group seems to be partly responsible for the
increased mortality [8]. These data suggested that steroid
induced hyperglycemia may be an important risk factor for
the development of severe infection in patients with MM.

In this study, we evaluated the incidence of hyperglycemia
and its association with development of severe infection
during early period of initial chemotherapy in patients with
MM. We did not include patients with diabetes mellitus to
focus on steroid induced hyperglycemia and infection risk in
this study.

2. Methods

2.1. Patients. We retrospectively analyzed the records of
362 patients with newly diagnosed MM between November
2002 and February 2013 at Chonnam National University
Hwasun Hospital. We excluded 82 patients who did not
have available clinical and laboratory data at diagnosis and
follow-up. Twenty-four patients were excluded if they had
an active infection during the 7 days prior to initiation of
chemotherapy. We also excluded 80 patients who received
prophylactic antibiotics during first-line chemotherapy and
21 patients who had diabetes mellitus at diagnosis. Of the
patients with MM, 155 were included in this study.

2.2. Measurements andDefinitions. Fingerstick glucose levels
were monitored at least two times a day during hospi-
talization for initial diagnosis: fasting glucose and 2-hour
postprandial glucose. If patients showed high glucose levels
during steroid containing induction therapy, fingerstick glu-
cose levels were monitored more often (up to seven times
per day). Blood glucose levels were taken at a consistent
time points. Glucose levels were measured by ACCU-CHEK
Inform II (Roche, Mannheim, Germany). Plasma blood
glucose level was also checked in patients treated with further
chemotherapy at outpatient clinic. Patients were stratified
into three groups by World Health Organization criteria [9]
and glucose levels obtained in any time points were used to
classify patients into three groups. Mild hyperglycemia was
defined as blood glucose 140–200mg/dL on ≥2 days; overt
hyperglycemia was defined as blood glucose ≥200mg/dL on
≥1 day; all other patients were considered to have euglycemia.

The infectionwas defined as clinically documented (CDI)
when there were clinical signs and symptoms of infection
but no pathogen was isolated. If a pathogen was isolated
from a blood sample or culture of any site, it was defined as
microbiologically documented (MDI). The National Cancer
Institute Common Terminology Criteria (NCI-CTC) for
Adverse Events (version 4.0) were used to grade infectious
complication. Grades 3-4 infections were classified as severe
infections. A grade 3 infection was defined as a severe infec-
tion, systemic infection requiring intravenous antibiotics,
antifungal, or antiviral intervention. A grade 4 infection was
defined as life-threatening consequences. When severe infec-
tion developedwithin 60 days of induction chemotherapy, we
defined it as early severe infection.

2.3. Statistical Analyses. The univariate analysis of factors
associated with severe infection was performed using the 𝜒2
test. Among the factors, those with 𝑃 < 0.05 were selected
and included in the multivariate logistic regression analysis.
𝑃 < 0.05 was considered significant for all analyses. All
statistical computations were performed using SPSS software
package version 18.0 (SPSS Inc., Chicago, IL, USA)

3. Results

3.1. Patient Population. The median age was 61 years (range,
38–81) and 34.2% of patients were ≥65 years. Of all patients,
78 (50.3%) were male. A total of 82 patients (52.9%) had
MM of the IgG type and 24.5% had light-chain disease.
Performance status of 0, 1, and ≥2 was found in 24, 98,
and 33 patients, respectively. With regard to the Interna-
tional Staging System, 49 patients were stage I, 48 were
stage II, and 58 were stage III. Overweight (body mass
index (BMI): 25–29.9 kg/m2) and obese (BMI ≥ 30 kg/m2)
patients were 24.5% and 4.5%, respectively. All patients
received steroid containing regimen as first-line chemother-
apy. Twenty-one patients (13.5%) received prednisone, and
134 patients (86.5%) received dexamethasone. A total of
131 patients (84.5%) received a thalidomide-based regimen,
such as cyclophosphamide, thalidomide, and dexamethasone
(CTD), melphalan, prednisolone, and thalidomide (MPT),
and thalidomide and dexamethasone (TD). Ten patients
(6.5%) were treated with high-dose dexamethasone only.
Five patients (3.2%) received a bortezomib-based regimen.
One patient (0.6%) received a combination of lenalidomide
and low-dose dexamethasone. Eight patients (5.2%) were
treated with other conventional chemotherapies including
vincristine, adriamycin, and dexamethasone (VAD), mel-
phalan and prednisolone (MP), and cyclophosphamide with
prednisolone (CP) or dexamethasone (CD).

