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Abstract The clinical efficacy and safety of a four-drug
combination of bortezomib, cyclophosphamide, thalidomide,
and dexamethasone was assessed for patients with relapsed or
refractorymultiple myeloma. Seventy patients received at least
two cycles of treatment with bortezomib 1.3 mg/m2 intrave-
nously on days 1, 4, 8, and 11; cyclophosphamide 150 mg/m2

orally on days 1–4; thalidomide 50 mg/day orally every day;
and dexamethasone 20 mg/m2 intravenously on days 1, 4, 8,
and 11. The overall best response rate was 88%, with 46%
complete response, 9% very good partial response, and 33%

partial response. After a median follow-up of 12.6 months,
the median progression-free survival (PFS) was 14.6 months
with a 3-year PFS of 14% and the median overall survival
(OS) was 31.6 months with a 3-year OS of 47%. Grade 3 or 4
adverse events included thrombocytopenia (12%), neutrope-
nia (4%), peripheral sensory neuropathy (3%), with throm-
bosis being very rare (<1%). Bortezomib combined with
cyclophosphamide, thalidomide, and dexamethasone is a
highly effective salvage therapy with manageable toxicity
for patients with relapsed or refractory multiple myeloma.
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Introduction

Multiple myeloma (MM) is a plasma cell malignancy
characterized by paraproteinemia, immune paresis, skeletal
destruction, renal dysfunction, anemia, and hypercalcemia [1].
Over the past 30 years, there has been a rapid rise in the
incidence of MM in Korea, which is likely due to a
combination of increased detection, worsening exposure to
environmental carcinogens associated with rapid industriali-
zation, and an otherwise aging society, in which overall
society has improved. Indeed, MM is emerging as one of the
main hematologic malignancies in Korea, and therapeutic
approaches to this disease have become especially important.
In newly diagnosed disease, conventional combination
chemotherapy with alkylating agents and corticosteroids
results in less than 5% complete response (CR) [2, 3],
Although vincristine, doxorubicin, and dexamethasone
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(VAD) provides an acceptable response rate, this and similar
regimens have several disadvantages, with dexamethasone
contributing to most of the activity [4]. Although high-dose
chemotherapy with hematopoietic stem cell transplantation
(HSCT) induces increased response and prolonged survival
[5–8], relapse is ultimately inevitable. Conventional salvage
therapies for relapsed or refractory MM have been unsatis-
factory in terms of response rate and survival. However, the
recent introduction of novel agents, such as bortezomib,
thalidomide, and lenalidomide has resulted in clinically
significant advances in the treatment of MM [9–12].

Bortezomib (Velcade; Milennium Pharmaceuticals Inc,
Cambridge, MA, USA) is a potent first-in-class proteasome
inhibitor. Recent clinical trials using bortezomib as a single
agent in refractory/relapsed MM, such as SUMMIT, CREST,
and APEX, resulted in 30–40% response rates and associated
clinical benefits in terms of overall survival [13–15]. In
combination with other agents, such as corticosteroids,
thalidomide, and chemotherapeutic agents, the response rate
increases to 60–80% [9]. With these encouraging results,
bortezomib has now been developed as frontline therapy in
MM with impressive response rates [16, 17].

Thalidomide has been successfully combined with
corticosteroids and alkylating agents in the treatment of
relapsed or refractory MM, with response rates ranging
from 50–70% [18–22]. Thalidomide in doses from 50–
800 mg/day, combined with cyclophosphamide and
dexamethasone (CTD), achieves higher response rates
(57–79%), with manageable toxicity. However, the depth
and quantity of responses from the CTD regimen are
unclear, and side effects cumulative, suggesting that
further improvement of this regimen is warranted.

This phase 2 trial, therefore, evaluated the efficacy of a
four-drug combination of bortezomib, cyclophosphamide,
thalidomide, and dexamethasone (Vel-CTD) as salvage
treatment in patients with relapsed or refractory MM.

Design and methods

Patients

Eligibility criteria included refractory or relapsed MM
patients who must have received at least one prior line of
therapy; age 18–75 years; serum M-protein ≥1 g/dL or
urine M-protein ≥400 mg/day; Eastern Cooperative
Oncology Group performance status ≤2; expected sur-
vival ≥6 months; platelet count ≥100×109/L; hemoglobin
≥8 g/dL; absolute neutrophil count ≥1.0×109/L; aspartate
aminotransferase, alanine aminotransferase, and alkaline
phosphatase less than three times the upper limit of
normal; total bilirubin less than two times the upper limit
of normal; and creatinine clearance ≥20 mL/min.

