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Introduction

Since the introduction of novel agents, especially in the
context of autologous transplantation, overall survival (OS)
and progression-free survival (PFS) in multiple myeloma
(MM) have been extended to more than seven and four years,
respectively.1 It is now recognized that the dominant adverse
features for outcome relate to MM genetics, captured by
metaphase cytogenetic abnormalities,2 fluorescence in situ
hybridization (FISH)-derived amp1q213 and del17p4 and,
more recently, gene expression profiling (GEP)-derived high
risk.5 While present in a minority of newly diagnosed MM
patients, these severe prognostic markers increase with dis-
ease progression. Additional challenges arise towards the end
stage of MM when many patients further present with
cytopenia due either to extensive bone marrow involvement,
exhausted hematopoiesis or myelodysplastic syndrome
(MDS). 
Applied with anti-angiogenic therapeutic intent, thalido-

mide proved to be a major breakthrough in the treatment of
relapsed/refractory MM6 and MM in general.7,8 Based on the
concept that low-dose continuous application of certain cyto-
toxic drugs (e.g. doxorubicin, cis-platinum, cyclophos-
phamide) can inhibit tumor progression by interrupting neo-
angiogenesis without increasing toxicity in experimental
models and clinical practice,9-12 we developed a treatment

schema of metronomically scheduled drug therapy, especially
in the setting of pancytopenia, for relapsed/refractory MM.13

We are now up-dating our experience in 186 patients treated
with metronomic therapy between March 2004 and January
2012, with a median follow-up period of 26 months. 

Design and Methods

Patients
One hundred and eighty-six patients with relapsed/refractory MM

between 31 and 82 years of age received at least one cycle of metro-
nomic therapy at the Myeloma Institute of Research and Therapy of
the University of Arkansas for Medical Sciences (Little Rock, AR,
USA) between March 2004 and January 2012. All data were collected
prior to November 29, 2012. Metronomic therapy was applied off-
protocol to provide maximum flexibility in dosing. Patients signed a
written informed consent in keeping with institutional and federal
guidelines. The institutional review board approved the review of the
patients’ data and outcomes toward the generation of this report.

Metronomic therapy
While variations in dosing occurred, the main elements of metro-

nomic therapy consisted of bortezomib: 1.0 or 1.3 mg/m2 on Days 1,
4, 7, 10, 13, 16; thalidomide: 200 mg daily for 16 days; dexametha-
sone: 12, 20 or 40 mg on Days 1, 4, 7, 10, 13, 16; doxorubicin: 1-3
mg/m2 as continuous 24-h intravenous infusion for 16 days; cisplatin:
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Relapsed/refractory multiple myeloma represents a major challenge in multiple myeloma therapy. For patients
with relapsed/refractory multiple myeloma, we developed a treatment schema of metronomically scheduled drug
therapy. We identified 186 patients who had been treated with metronomic therapy between March 2004 and
January 2012 with a median follow up of 24.2 months. Median age was 61 years (range 36-83). Median number
of prior therapies was 14 (range 1-51). Median number of completed metronomic therapy cycles was 1 (range 1–
5), while 45 of 186 (25%) received 2 or more cycles. Responses included complete remission in 11 of 186 patients
(6%), very good partial remission in 12 of 186 (7%), partial remission in 65 of 179 (36%), and minimal response
in 29 of 186 (16%), for an overall response rate of 63% (117 of 186). Median overall survival and progression-free
survival were 11.2 and 3.6 months, respectively. Hematologic toxicity grading was problematic as 146 of 186
(78%) of patients presented with at least grade 2 thrombocytopenia within 90 days prior to starting metronomic
therapy. Grade 4 leukopenia, anemia, and/or thrombocytopenia following metronomic therapy occurred in 108 of
186 (58%), 12 of 186 (6%), and 147 of 186 (79%) patients, respectively. Incidence of grade 3-4 neutropenic fever
was 4 of 186 (2%). Most patients (177 of 186, 95%) were treated in an outpatient unit and secondary admissions
due to regimen-related toxicity occurred in 37 of 186 (20%). Treatment-related mortality was evident in 2 of 186
(1%). In conclusion, metronomic therapy is an effective late salvage treatment in relapsed/refractory multiple
myeloma, with a high overall response rate and a favorable toxicity profile.
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1.0-3 mg/m2 (adjusted according to renal function) as continuous
24-h intravenous infusion for 16 days, with or without the addi-
tion of the m-TOR inhibitor rapamycin: 3 mg on Day 1, then 1 mg
for Days 2–16 (depending on renal function). For patients with a
creatinine level of 2.0 mg/dL or over at the initiation of therapy,
cisplatin and rapamycin were omitted. When side effects attrib-
uted to specific drugs of the regimen developed during the course
of treatment, doses were lowered or drug administration was
interrupted before resuming the intended completion of 16 days of
treatment. In the majority of the cases, infusions were adminis-
tered through a central venous catheter by using a portable infu-
sion pump. With each cycle, patients received infection prophy-
laxis with fluconazole 200 mg daily by oral administration (PO),
levofloxacin 500 mg PO daily, and acyclovir 400 mg PO twice a
day. The use of hematopoietic growth factors varied according to
patient condition. 

