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Background
Although survival outcomes of multiple myeloma (MM) have improved with the develop-
ment of new and effective agents, infection remains the major cause of morbidity and 
mortality. Here, we evaluated the efficacy of levofloxacin prophylaxis (in a real-world set-
ting) during bortezomib, melphalan, and prednisone (VMP) therapy in elderly patients 
with newly diagnosed MM.  

Methods
This study retrospectively analyzed the records of patients with newly diagnosed MM 
treated with the VMP regimen between February 2011 and September 2020 at three in-
stitutes of the Republic of Korea.

Results
Of a total of 258 patients, 204 (79.1%) received levofloxacin prophylaxis during VMP 
therapy. The median number of levofloxacin prophylaxis cycles was 4 (range, 1‒9), but 
10 patients did not complete the planned prophylaxis because of side effects. Sixty-six 
patients (25.5%) experienced severe infections during VMP therapy, most of which 
(74.7%) occurred within the first four cycles of VMP therapy regardless of levofloxacin 
prophylaxis status. Early severe infection was significantly associated with poor survival. 
In multivariate analysis, levofloxacin prophylaxis was significantly associated with a lower 
risk in early severe infection.

Conclusion
Our findings suggest that levofloxacin prophylaxis should be considered at least during 
the first four cycles of VMP therapy in elderly patients with newly diagnosed MM. 
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INTRODUCTION

Multiple myeloma (MM) is the second most common hem-
atological malignancy, characterized by clonal expansion of 
malignant plasma cells that produce a monoclonal im-
munoglobulin in the bone marrow, causing end-organ dam-
age such as hypercalcemia, renal failure, anemia, and osteo-
lytic bone lesions [1]. It accounts for approximately 10% 
of all hematological malignancies, and the incidence is gradu-

ally increasing over time [2]. Survival has improved with 
the development of new and effective agents over the past 
two decades, but the disease remains incurable, and patients 
may experience various complications during treatment 
[3-5]. 

Infection is a major cause of morbidity and mortality dur-
ing MM treatment. MM triggers a B-cell immune deficiency 
and hypogammaglobulinemia, increasing susceptibility to in-
fection by encapsulated organisms [6]. Lymphopenia, neu-
tropenia, or cytokines released by plasma cells worsen the 
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Table 1. Baseline clinical characteristics of all patients (N=258).

Variables  

Median age, years (range)   72 (64–86)
   ≥75-year, N (%)   81 (31.4)
Male, N (%) 135 (52.3) 
ECOG PS ≥2, N (%)   75 (29.1)
Immunoglobulin (Ig) type, N (%)
   IgG 153 (59.3)
   IgA   65 (25.2)
   IgM     3 (1.2)
   Light chain only   34 (13.2)
   Missing     3 (1.2)
International Staging System, N (%)
   I   41 (15.9)
   II   91 (35.3)
   III 124 (48.1)
   Missing     2 (0.8)
ACCI, N (%) 
   2   44 (17.1)
   3   93 (36.0)
   4   67 (26.0)
   5 or more   54 (20.9) 
Immunoparesisa), N (%) 193 (74.8)
LDH ＞ (1 ULN), N (%)   53 (20.5)
GFR ＜30 mL/min/1.73 m2   57 (22.1)
ANC ＜1,000×109/L, N (%)   11 (4.3)
ALC ＜800×109/L, N (%)   27 (10.5)
Cytogenetics, N (%)
   High   38 (14.7)
   Standard 174 (67.4)
   Not evaluable   46 (17.8) 

a)Immunoparesis is defined as suppression in the levels of 1 or 2 
uninvolved immunoglobulin.
Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; 
ALC, absolute lymphocyte count; ANC, absolute neutrophil count; 
ECOG, Eastern Cooperative Oncology Group; GFR, glomerular 
filtration rate; LDH, lactate dehydrogenase; N, number; PS, 
performance status; ULN, upper limit of normal value. 