3.2. Incidence of Severe Infections. Severe infections occurred
in 28 (18.1%) of 155 patients, defined as CDI in 25 (16.1%)
and as MDI in 3 (1.9%). Among the severe infections,
the most common was pneumonia, which occurred in 20
patients (71.4%). Median time to early severe infection
was 20 days (range, 4–57). Three different organisms were
found in patients who experienced bacteremia or fungemia:
Streptococcus pneumoniae (1), Enterobacter aerogenes (1),
and Candida parapsilosis (1). Most of the infections were
cured with broad-spectrum antibiotics or antifungal agent
therapy, but one patient died due to severe infection within 2
months after treatment. There were no patients who inserted
central venous catheter before development of early severe
infections.

3.3. Glycemic Status and Infection. A total of 20 patients
(12.9%) developed overt hyperglycemia during the first 60
days of first-line chemotherapy. Forty-four patients (28.4%)
were with mild hyperglycemia and 91 patients (58.7%) were
with euglycemia. Severe infectionwasmore common in overt
hyperglycemic group rather than mild hyperglycemic and
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euglycemic group (Table 3). There was no significant associ-
ation between steroid formulation and overt hyperglycemia
(9.4% in prednisone versus 13.4% in dexamethasone, 𝑃 =
1.000).

The univariate analysis revealed that five factors were
significantly associated with early severe infection (Table 1):
blood sugar (≥200mg/dL), Eastern Cooperative Oncology
Group (ECOG) performance status ≥2, International Staging
System III, lymphopenia <500/𝜇L, and serum creatinine
≥2mg/dL. In multivariate analysis, only overt hyperglycemia
(HR 7.846, 95% CI 2.512–24.503, 𝑃 < 0.001) and poor
performance status (HR 5.801, 95% CI 1.974–17.050, 𝑃 =
0.001) remained significant (Table 2). Additionally, there
was no statistical difference in the development of severe
infections according to the formulation of steroid (5.0% in
prednisone versus 20.1% in dexamethasone, 𝑃 = 0.126).

4. Discussion

Introduction of stem cell transplantation and novel antim-
yeloma agents, including thalidomide, bortezomib, and lena-
lidomide, has improved the outcome of patients with MM
[10, 11]. These advances have transformed myeloma into
a chronic condition. However, infections still remain the
significant cause of morbidity and mortality in patients with
MM [3]. Infections may occur at the rate of 1.46–4.68
infections per patient-year over the course of MM [2, 12].
Especially, the incidence of infections is 2-3 times higher
during the first two months of initial chemotherapy. These
early infections may be fatal and were reported as a leading
cause of early death during the induction therapy. In addition,
early infections frequently lead to substantial delays and dose
reduction in subsequent chemotherapy with increased risk of
treatment failure [2]. There were well-known various factors
that contribute to the increasing risk of infection including
immunoparesis, the placement of vascular catheters, type
of therapy applied, extent of prior therapy, and presence of
comorbidities and organ dysfunction [1]. The use of steroid
also affects the development of infection. Dexamethasone-
based regimens decrease in cell-mediated immunity and
could increase the risk of infection by encapsulated bacterial
organisms, viruses, or fungi [13]. Hyperglycemia induced
by steroid could play a role of increased susceptibility of
infection [14]. However, for hyperglycemia as well as other
risk factors for infection, it is not known how much they are
contributing to the early occurrence of the infection.

In this retrospective study, we demonstrated that MM
patients in overt hyperglycemic group have significantly
higher rates of severe infection rather than mild hyper-
glycemic and euglycemic group during 2 months of initial
chemotherapy. This result is consistent with a previous study
of patients with adult or childhood acute lymphoblastic
leukemia [7, 15]. Although the use of systemic steroid may
increase the risk of infection through effects on innate
and acquired immunity, some studies support that acute
hyperglycemia itself affects all major components of innate
immunity and impairs the ability of the host to combat infec-
tion [16]. Acute hyperglycemia reduced neutrophil activity

Table 1: Univariate analysis of risk factor for early severe infections
during induction therapy (𝑛 = 155).