Statistical analysis
Response and toxicity were assessed in 186 patients in accor-

dance with the intent-to-treat principle. Response criteria used
were the latest of the International Myeloma Working Group
(IMWG).14 Toxicity was estimated using the National Cancer
Institute Common Toxicity Criteria version 3.0.15

Overall survival (OS) and progression-free survival (PFS) were
measured from the time of initiation of metronomic therapy.
Events used in determining OS were death from any cause and for
PFS included death from any cause, disease relapse, or disease pro-
gression. Kaplan-Meier statistical methods were used for OS and
PFS, and the log rank test was used for comparisons. Cox propor-
tional hazards regression modeling was used to determine which
base-line parameters significantly affected the aforementioned
end points. Logistical regression analysis was used to determine
which factors were associated with the achievement of various
response levels. 

Results

Patients’ characteristics
Patients’ characteristics are listed in Table 1. Median age

of the patient population was 61 years (range 36-83); 20%
were older than 70 years. There was a high prevalence of
abnormal results on standard clinical laboratory tests with
known prognostic significance in MM. Furthermore, 84
(45%) patients had abnormal levels of creatinine (≥1.3
mg/dL), a factor that has recently been recognized to have
adverse prognostic effect in relapsed/refractory MM
patients.16 Metaphase cytogenetic abnormalities (CA)
within six months prior to the initiation of metronomic
therapy were evident in 111 of 186 (60%). Of the 186
patients, 71 had gene expression profiling (GEP) within six
months prior to metronomic therapy; 36 of 71 (51%) and
44 of 71 (65%) of them were classified as high risk accord-
ing to the 70-gene (GEP70)5 and 80-gene (GEP80)17 risk
models, respectively. Extra-medullary disease (EMD) was
apparent via positron emission tomography (PET) just
prior to metronomic therapy initiation in 11 of 94 patients
(12%). 
Median number of prior therapies was 14 (range 1-51),

where participation in Total Therapy (TT) protocols was
considered one line of treatment. At least one prior autol-
ogous transplantation had been applied on or off protocol
in 148 of 186 (79%) patients. More than 90% of patients
had been exposed to novel agents such as bortezomib,
thalidomide and lenalidomide, often in combination
(Table 1).
The incidence of cytopenia prior to the initiation of

metronomic therapy was relatively high (Table 2). These
cytopenias were due to extensive bone marrow infiltra-
tion of more than 70% in 40 out of 176 evaluable patients
(23%). Cytotoxicity from chemotherapy, exhausted
hematopoiesis and/or concurrent clinical myelodysplastic
syndrome (MDS) was also considered as contributing to
cytopenias. The most frequently occurring grade 2 or over
pre-existing non-hematologic toxicities were elevated cre-
atinine greater than 1.3 mg/dL in 84 patients (45%), ele-
vated liver enzymes (SGOT>41 IU/L) in 76 (41%), and
sensory neuropathy in 72 (39%) with 32 (17%) showing
grade 3 leukopenia (Table 2 and Online Supplementary Table
S1). Thirty-seven (20%) patients had a hospitalization
event within 60 days before metronomic therapy initia-
tion. Median number of cycles of metronomic therapy
was 1 (range 1-5) with 47 (25%) receiving 2 or more. 
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Table 1. Patients’ characteristics.*
Factor                                                                    n/N (%)