immune defects [7-9]. Apart from the defects per se, advanced 
age, certain treatments, comorbidities, and catheter insertion 
can increase the infections in MM [10, 11]. In a pop-
ulation-based study with 9,253 patients with MM conducted 
in Sweden, those with MM were at 7-fold higher risk for 
infection than healthy participants, in which the risk was 
11-fold greater during the first year after diagnosis [12]. 
Infection was a major cause of early mortality within 12 
months in MM. In a previous study, 13.8% of patients died 
within 12 months of diagnosis; infection was the major cause 
(36.2%) of death within 12 months after diagnosis [13]. 
Therefore, antibiotic prophylaxis is considered to decrease 
the infection rate and improve survival in MM. However, 
the effectiveness of antibiotic prophylaxis remains unclear 
in terms of the infection rate, emergence of resistant bacteria, 
and side effects. In addition, the most appropriate prophy-
lactic antibiotics and their duration of use had received little 
attention.

Here, we evaluated the efficacy of levofloxacin prophylaxis 
in elderly patients with newly diagnosed MM who received 
bortezomib, melphalan, and prednisone (VMP) regimen. 

MATERIALS AND METHODS

Patients 
We retrospectively analyzed the records of patients with 

newly diagnosed MM treated with VMP regimen between 
February 2011 and September 2020 at three institutes of 
the Republic of Korea. Patients with active infections at 
the time of diagnosis and those who commenced levofloxacin 
prophylaxis after the first cycle of VMP therapy were 
excluded. In addition, we excluded monoclonal gammopathy 
of undetermined significance, non-secretory MM, and plas-
ma cell leukemia. The study was approved by the Institutional 
Review Boards of each participating institution and was con-
ducted in accordance with the Declaration of Helsinki. 

Definitions
The infectious complication grades were those of the 

National Cancer Institute Common Terminology Criteria 
(NCI-CTC) for Adverse Events (version 5.0). A grade 3 in-
fection was a systemic infection requiring intravenous anti-
biotics, antifungal, or antiviral intervention. A grade 4 in-
fection was life-threatening. A grade 5 infection caused 
death. Grade 3–5 infection was classified as severe infection 
in this study. In addition, severe infection that occurred 
within the first four cycles was defined as early severe 
infection. The Charlson Comorbidity Index (CCI) was calcu-
lated at the time of diagnosis based on the clinical history, 
laboratory, and radiological tests. The age-adjusted CCI 
(ACCI) was calculated by adding the comorbidity score to 
the age score, which adds 1 point per decade to ages ＞40 
years [14]. Treatment response was assessed on the first day 
of each cycle using the International Myeloma Working 
Group criteria [15]. Chromosomal abnormalities (CAs) were 
evaluated at the time of diagnosis using conventional cytoge-

netic studies or fluorescence in situ hybridization. A high-risk 
CA was defined when at least one of del(17p), t(4;14), or 
t(14;16) was present. 

Statistical analysis 
Univariate analysis of factors associated with severe in-

fection was performed using the 2 test. Factors associated 
with P-values ＜0.1 were included in multivariate logistic 
regression analysis. Progression free survival (PFS) was calcu-
lated from the day of diagnosis to the day of disease pro-
gression or death from any cause. Overall survival (OS) was 
the period from the day of diagnosis to the date of the 
last follow-up or death from any cause. PFS and OS were 
evaluated using the Kaplan-Meier calculated and compared 
using the log-rank test. All statistical analyses were per-
formed using the Statistical Package for the Social Sciences 
(SPSS) software (ver. 25; SPSS, Chicago, IL, USA). A P-value 
＜0.05 was considered significant. 
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Fig. 1. Rates of severe infection by levofloxacin prophylaxis status of 
patients during bortezomib, melphalan, and prednisone (VMP) 
therapy.

Table 2. Summary of severe infections developed during 
bortezomib, melphalan, and prednisone therapy.