Variable Infection rates
18.1% (28/155) 𝑃 value OR (95% CI)

Gender
Male 17.9% (14/78) 1.000 1.016 (0.448–2.303)
Female 18.2% (14/77)

Age
<65 years 21.6% (22/102) 0.129 0.464 (0.176–1.227)
≥65 years 11.3% (6/53)

ECOG
performance status
<2 12.3% (15/122) 0.001 4.637 (1.918–11.211)
≥2 39.4% (13/33)

Immunophenotype
Others 19.7% (23/117) 0.470 0.619 (0.218–1.761)
Light chain 13.2% (5/38)

Body mass index
<25 kg/m2 20.9% (23/110) 0.174 0.473 (0.168–1.334)
≥25 kg/m2 11.1% (5/45)

ISS
I-II 10.3% (10/97) 0.002 3.915 (1.658–9.242)
III 31.0% (18/58)

Serum creatinine,
mg/dL
<2.0 14.0% (17/121) 0.022 2.926 (1.210–7.073)
≥2.0 32.4% (11/34)

Blood sugar during
induction therapy
<200mg/dL 12.6% (17/135) <0.001 8.484 (3.068–23.460)
≥200mg/dL 55.0% (11/20)

Early response
(after 2 cycles)
≥PR 15.0% (15/100) 0.196 1.754 (0.765–4.021)
<PR 23.6% (13/55)

Neutropenia
during induction
therapy
≥1,000/𝜇L 17.6% (22/125) 0.793 1.170 (0.428–3.201)
<1,000/𝜇L 20.0% (6/30)

Lymphopenia
during induction
therapy
≥500/𝜇L 12.9% (14/108) 0.022 2.848 (1.229–6.600)
<500/𝜇L 29.8% (14/47)

Treatment with
novel agents

Yes 18.9% (26/137) 0.531 1.874 (0.405–8.660)
No 11.1% (2/18)

ECOG: Eastern Cooperative Oncology Group; ISS: International Staging
System; PR: partial response.

such as chemotaxis, formation of reactive oxygen species, and
phagocytosis of bacteria, despite the accelerated migration of
leukocytes into peripheral tissue [17–20]. Whether there is a
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Table 2: Multivariate analysis of risk factors for early severe
infections during induction therapy (𝑛 = 155).

𝑃 value HR (95% CI)
Blood sugar ≥200mg/dL <0.001 7.846 (2.512–24.503)
ECOG performance status ≥2 0.001 5.801 (1.974–17.050)
ISS III 0.089 2.654 (0.862–8.171)
Lymphopenia <500/𝜇L 0.981 1.014 (0.334–3.077)
Serum creatinine ≥2mg/dL 0.444 1.560 (0.500–4.870)
ECOG: Eastern Cooperative Oncology Group; ISS: International Staging
System.

Table 3: Rates of severe infections between blood sugar groups
during induction therapy (𝑛 = 155).

Blood sugar
groups Infection rates 𝑃 value OR (95% CI)

<140mg/dL 10.9% (10/91) 1 (reference)
140–200mg/dL 15.9% (7/44) 0.422 1.532 (0.541–4.341)
≥200mg/dL 55.0% (11/20) <0.001 9.900 (3.299–29.709)

threshold glucose level for impaired immunity is unclear. In
vitro study suggested that a threshold glucose concentration
of 250mg/dL results in impaired phagocytic function and
bactericidal activity of polymorphonuclear leukocytes from
nondiabetic patients [21].

While most of risk factors for infection such as immu-
noparesis, comorbidities, and performance status are irre-
versible, hyperglycemia induced by steroid could be reve-
rsible. A study showed that tight glucose control reduced infe-
ction risk in hyperglycemic neurosurgical patients [22]. Strict
blood glucose control with intensive insulin therapy also
has been shown to reduce morbidity and mortality among
critically ill patients in a surgical intensive care unit [23].
However, it is still unclear whether strict glycemic control
improves outcome in patients with MM. Some trial did not
show significant difference in mortality in intensive glycemic
control group [24, 25].

There were some differences in our study compared to
previous studies. Patients with overt hyperglycemia during
chemotherapy were smaller than previously reported (19.9%
versus 58%). This may be due to the lower percentage of
obese patients (3.9%) in our study. In addition, glucose levels
were not checked in a standardized fashion and there was
no standard for glucose control because of retrospective
nature of this study. Therefore, the number of patients with
overt hyperglycemia may be underestimated. In addition, we
did not evaluate incidence of infections by dose of steroid,
because the number of patients was relatively small and they
received various induction regimens.

In conclusion, overt hyperglycemia during early period
of initial chemotherapy was associated with increased risk of
severe infection in patients with MM. Further prospective
studies are required to evaluate the clinical outcomes in
patients with MM.
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