Clinical features                                                                         
Age ≥ 65 years                                                              65/186 (35%)
Female                                                                           65/186 (35%)
Albumin < 3.5 g/dL                                                     101/186 (54%)
B2M ≥ 3.5 mg/L                                                           108/171 (63%)
B2M > 5.5 mg/L                                                            59/171 (35%)
Creatinine ≥ 2.0 mg/dL                                              18/186 (10%)
CRP ≥ 8 mg/L                                                               100/186 (54%)
LDH ≥ 190 U/L                                                              78/185 (42%)
Platelet count < 150x109/L                                        166/185 (90%)
Hb < 10 g/dL                                                                107/185 (58%)
Genetics                                                                                       
Metaphase abnormalities (CA)                              111/186 (60%)
GEP 70-gene high-risk                                                 36/71 (51%)
GEP 80-gene high-risk                                                 44/71 (62%)
Prior transplants                                                                        
0                                                                                       39/186 (21%)
1                                                                                       27/186 (15%)
≥2                                                                                    120/186 (64%)
Novel agents                                                                               
Bortezomib                                                                  183/186 (98%)
Thalidomide or lenalidomide                                  184/186 (99%)
Bortezomib/IMID combination                               178/186 (96%)

*Data shown are the closest available prior to the initiation of the first metronomic ther-
apy.

Table 2. Toxicities within 90 days prior to initiation of metronomic ther-
apy.
Prior toxicity* Grade^

1 2 3 4 Total

Thrombocytopenia 28 17 28 107 180
Anemia 24 54 90 8 176
Leukopenia 18 42 32 81 173
Creatinine increase 46 28 5 5 84
SGOT (AST) increase 65 7 4 0 76
Sensory neuropathy 40 27 5 0 72
*Maximum grade of toxicity within 90 days prior to initiation of therapy; ^Grading and
terminology according to CTCAE v3.0.15
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Response and survival
According to IMWG criteria,14 11 (6%) of the 186 metro-

nomically-treated population achieved complete response
(CR), 12 (7%) achieved very good partial response (vgPR),
65 (36%) achieved partial response (PR), and 29 (16%)
achieved minimal response (MR), for an overall response
rate (ORR) of 117 of 186 (63%) (Table 3). Stable disease
(SD) was achieved by 33 (18%) of the patients, with only
36 of 186 (19%) having disease progression. The median
time to best response was 27 days (range 6-203). CR
occurred most frequently in patients with ISS stage 1 dis-
ease. 
Median durations of OS and PFS were 11.2 and 3.6

months, respectively (Figure 1). OS and PFS were not
linked to the level of response achieved (Figure 2). Neither
OS nor PFS were affected by age (≥ 65 years), serum albu-
min (< 3.5 g/dL), LDH (≥ 190 U/L) or creatinine (≥ 2.0
mg/dL) (data not shown). Importantly, OS and PFS were
both adversely affected by the presence of CA (Figure 3).
OS was inferior with C-reactive protein (CRP) 8.0 mg/L or
over (P=0.005), B2M more than 5.5 mg/L (P=0.017) (Table
4). CRP 8.0 mg/L or over and CA retained significance in
multivariate analysis (HR=1.72, P=0.008 and HR=2.58,
P<0.001, respectively). 
For the 71 patients with available GEP within six

months prior to the initiation of metronomic therapy, OS
was inferior in high-risk MM in both the GEP70 and
GEP80 models (HR=2.42, P=0.005 for GEP70 and
HR=1.79, P=0.07 for GEP80; univariate analysis) (Figure
4A). Proliferation Index as measured by GEP was an

important correlate to OS in univariate analysis (HR=2.00,
P=0.028). GEP70 risk designation also correlated with OS
using the multivariate regression model (HR=2.64,
P=0.003), along with CRP 8.0 mg/dl or over (HR=2.17,
P=0.013). Superior results in terms of OS were evident for
the group of patients who were both low risk in the
GEP70 model and had a normal base-line karyotype
(P=0.0002) (Figure 5A).  In the context of GEP data, no
variable could achieve statistical significance for PFS
regardless of whether CA were taken into account or not
(Figures 4B and 5B).
Of the 186 patients, 53 had PET examinations before