Type of infection, N (%) 

Respiratory 55 (69.6)
Urinary tract   5 (6.3)
Gastrointestinal 10 (12.6)
Hepatobiliary   4 (5.1)
Sepsis/bacteremia   1 (1.3)
Skin/soft tissue   2 (2.5)
Joint   1 (1.3)
Unknown   1 (1.3)

Pathogenic microorganism, N (%)

Streptococcus pneumoniae   2 (2.5)
Klebsiella pneumonia   2 (2.5)
Escherichia coli   3 (3.8)
Staphylococcus aureus, methicillin-susceptible   1 (1.3)
Nocardia farcinica   1 (1.3)
Bacillus species   1 (1.3)
Burkholderia   1 (1.3)
Enterococcus faecalis   1 (1.3)
Influenza type A   5 (6.3)
Influenza type B   1 (1.3)
   Respiratory syncytial virus   1 (1.3)
   Candida krusei   1 (1.3)
   Pneumocystitis jiroveci   1 (1.3)
   Clostridium difficila)   2 (2.5) 
   Unknown 56 (70.8)

a)Two cases in the levofloxacin prophylaxis group.

RESULTS

Patient population
A total of 258 patients were included. The clinical charac-

teristics of the patients are summarized in Table 1. The 
median age was 72 years (range, 64–86 yr), and 31.4% were 
aged ≥75 years. Forty-one patients (15.9%) were classified 
as International Staging System (ISS) I, 35.3% as ISS II, and 
48.1% as ISS III. Most patients (71.0%) exhibited an Eastern 
Cooperative Oncology Group (ECOG) performance status 
(PS) of 0 or 1, 22.5% an ECOG PS of 2, 4.7% an ECOG 
PS of 3, and 1.9% an ECOG PS of 4. A total of 132 patients 
(51.2%) had comorbidities at the time of diagnosis. The me-
dian ACCI was 3 (range, 2–10). Of all patients, 57 (22.1%) 
exhibited glomerular filtration rates ＜30 mL/min at the 
time of diagnosis. Fourteen patients (5.4%) were placed on 
hemodialysis at the time of diagnosis. Cytogenetic data were 
collected from 212 patients at the time of diagnosis, in which 
38 (14.7%) had evidenced of high-risk cytogenetics. 

The median number of VMP cycles was 9 (range, 1–9), 
in which 133 patients (51.6%) completed the 9 cycles. Of 
all patients, 204 (79.1%) received levofloxacin prophylaxis 
during VMP therapy; however, 54 (20.9%) were not pre-
scribed with any antibiotic apart from an antiviral prophy-
laxis with oral acyclovir. In the levofloxacin prophylaxis 

group, most patients were prescribed once a day of 500 
mg tablet; however, 250 mg tablet was prescribed for 21 
patients because of decreased renal function. The median 
number of levofloxacin prophylaxis cycles was 4 (range, 1–9). 
The duration of levofloxacin prophylaxis was at the discretion 
of the clinician; however, 20 patients did not complete the 
planned levofloxacin prophylaxis. Six patients discontinued 
levofloxacin prophylaxis because of a generalized skin rash 
(5) or itching (1) during the first VMP cycle. Three patients 
discontinued levofloxacin prophylaxis because of gastro-
intestinal discomfort during the first or second VMP cycle. 
One patient stopped levofloxacin because of QT interval 
prolongation during the third VMP cycle. Ten patients stop-
ped levofloxacin for unknown reasons. Trimethoprim-sulfa-
methoxazole (TMP-SMX) prophylaxis against Pneumocystis 
jirovecii pneumonia was prescribed for 50 patients in the 
levofloxacin group and for 47 patients who did not receive 
levofloxacin. 

Incidence and characteristics of severe infection 
Of all patients, 66 (25.5%) experienced severe infections 

during VMP therapy, in which 5 developed two severe in-
fections and 4 developed three severe infections. Therefore, 
the total was 79 severe infections over 1,709 cycles of VMP 
therapy. Overall, 69 patients (40.5%) had grade 3, 4 (5.1%) 
had grade 4, and 6 (7.6%) had grade 5 infections. The severe 
infection rates were somewhat higher in the no-prophylaxis 
than the levofloxacin prophylaxis group, but the difference 
was not significant (33.3% vs. 23.5%, P=0.142). Every episode 
of severe infections was summarized in Table 2. The most 
common was a respiratory infection [55 episodes (69.6%)]. 
Twenty-three-episodes (29.2%) yield pathogenic organisms 
in microbiological culture or polymerase chain reaction 
(PCR) testing, but most (70.8%) did not. Most infections 
were treated with broad-spectrum antibiotics. Six patients 
died, including 4 in the no-levofloxacin group and 2 in the 
levofloxacin group. Two episodes of Clostridium difficile 
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Fig. 2. Kaplan-Meier curves for progression-free survival (PFS) and overall survival (OS) in all patients (A, B) and those who experienced early severe 
infections (C, D).

colitis developed in patients receiving levofloxacin. One epi-
sode of P. jiroveci pneumonia developed in a patient but 
not on TMP-SMX prophylaxis.