Exclusion criteria included prior bortezomib exposure,
significant preexisting peripheral neuropathy (defined as
greater than or equal to grade 2); uncontrolled or severe
cardiovascular disease, pregnancy or breastfeeding, recur-
rent deep vein thrombosis or pulmonary thromboembolism,
significant other co-morbidity such as active ulcer detected
at gastroscopy, and radiation therapy within the prior
4 weeks.

The protocol (KMM56) was approved by the institutional
review board at each participating center in accordance with
the Declaration of Helsinki, and all patients provided written
informed consent prior to enrollment.

Study design and treatment schedule

This study was an open-label, non-randomized phase 2
clinical trial conducted at three hospitals in Korea. The
primary objectives of this study were to amend response
rate and toxicities. Secondary objectives were to determine
progression-free survival (PFS) and overall survival (OS).

Treatment consisted of 3-week cycles of bortezomib
1.3 mg/m2 intravenously on days 1, 4, 8, and 11;
dexamethasone 20 mg/m2/day intravenously on days 1, 4,
8, and 11; cyclophosphamide 150 mg/m2 orally on days 1
to 4; and thalidomide 50 mg orally every day for the entire
21 days. During dexamethasone treatment, trimethoprim/
sulfamethoxazole was administrated in order to prevent
Pneumocystis carinii infection, while routine antiviral
prophylaxis for herpes zoster infection was not adminis-
trated. Patients were also given aspirin, 100 mg, to prevent
deep-vein thrombosis during thalidomide administration, a
proton pump inhibitor prophylactically, and monthly
bisphosphonate treatment with zoledronate or pamidronate.

Dose modification and treatment delay

The start of a new cycle could be delayed on a weekly basis
(for a maximum of 3 weeks) until recovery of toxicity to a
level (grade 2 or less) allowing for the continuation of
therapy. Bortezomib was withheld for grade 4 hematolo-
gical toxicities and grade ≥3 non-hematological toxicities.
After adverse events had resolved, bortezomib dose could
be reduced from 1.3 to 1 mg/m2 or from 1 to 0.7 mg/m2

according to a previously defined dose reduction algorithm
[23]. If a patient had peripheral neuropathy of grade 1 with
pain or grade 2, the bortezomib was reduced to 1 mg/m2.
For grade ≥3 peripheral neuropathy, the bortezomib was
withheld until the peripheral neuropathy resolved to
baseline and then restarted at 0.7 mg/m2. Simultaneously,
thalidomide was omitted until the toxicity resolved to
baseline or decreased to below grade 1. Thalidomide was
discontinued permanently in the event of thrombosis
despite the prophylaxis
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Response assessment

The tumor response was evaluated every two cycles during
Vel-CTD therapy. After four cycles, patients with progres-
sive disease were dropped. Subsequently, four additional
cycles of Vel-CTD were given unless tumor progression or
unacceptable side effects occurred. If the patients did not
achieve CR after eight cycles of chemotherapy, they
received additional cycles of treatment. Patients were
removed from study if disease progressed. To evaluate
response, International Myeloma Working Group uniform
response criteria were used [24], but, we did not discri-
minate between CR and stringent CR because the absence
of clone cells in bone marrow could not be confirmed.
Adverse events were graded according to the National
Cancer Institute's Common Terminology Criteria for
Adverse Events (v3.0, 2003).

Evaluation of survival

PFS was defined from the time of first treatment to the time
of the first sign of disease progression or death. OS was
measured from the time of first treatment to the time of the
last follow-up or death.

Statistical analysis

Categorical data and continuous variables were assessed
using Fisher' exact test and the Mann–Whitney U test,
respectively. OS and PFS were analyzed using Kaplan–
Meier survival curve estimates. P<.05 was considered
statistically significant, and 95% confidence intervals were
eliminated accordingly. All statistical computations were
performed using Statistical Package for the Social Sciences
ver. 17.0 (SPSS, Chicago, IL, USA).