and after metronomic therapy within two months from
initiation and did not receive other intervening therapy.
Positive response in maximum standardized uptake FDG
values (SUVmax) to values 3.9 or less tended to improve
OS (HR=0.45, P=0.081) and was unrelated to PFS. EMD
diagnosed by PET-CT was present in 11 cases and showed
a clear tendency towards statistical significance to
adversely affect both OS and PFS (HR=2.24, P=0.095 and
HR=2.27, P=0.051 for OS and PFS, respectively) (Table 4).
Out of these 11 patients, 8 responded to metronomic
treatment with a greater than 50% reduction in tumor size
and suppression of SUV to base-line levels. 

Toxicity
Patients were monitored for toxicity for two months

after the initiation of metronomic therapy (Table 5 and
Online Supplementary Table S2). Most patients were treated
in an outpatient unit (177 of 186, 95%). Secondary admis-

Metronomic therapy in myeloma
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Table 3. Patients’ responses.
Response n/N (%)

CR* 11/186 (6%)
VGPR* 12/186 (7%)
PR* 65/186 (36%)
MR* 29/186 (16%)
Overall response rate 117/186 (63%)

*Evaluated according to the latest IMWG criteria (see main text).

Figure 1. Kaplan-Meier plots of overall survival (OS) and progression-
free survival (PFS) from initiation of metronomic therapy.

Figure 2. Kaplan-Meier plots of overall survival (OS) (A) and progres-
sion-free survival (PFS) (B) according to response by IMWG criteria
(MR or better) from 60 days from initiation of metronomic therapy.

Metronomic overall and progression-free survival 
Median follow up in months, 24.2

Metronomics overall survival by response 
landmarked at 60 days from start of metronomic therapy

Metronomics progression-free survival by response 
landmarked at 60 days from start of metronomic therapy
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sions due to any cause (regimen-related toxicity or MM)
occurred in 59 patients (32%), and secondary admissions
thought to be due to regimen-related toxicity were esti-
mated to have occurred in 37 patients (20%). Treatment-
related mortality (TRM) was only 1% (2 of 186). Grade 4
leukopenia, anemia, and thrombocytopenia due to metro-
nomic therapy occurred in 108 (58%), 12 (6%), and 147
(79%) patients, respectively. Hematologic toxicity was dif-
ficult to evaluate as the majority of the patients had pre-
existing cytopenia (Table 2). Interestingly, evolving treat-
ment-related clinically important cytopenia was largely
restricted to those with pre-existing moderate to severe
cytopenia. The detailed impact of metronomic therapy in
hematologic toxicity is shown in Online Supplementary
Table S3 and Online Supplementary Figures S1-S3. Grade 4
and grade 5 hemorrhagic events occurred in one patient
each; the grade 5 hemorrhagic event resulted in the patient
undergoing surgery. Despite neutropenia in the majority
of patients, grade 3-4 neutropenic fever occurred in only
2%. 
The most common non-hematologic grade 3-4 toxicities

were metabolic events: 86 patients (46%) incurred
hypophosphatemia, 42 (23%) hypokalemia, 41 (22%)
hyponatremia, 41 (22%) hyperglycemia, and 29 (16%)
hypocalcemia. Fatigue, malaise, or lethargy was encoun-
tered in 31 (17%). Colitis and stomatitis/pharyngitis were
recorded in only 31 of 186 (17%) and were not associated
with serious complications. The most frequent cardiovas-
cular complication was hypotension (23 of 186, 12%) with
only 3 (2%) having toxicity grades equal or greater than 3.
The incidence of thromboembolic events, regardless of
severity, was 7 of 186 (4%). Renal toxicities and metabolic
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Table 4. Cox proportional hazards regression modeling for OS and PFS.
Univariate Overall survival Progression-free survival
Variable n/N (%) HR (95% CI) P HR (95% CI) P