Prognostic impact of early severe infection 
Fig. 1 shows the frequencies of severe infections by each 

cycle of VMP therapy in patients on levofloxacin prophylaxis 
or those who are not. Most infections (74.7%) occurred in 
the first four cycles of therapy, regardless of levofloxacin 
prophylaxis status. The severe infection frequency was the 
highest during the first cycle and then decreased gradually. 
The early severe infection rate (within four cycles) was sig-
nificantly lower in the levofloxacin prophylaxis group than 
the no-prophylaxis group (17.6% vs. 31.5%, P=0.025).

We explored whether early severe infection affected 
survival. After overall median follow-up for 35.0 months 
(range, 0.4–110.1), the median PFS was 19.4 months [95% 
Confidence Interval (CI), 17.1–21.8], whereas the median 
OS was not reached (Fig. 2A, B). Patients with early severe 
infections exhibited significantly inferior PFS and OS than 
those lacking such infections [PFS, 10.5 mo (95% CI, 8.0–13.0) 
vs. 21.8 mo (95% CI, 18.0–25.6), P＜0.001; OS, 37.8 mo 
(95% CI, 18.3–57.2) vs. not reached, P＜0.001, Fig. 2C, D]. 

In univariate and multivariate analysis, early severe infection 
was an independent prognostic factor for PFS and OS 
(Supplementary Table 1). 

Factors associated with early severe infection 
Both univariate analysis and multivariate analyses revealed 

that three factors were significantly associated with early 
severe infection (Table 3): low serum levels of albumin [≤3.5 
g/dL; Odd Ratio (OR), 2.962; 95% CI, 1.495–5.871; P=0.002]; 
deep response after VMP therapy (≥a very good partial 
response; OR, 0.417; 95% CI, 0.205–0.847; P=0.016); and 
levofloxacin prophylaxis (OR, 0.461; 95% CI, 0.220–0.964; 
P=0.040). 

We also explored whether a recent model in predicting 
the risk of early severe infection [16] was effective in patients 
who were treated with VMP therapy. Of all patients, 134 
(51.9%) were classified as high-risk. Compared to the 
low-risk group, these patients did not differ significantly 
in terms of the early severe infection rate (16.9% vs. 23.8%, 
P=0.168). However, in the subgroup analysis of patients not 
on levofloxacin prophylaxis, the high-risk group exhibited 
a significantly higher early severe infection rate than the 
low-risk group (46.6% vs. 12.5%, P=0.007). In addition, in 
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Table 3. Univariate and multivariate analyses of risk factors in early severe infection during bortezomib, melphalan, and prednisone therapy.

Variable
Univariate analysis Multivariate analysis

Infection rate, N (%) P OR (95% CI) P OR (95% CI)