Results

Patient characteristics

Seventy patients with relapsed or refractory MM were
enrolled between November 2004 and November 2008.
The baseline characteristics of the patients are shown in
Table 1. There were 35 men (50%) and 35 women (50%).
The median age of the patients was 64 years (range 39–
76 years). According to the International Staging System,
60%, 21%, and 10% of the patients were stage I, II, and III
at the time of initial therapy, respectively. Fluorescence in
situ hybridization (FISH) study for deletion 13q14 was
available in 56 patients. The median time from diagnosis
was 1.5 years (range 0.1–18.9 years). The median number
of previous lines of treatment was 2 (range 1–6). Forty

(57%) and 34 (49%) patients had prior treatment with CTD
and TD, respectively. Thirteen (19%) of the patients had
undergone a previous autologous HSCT with high-dose
chemotherapy. The median follow-up time was 12.6 months
(range 1.7–49.6 months).

Disease response

The median number of treatment cycles with Vel-CTD was
8 (range 2–22). The total number of cycles delivered was

Table 1 Baseline characteristics of the patients

Total (n=70)

Median age, years (range) 64 (39–76)

Gender, n (%)

Male 35 (50)

Female 35 (50)

Paraprotein type, n (%)

IgG 39 (56)

IgA 21 (30)

IgM 2 (3)

Light chain (kappa) 3 (4)

Light chain (lambda) 4 (6)

Non-secreting 1 (1)

Median β2 microglobulin level at the start
of Vel-CTD treatment (mg/dL; range)

2,627.5 (1,159–59,911)

ISS stage, n (%) at the start of
Vel-CTD treatment
I 42 (60)

II 15 (21)

III 7 (10)

Not evaluable 6 (9)

Years from diagnosis, median (range) 1.5 (0.1–18.9)

Deletion 13q14 abnormality in marrow
by FISH (n=56)
Present 13 (23)

Absent 43 (77)

Prior treatments, median (range) 2 (1–6)

Prior therapies, n (%)

CTD 40 (57)

TD 34 (49)

CP/MP 22 (31)

VAD 15 (21)

High-dose dexamethasone only 3 (4)

MPT 3 (4)

EDAP 1 (1)

Autologous stem cell transplantation 13 (19)

CTD cyclophosphamide, thalidomide, and dexamethasone; CP cyclo-
phosphamide and prednisone; MP melphalan and prednisone; VAD
vincristine, doxorubicin, and dexamethasone; MPT melphalan, pred-
nisone, and thalidomide; EDAP etoposide, cisplatin, dexamethasone,
and cytosine arabinoside; ISS International staging system; FISH
fluorescence in situ hybridization
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601. Sixty-four (91%) and forty (57%) patients received at
least four or eight cycles of Vel-CTD, respectively. Five
patients discontinued treatment early due to progression, in
three patients after three cycles of chemotherapy, and
follow-up loss in two patients.

Of the 70 patients, 52 (74%) achieved partial response
(≥PR) after the first two cycles of Vel-CTD. For the 64
patients who completed four cycles of therapy, the overall
response rate (ORR: PR or better) was 81%, including 31%
CR, 14% very good partial response (VGPR), and 36% PR.
For the 40 patients who completed eight cycles of therapy,
the ORR was 91%, including 43% CR, 13% VGPR, and
35% PR. When we analyzed the best response for the
70 patients who received ≥2 cycles of Vel-CTD, 61 patients
(88%) achieved a response, including 32 (46%) CR, six
(9%) VGPR, and 23 (33%) PR (Fig. 1). There was no
significant difference in the CR and ORR rate according to
the presence or absence of deletion 13q14 by FISH
analysis.

Survival and prognostic factors

With a median follow-up of 12.6 months, the median OS
was 31.6 months (95% confidence interval (CI): not
evaluable), and the estimated OS at 3 years was 47±9%.
The median PFS was 14.6 months (95% CI: 13.4–15.8),
and the PFS at 3 years was 14±7% (Fig. 2). Patients who
achieved a good response (≥PR) after four cycles of
Vel-CTD had a significantly longer OS and PFS than those
with poor therapeutic responses (≤SD; OS not reached vs.
12.9 months, P=.010; PFS 17.3 vs. 7.5 months, P<.001;

Fig. 3a and b). Furthermore, patients who achieved a good
response (≥PR) after eight cycles of Vel-CTD also had a
significantly longer PFS than those with poor therapeutic
responses (≤SD; OS not reached vs. 12.7 months, P=.006;
PFS 17.3 vs. 4.5 months, P<.000; Fig 3c and d). When we
analyzed other factors affecting survival, the presence of
deletion 13q14 was associated with a shorter PFS in
patients treated with Vel-CTD than in those without this
abnormality (10.1 months vs. 16.3 months, P=.031). While
the OS in these patients seemed to show a similar trend,
there was no statistical significance (31.6 months vs.
16.0 months, P=.110; Fig. 4).