B2M ≥ 3.5 mg/L 108/171 (63%) 1.25 (0.83, 1.90) 0.288 1.46 (1.00, 2.15) 0.052
B2M > 5.5 mg/L 59/171 (35%) 1.64 (1.09, 2.48) 0.017 0.97 (0.67, 1.42) 0.893
CRP ≥ 8 mg/L 100/186 (54%) 1.79 (1.19, 2.67) 0.005 1.09 (0.77, 1.53) 0.642
Hb < 10 g/dL 107/185 (58%) 1.47 (0.99, 2.19) 0.059 0.91 (0.65, 1.29) 0.612
Platelet count < 150x109/L 166/185 (90%) 2.09 (0.91, 4.76) 0.081 1.79 (0.94, 3.42) 0.077
CA within 6m of MT 111/186 (60%) 2.63 (1.66, 4.17) <0.001 1.81 (1.26, 2.62) 0.002
GEP 70-gene high-risk 36/71 (51%) 2.42 (1.30, 4.49) 0.005 1.53 (0.90, 2.59) 0.116
GEP 80-gene high-risk 44/71 (62%) 1.79 (0.95, 3.34) 0.070 1.28 (0.74, 2.22) 0.376
GEP proliferation index ≥ 10 39/71 (55%) 2.00 (1.08, 3.71) 0.028 1.47 (0.86, 2.52) 0.156
EMD prior to MT 11/94 (12%) 2.24 (0.87, 5.75) 0.095 2.27 (1.00, 5.17) 0.051
Max focal SUV positive response ≤3.9 22/53 (42%) 0.45 (0.18, 1.10) 0.081 0.51 (0.19, 1.36) 0.178

Multivariate without GEP Overall survival Progression-free survival
Variable n/N (%) HR (95% CI) P HR (95% CI) P

CRP ≥ 8 mg/L 100/186 (54%) 1.72 (1.15, 2.58) 0.008 1.07 (0.76, 1.51) 0.709
CA within 6m of MT 111/186 (60%) 2.58 (1.62, 4.10) <.001 1.81 (1.25, 2.62) 0.002

Multivariate with GEP Overall survival Progression-free survival
Variable n/N (%) HR (95% CI) P HR (95% CI) P

CRP ≥ 8 mg/L 35/71 (49%) 2.17 (1.18, 4.02) 0.013 0.87 (0.52, 1.48) 0.611
GEP 70-gene high-risk 36/71 (51%) 2.64 (1.40, 4.98) 0.003 1.51 (0.89, 2.56) 0.130

*** Treated as time-dependent variables in the analysis in bold.

Figure 3. Kaplan-Meier plots of overall survival (OS) (A) and progres-
sion-free survival (PFS) (B) from initiation of metronomic therapy by
baseline cytogenetic abnormalities (CA).
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abnormalities were common but brief in duration and eas-
ily manageable. A temporary increase in creatinine was
the most common renal toxicity. Liver toxicity as shown
by a mild increase in liver enzymes (> grade 2) was
observed in 86 (42%) patients. Treatment-associated liver
dysfunction over grade 3 occurred in 4 (2%) patients with
no grade 5 incidents recorded. Sensory neuropathy was
evident in 82 (44%) patients undergoing treatment with
46 of 186 (25%) grade 2 or worse. The incidence of this
toxicity prior to the initiation of metronomic therapy was
72 of 186 (39%) and 32 of 186 (17%), respectively, as men-
tioned above. Any subsequent increase in the severity of
neurological toxicity was mostly transient, returning to
baseline in the vast majority of cases. A complete list of all
grade 3 or greater toxicities is available in the Online
Supplementary Table S2. 

Discussion 

Research on tumor angiogenesis began with the pio-
neering work of Folkman in the early 1970s.18 The rela-
tionship between bone marrow angiogenesis and MM is
well established.19,20 In 1991, Kerbel suggested that anti-
cancer agents may be able to target tumor vasculature
after observing that many of the endothelial of tumor
blood vessels are immature and constantly proliferating.21
Ten years later, Klement et al.22 and Browder et al.23 showed
that mice bearing subcutaneous tumors responded to fre-
quent repeated dosages of low-dose chemotherapy