Age ≥75 years 21 (25.9) 0.148 1.586 (0.847–2.970)
Gender 
   Female 24 (19.5) 0.696 0.886 (0.483–1.625)
ECOG PS ≥2 21 (28.0) 0.058 1.835 (0.975–3.453) 0.469 1.298 (0.64–2.626)
Immunoparesis
   Yes 41 (21.2) 0.938 1.030 (0.487–2.176)
ACCI ≥4 28 (23.1) 0.332 1.349 (0.736–2.471)
ISS III 25 (20.2) 0.954 0.982 (0.534–1.806)
CrCl ＜30 mL/min 12 (21.1) 0.914 1.041 (0.505–2.145)
LDH
   High 15 (28.3) 0.093 1.809 (0.900–3.636) 0.100 1.868 (0.888–3.929)
S2MG ≥5.5 mg/L 27 (21.4) 0.731 1.112 (0.608–2.035)
Serum albumin 
   ＜3.5 g/dL 38 (29.9) ＜0.001 3.302 (1.709–6.378) 0.002 2.962 (1.495–5.871)
ANC ＜1,000/L 3 (27.3) 0.572 1.478 (0.378–5.772)
ALC ＜800/L 5 (18.5) 0.783 0.866 (0.312–2.407)
Hemoglobin  ≤11 g/dL 46 (22.0) 0.228 1.693 (0.713–4.019)
Spinal fracture 
   Yes 28 (23.3) 0.360 1.327 (0.724–2.434)
Best response 
   ≥VGPR 14 (12.3) 0.003 0.377 (0.193–0.736) 0.016 0.417 (0.205–0.847)
TMP-SMX use
   Yes 24 (24.7) 0.195 1.496 (0.812–2.759)
Levofloxacin 
    Yes 36 (17.6) 0.025 0.466 (0.237–0.919) 0.040 0.461 (0.220–0.964)

Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CrCl, 
creatinine clearance; ECOG, Eastern Cooperative Oncology Group; ISS, International Staging System; LDH, lactate dehydrogenase; PS, 
performance status; S2MG, serum 2-microglobulin; TMP-SMX, trimethoprim-sulfamethoxazole; VGPR, very good partial response. 

the subgroup analysis of the high-risk group, patients on 
levofloxacin prophylaxis exhibited a significantly lower early 
severe infection rate than patients not on levofloxacin (21.1% 
vs. 50%, P=0.002). 

DISCUSSION

This real-world study found that severe infections in eld-
erly patients with newly diagnosed MM were common dur-
ing the first four cycles of VMP therapy, and such infections 
were significantly associated with poor survival. In general, 
elderly patients with MM may be more susceptible to in-
fection than younger patients because of poor performance 
status, comorbidities, or sensitivity to toxicities. In addition, 
severe infection during treatment can trigger treatment delay 
or discontinuation; thus, affecting the outcomes. In the FIRST 
trial, severe infections were common in the first 4 months 
of treatment and significantly predicted poor OS [hazard 
ratio (HR), 9.1; 95% CI, 5.6–14.6; P＜0.0001] [16]. Therefore, 
prevention of early severe infection is important to allow 
maintenance of treatment and to improve survival outcomes 
in elderly with MM. In this study, most patients (79.1%) 
received levofloxacin to prevent infection during VMP ther-

apy, which decreased the early severe infection rate. The 
effectiveness of antibiotic prophylaxis in terms of preventing 
severe infections was not evident in a small, randomized, 
prospective trial, in which patients received daily cipro-
floxacin or TMP-SMX during the first 2 months of treatment 
[17]. Most bacteria are now resistant to TMP-SMX [18, 19], 
in which ciprofloxacin does not counter Gram-negative in-
fections well; thus, these agents may not prevent severe 
infection during MM treatment. In a recent large, multi-cen-
ter, double-blinded, placebo-controlled, randomized, phase 
3 trial, prophylactic levofloxacin during the first 12 weeks 
of anti-myeloma therapy significantly reduced febrile epi-
sodes and deaths compared to those in a placebo group [20]. 
However, the isolation rates of C. difficile, an ex-
tended-spectrum beta-lactamase-producing Gram-negative 
bacteria, and methicillin-resistant Staphylococcus aureus did 
not differ between the two groups. Levofloxacin has potency 
against not only gram-negative bacteria but also gram-pos-
itive pathogens; thus, preventing severe infections during 
the first four therapy cycles in patients with MM. 

In this study, seven viral infections (six caused by influen-
za) were confirmed by PCR testing, and some respiratory 
infections were clinically presumed to be viral. Influenza 
causes three to five million severe illnesses and approximately 
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290,000–650,000 deaths annually, particularly in young chil-
dren or elderly participants with comorbidities or who are 
immunosuppressed [21]. 