Response to Vel-CTD in patients with prior HSCT
with high-dose chemotherapy

Thirteen (19%) patients had undergone high-dose chemothe-
rapy and autologous HSCT prior to Vel-CTD treatment. All of
these patients received at least four cycles of Vel-CTD. Among
these patients, the ORR was 77%, including 46% CR, 8%
VGPR, and 23% PR. The median OS and PFS were
27.3 months (95% CI: 6.6–48.0) and 14.7 months (95% CI:
8.4–21.0), respectively.

Adverse events

Of the 601 evaluable cycles delivered, grade 3–4 hematolo-
gical toxicities including thrombocytopenia (12%), neutro-
penia (4%), and anemia (4%) were observed (Table 2).
Non-hematological toxicities are also listed in Table 2. The
most frequently observed grade 3/4 non-hematologic toxicity
was fatigue (4%), including 1% grade 4 toxicity. Treatment-
induced peripheral sensory neuropathy was grade 1 to 3 in

PFS

OS

Fig. 2 Overall survival (OS) and progression-free survival (PFS) of
the patients who received the Vel-CTD regimen as a salvage treatment
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17%, 15%, and 3% of the delivered cycles, respectively.
Most of the patients were also given gabapentin (300–
1,800 mg a day), non-steroidal anti-inflammatory drugs or
opioids as adjuvant drugs for pain control, depending on
pain severity. Gastrointestinal toxicity was mainly due to
constipation related to thalidomide, with most patients
responding to laxatives.

Of the 70 patients, ten (14%) developed pneumonic
infiltrations, including four patients with multiple episodes
(Table 3). Of these, two patients (3%) died of pneumonia
and sepsis. One episode of sepsis developed during a
neutropenic period, whereas the other episode was not
associated with neutropenia. Nine patients (13%) developed
herpes zoster, especially during the early treatment course
(cycles 1–3), suggesting that viral prophylaxis during the
early treatment cycles is warranted as previously reported [25].
Symptomatic pulmonary thromboembolism also occurred in

one patient (1%) after two cycles of chemotherapy. She
continued on Vel-CD treatment without thalidomide, an
appropriate anticoagulate, and had no further episodes.

Discussion

Our phase 2 clinical trial evaluated the clinical efficacy and
safety of the Vel-CTD regimen in patients with relapsed or
refractory MM. This four-drug combination of bortezomib,
cyclophosphamide, thalidomide, and dexamethasone
proved a highly effective salvage regimen in terms of
response rate, with an 88% overall best response rate,
including 46% in CR. Responses were also rapid and
durable with a 74% ORR after the first two cycles, and a
PFS of 14.6 months in PFS. The efficacy of Vel-CTD in our
study was superior to the results of a similar four-drug

b

P < .001

Responder (    PR)

Non-responder (    SD)

a

P= .010

Responder (    PR)

Non-responder (    SD)

d

P< .000

Responder (    PR)

Non-responder (    SD)

c

P= .006

Responder (    PR)

Non-responder (    SD)

Fig. 3 a, c Overall survival (OS) and b, d progression-free survival (PFS) according to response with at least four cycles (a, b) and eight cycles
(c, d) of the Vel-CTD regimen. P<.05 by the logrank test pooled over strata
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Grade, n (%) 1 2 3 4

NCI-CTC

Neutropenia 126 (21) 60 (10) 25 (4) 1 (<1)

Leukocytopenia 121 (20) 84 (14) 14 (2) 1 (<1)

Neutropenia 126 (21) 60 (10) 25 (4) 1 (<1)

Anemia 154 (26) 159 (27) 22 (4) 0 (0)

Thrombocytopenia 75 (13) 56 (9) 56 (9) 17 (3)

Non-hematologic

Fatigue 79 (13) 32 (5) 17 (3) 7 (1)