despite resistance to conventional dosing. Hanahan et al.,24
coined the term “metronomic” to refer to this type of
treatment, which now means the administration of fre-
quent low doses of chemotherapeutic agents, with no pro-
longed breaks in therapy. It is hypothesized that
chemotherapy administered metronomically inhibits
tumor growth primarily by blocking tumor neo-angiogen-
esis, while at the same time significantly reducing undesir-
able toxic effects. This hypothesis was the conceptual
basis for the design of metronomic therapy for MM. The
therapy includes metronomically-dosed doxorubicin and
cis-platin along with thalidomide, a drug with well-estab-
lished anti-angiogenic properties. Bortezomib, which is
known to affect the bone marrow microenvironment,25
was included, along with rapamycin, another drug with
known anti-angiogenic effect.26 While this regimen repre-
sents a more ‘intense’ approach over a shorter time period
than that usually practiced in other metronomic regimens,
the dosages used and the mode of administration are very
different from conventional chemotherapy and are aimed
at an anti-angiogenic effect.       
In this population of patients with relapsed/refractory

MM receiving metronomic therapy, the most important
prognostic factors for OS were presence of cytogenetic
abnormalities and CRP levels above 8.0 mg/L. These
results support the importance of the cytogenetically
defined risk in MM in every stage of the disease.27 High
CRP values in MM have been recognized as a valid prog-
nostic factor since 1992.28 In our cohort of metronomical-
ly-treated MM patients, response according to IMWG cri-
teria did not correlate with OS or PFS. In contrast, we saw
a beneficial OS trend in correlation with PET data suggest-

Metronomic therapy in myeloma
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Figure 4. Kaplan-Meier plots of overall survival (OS) (A) and progres-
sion-free survival (PFS) (B) from initiation of metronomic therapy by
baseline 70-gene Gene Expression Profile (GEP) risk status.

Figure 5. Kaplan-Meier plots of overall survival (OS) (A) and progres-
sion-free survival (PFS) (B) from initiation of metronomic therapy by
combined baseline cytogenetic abnormalities (CA) and Gene
Expression Profile (GEP) risk status.
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ing that tumor burden as measured by conventional MM
markers may not be accurate in relapsed/refractory MM,
especially at the end stage of the disease. Thus, in end-
stage MM, absence of progression rather than response to
therapy according to IMWG criteria seems to be the clini-
cally more relevant end point.
In an outpatient setting, the vast majority (95%) of the

patients tolerated their metronomic therapy regimen quite
well. The dominant toxicity encountered related to aggra-
vation of pre-existing myelosuppression, possibly due to
abrogation by the P-glycoprotein efflux pump at the
hematopoietic stem cell level.29,30 We speculate that contin-
uous exposure of MM and hematopoietic stem cells to
doxorubicin suppressed the effect of the MDR-1 gene and
thus exerted the observed anti-myeloma effect.31 Of the
non-hematologic side effects, metabolic abnormalities and
toxicities involving the kidney, liver, and gastrointestinal
systems dominated but were transient and easily manage-
able. These outcomes are in accordance with the general
toxicity profile of metronomic therapy in various types of
solid tumors9,11,12 or lymphomas.32 Also, of our 186 patients
receiving metronomic therapy, 46 (25%) subsequently
received melphalan-based autologous transplant support-
ed by stem cells collected earlier in the disease course, fur-
ther highlighting the favorable and transient toxicity pro-
file of the metronomic regimen in relapsed/refractory
MM.
In conclusion, metronomic therapy is an effective sal-

vage treatment for heavily pre-treated relapsed/refractory
MM patients. It results in a relatively high ORR for this
patient population, although survival was not influenced
by the level of response according to IMWG criteria. The
favorable toxicity profile allows the clinician to administer
subsequent treatment to patients who are initially ineligi-
ble for autologous transplant and/or newer investigational

agents. Its overall efficacy makes it a possible therapeutic
candidate for earlier stages of MM. Thus, metronomic
therapy represents a valuable addition to the clinician’s
armamentarium for the heavily pre-treated patients with
relapsed/refractory MM. 
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Table 5. Toxicities within 60 days of initiation of metronomic therapy.
Toxicity* Grade^

1 2 3 4 5 Total

Thrombocytopenia 8 6 15 152 0 181
Anemia 3 54 112 8 0 177
Leukopenia 7 6 50 115 0 178
Creatinine increase 46 28 12 2 0 88
SGOT (AST) increase 62 16 4 4 0 86
Sensory neuropathy 32 39 7 0 0 78

*Maximum grade within 60 days of initiation of therapy. ^Grading and terminology according to
CTCAE v3.0.15
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