Several studies have reported that age, neutropenia, lym-
phopenia, disease burden, platelet count, and renal impair-
ment predict infections in patients with MM [22, 23]. We 
found that a low serum level of albumin and a poor response 
to MM treatment were significantly associated with a higher 
severe infection rate. There is no confirmed predictor of 
infection in patients with MM; however, studies have dif-
fered in terms of primary endpoints, and the populations 
have been heterogeneous. Recently, a model in predicting 
the risk of early severe infection was developed in patients 
of the FIRST trial [16]. In that study, a scoring system based 
on serum levels of 2-microglobulin, ECOG PS, hemoglobin, 
and lactate dehydrogenase levels indicated significantly dif-
ferent early severe infection rates (24.0% vs. 7.0%, P
＜0.0001) in those on (or not on) prophylaxis. In our study, 
this model predicted early severe infection in patients with 
MM, but not on levofloxacin. In addition, the early severe 
infection rate in the high-risk group predicted by the model 
was reduced by levofloxacin. Therefore, prophylactic levo-
floxacin should be prescribed in patients with MM. 

Our work had certain limitations. Because of its retro-
spective nature, the numbers in the two groups differed. 
Patients who did not receive levofloxacin prophylaxis were 
relatively small. Physicians prescribed levofloxacin prophy-
laxis during induction therapy in the absence of any clear 
recommendation. The duration of levofloxacin was quite 
heterogeneous. Therefore, it was difficult to analyze the pre-
ventive effect of levofloxacin in this study. In addition, most 
pathogenic organisms were not identified; thus, we could 
not determine whether the incidence of severe bacterial 
infections was reduced by levofloxacin. 

In conclusion, severe infections frequently developed dur-
ing the first four cycles of VMP therapy in elderly patients 
with newly diagnosed MM. Early severe infection was sig-
nificantly associated with poor survival. Levofloxacin sig-
nificantly reduced the early severe infection rate. We suggest 
that levofloxacin prophylaxis is valuable during at least the 
first four cycles of VMP therapy in elderly patients with 
newly diagnosed MM.
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Supplementary Table 1. Factors influencing progression free survival (PFS) and overall survival (OS) in all patients.

Variables

PFS OS

Univariate Multivariate Univariate Multivariate

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age ≥75 years 1.300 0.943–1.793 0.109 1.572 0.979–2.524 0.061
Gender (male) 0.792 0.587–1.067 0.125 0.918 0.583–1.444 0.710
ECOG PS ≥2 1.893 1.378–2.600 ＜0.001 1.458 1.007–2.112 0.046 2.160 1.358–3.434 0.001 1.802 1.107–2.934 0.018
LDH >ULN 1.725 1.198–2.484 0.003 2.220 1.421–3.469 ＜0.001 2.534 1.542–4.162 ＜0.001 2.592 1.531–4.387 ＜0.001
ACCI ≥4 1.009 0.748–1.360 0.954 1.220 0.771–1.929 0.395
Creatinine 
＜30 mL/min

1.006 0.702–1.444 0.972 1.350 0.802–2.273 0.258

ISS III 1.444 1.072–1.945 0.016 0.617 0.085–4.462 0.632 1.688 1.065–2.676 0.026 0.141 0.018–1.139 0.066
Cytogenetic 

high risk
1.707 1.140–2.558 0.009 1.349 0.866–2.099 0.185 1.350 0.730–2.498 0.339

S2MG 
≥5.5 mg/L

1.486 1.104–2.001 0.009 2.141 0.299–15.321 0.448 1.784 1.123–2.834 0.014 12.559 1.550–101.736 0.018

Albumin 
＜3.5 g/dL

1.985 1.464–2.691 ＜0.001 1.890 1.302–2.743 0.001 2.025 1.264–3.247 0.003 1.759 1.062–2.913 0.028

Early severe 
infection

2.349 1.659–3.327 ＜0.001 1.768 1.160–2.695 0.008 2.672 1.641–4.352 ＜0.001 2.083 1.220–3.556 0.007

Beast response
≥VGPR

0.421 0.310–0.572 ＜0.001 0.415 0.291–0.592 ＜0.001 0.330 0.198–0.552 ＜0.001 0.329 0.193–l0.563 ＜0.001

Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group 
performance status; HR, hazard ratio; ISS, International Staging System; LDH, lactate dehydrogenase; S2MG, serum 2-microglobulin; 
ULN, upper limit of normal; VGPR, very good partial response.