Fever 2 (<1) 2 (<1) 0 0

Anxiety 21 (4) 3 (<1) 2 (<1) 0

Insomnia 35 (6) 14 (2) 1 (<1) 0

Anorexia 59 (10) 21 (4) 0 0

Constipation 59 (10) 36 (6) 2 (<1) 0

Diarrhea 6 (1) 3 (<1) 5 (<1) 0

Nausea 17 (3) 6 (1) 3 (<1) 0

Vomiting 6 (1) 4 (<1) 1 (<1) 0

Edema, limb 1 (<1) 0 0 0

Dizziness 43 (7) 5 (<1) 0 0

Neuropathy, motor 83 (14) 36 (6) 2 (<1) 0

Neuropathy, sensory 104 (17) 88 (15) 18 (3) 0

Dyspnea 56 (9) 10 (2) 1 (<1) 0

Rash 8 (1) 8 (1) 1 (<1) 0

Pain 39 (7) 9 (2) 1 (<1) 0

Alopecia 6 (1) 8 (1) 1 (<1) 0

AST/ALT elevation 3 (<1) 1 (<1) 1 (<1) 0

Total bilirubin elevation 1 (<1) 0 0 0

Table 2 Hematologic and non-
hematologic toxicities during
Vel-CTD treatment according to
the NCI-CTC 3.0 in 601
evaluable treatment cycles

AST aspartate aminotransferase;
ALT alanine aminotransferase;
NCI-CTC National Cancer
Institute's Common Toxicity
Criteria

P= .031

del(13q14) absent

del(13q14) present

b

P= .110

del(13q14) absent

del(13q14) present

a

Fig. 4 PFS (a) and OS (b) according to response regarding the presence or absence of deletion 13q14 by FISH analysis in patients treated with
Vel-CTD chemotherapy. P<0.05 by the logrank test pooled over strata
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combination of bortezomib, melphalan, dexamethasone,
and thalidomide (VMPT) where, the ORR and CR rates
of the VMPT regimen were 66–67% and 13–17%,
respectively [26, 27]. Achieving CR is considered to be
an important surrogate for improving the survival of MM
patients. In our study, Vel-CTD induced a higher CR rate
than other four-drug combinations. Furthermore, as shown
in previous studies [8, 28], the regimen was an effective
salvage therapy in MM patients who had relapsed after
auto-HSCT.

Although there were several differences among studies,
such as different doses of bortezomib, thalidomide, corti-
costeroid, and different alkylating agents with melphalan or
cyclophosphamide, the main difference may be the dose-
intensity of bortezomib. In our study, bortezomib was
administered four times at 1.3 mg/m2 dosage in each
3-week cycle (1.73 mg/m2/week). By contrast, in two
studies of VMPT, bortezomib was administered four times
at 1.0 mg/m2 in a 4-week cycle (1.0 mg/m2/week) in one
study and four times at 1.3 mg/m2 in a 5-week cycle
(1.04 mg/m2/week) in the other [26, 27].

Bortezomib was recently approved for the treatment of
relapsed or refractory MM based on large studies, including
SUMMIT, CREST, and APEX. These trials demonstrated
30–40% response rates, including 10% CR or near CR
(nCR) as a single agent in a salvage setting [13–15]. As a
combination with other targeted therapies, such as thali-
domide and/or chemotherapeutic agents, response rates
increase to 50%, including 20% CR. Indeed, a previous
study using a triple-drug combination of bortezomib,
melphalan, and dexamethasone showed considerable
response rates, including a 76% ORR with a 34% CR/
nCR at the maximum tolerated dose [29]. Reece et al.
[30] assessed the efficacy of the combination of bortezo-
mib, cyclophosphamide, and prednisone and observed a
CR in more than 50%.

In terms of treatment-related toxicities, side effects such
as sensory neuropathy and constipation were generally
manageable with dose reduction of bortezomib and/or
thalidomide as well as appropriate supportive care.

Although the greater incidence of neuropathy using the
combination of bortezomib and thalidomide was a concern,
Vel-CTD using low-dose thalidomide at 50 mg daily had a
low incidence (3%) of grade 3–4 neuropathy, which was
similar to the incidence in a previous study using the same
dose of thalidomide in VMPT [27]. However, some patients
suffered from infectious complications, such as pneumonia
or herpes zoster, especially early in their treatment (cycles
1–3), indicating the need for careful observation and viral
prophylaxis early in the treatment course.

In conclusion, the Vel-CTD regimen appears generally
well-tolerated and has significant activity in patients with
relapsed or refractory MM, with this combination warranting
further evaluation in future trials.
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