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Abstract: Multiple myeloma (MM) is the second most frequent hematologic malignancy, and the evaluations of
standard therapeutic effects were inconsistent. The study was aimed to provide a comprehensive assessment
of bortezomib-cyclophosphamide-dexamethasone (VCD), bortezomib-thalidomide-dexamethasone (VTD) and VTDC
(VTD plus cyclophosphamide) regimens for the MM management. Electronic databases such as PubMed, EMBASE
and Cochrane were retrieved from their inception to April, 2015. Eligible studies were selected with predefined
criteria. Four main outcomes as ORR (overall response rate), CR (complete response), VGPR (very good partial
response) and PR (partial response); and the adverse effects were evaluated, basing on the Cochran Q and I? test.
The independent-samples T test was used. Statistical analysis was performed using STATA and SPSS. A set of 11
studies were identified for the meta-analysis. All the regimens achieved a higher response on the newly diagnosed
MM than the relapsed MM. VCD and VTD had a comparable efficiency on the ORR, VGPR and PR. However, VTD had
a pronounced higher CR than VCD on the newly diagnosed MM patients (P < 0.05). VTDC achieved an increase CR
(0.46 vs. 0.082 or 0.326) but a decreased risk of thrombocytopenia (0.06 vs. 0.11 or 0.083) than either VCD or
VTD for the newly diagnosed MM. Besides, no difference between VCD and VTD was observed in terms of the toxicity
tolerance (P < 0.05). For newly diagnosed MM patients, VTD was comparable with VCD in terms of ORR, VGPR and
PR, but superior to VCD in CR.
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Introduction As a potent proteasome inhibitor, bortezomib is
considered having the anticancer activity. The
single agent has been used as a frontline ther-
apy for MM management [8]. It is well known
that vincristine, doxorubicin and dexametha-
sone (VAD) has been used as the pre-inducing
therapy for patient who would undergo the
stem-cell transplantation [9]; however, its appli-
cation on MM patients is limited due to the high
dose need of dexamethasone [10]. Recently,
the administration of thalidomide, in combina-
tion of corticosteroids and alkylating has been
introduced in the management of the relapsed
MM [11]. Additionally, the combination of tha-

Multiple myeloma (MM) is the second most fre-
quent hematologic malignancy worldwide [1],
with the hallmark of clonal proliferation of plas-
ma cells in the bone marrow [2]. Annually, it is
estimated that approximately 86,000 cases
are diagnosed with MM, and nearly 63,000
individuals are reported to die from this dis-
ease [3]. The increased risks of infection, pan-
cytopenia, as well as bone diseases are the
remarkable clinical features of MM [4]. Despite
the fact that the disease is deemed as incur-
able, several improvements of the outcomes
have been achieved owing to the advanced

therapeutic approaches, such as high-dose
chemotherapy with hematopoietic stem cell
transplantation (HSCT) and the novel agents [5,
6]. The response is increased and the survival
is prolonged; however the relapse is still inevi-
table [7].

lidomide with dexamethasone has been dem-
onstrated advantageous than the use of dexa-
methasone alone for the newly diagnosed MM
[12]. Cyclophosphamide acts as a second and
less stem cell toxic alkylator in the treatment of
MM due to the well-tolerated outcome [13].
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At present, three-drug induction regimens such
as bortezomib-cyclophosphamide-dexametha-
sone (VCD) and bortezomib-thalidomide-dexa-
methasone (VTD) have been established as the
standard for MM treatment. Multiple studies
have been conducted to compare the efficiency
of the therapies with three-drug combinations
to that with two or single agents [14, 15]. It is
clarified that VTD is more beneficial than thalid-
omide-dexamethasone to the newly diagnosed
MM patient after autologous HSCT [16].
Coincidently, VCD is also demonstrated to be
superior to bortezomib plus dexamethasone for
the initial MM treatment [17]. Furthermore, the
four-drug combinations such as bortezomib,
dexamethasone,cyclophosphamide,andlenalido-
mide and bortezomib, cyclophosphamide, tha-
lidomide, and dexamethasone (VTDC) are also
applied for the treatment of MM [10, 18].
However, assessments of the therapeutic
effectiveness among VCD, VTD and VTDC are
inconsistent. More recently, a meta-analysis
compares the curative effects of VCD and VTD
and proposes that VTD therapy might be more
advantageous and more tolerant than VCD for
the newly diagnosed transplant-eligible MM
patients [19]. Nevertheless, the relapsed MM
and the VTDC evaluation are not concerned in
their study. Besides, the sample size is relative-
ly small because only eight studies containing
672 patients have been included. To better
shed light on the exact evaluation, we carried
out this meta-analysis, which included 11 stud-
ies involving the therapeutic efficiency with
regard to VCD or VTD, or VTDC, and compared
the differences between VCD and VTD treat-
ments using independent-samples T test.
Moreover, subgroup analysis stratified by MM
type (newly diagnosed or relapsed MM) was
performed, aiming to provide a comprehensive
understanding of the optimal strategy for MM
treatment.

Materials and methods
Search strategy

The Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guide-
lines for the reporting of systematic reviews
and meta-analysis were applied to carry out
this meta-analysis [20]. Literatures were re-
trieved in the databases including PubMed,
EMBASE and Cochrane from their inception to
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April, 2015. The key words were “bortezomib”
AND “dexamethasone” OR “cyclophospha-
mide” OR “thalidomide” AND “multiple myelo-
ma” OR “MM”.

Two researchers independently conducted the
retrieval through title browsing, abstract read-
ing or full text reading. The disagreements were
resolved by the discussion with a third
investigator.

Inclusion and exclusion criteria

Studies were included if the following criteria
were fulfilled: (1) they were prospective studies;
(2) participants were patients with MM; (3) ther-
apeutic effects of the agents such as bortezo-
mib, dexamethasone, cyclophosphamide or
thalidomide were evaluated; (4) at least one of
the outcomes including overall response rate
(ORR), complete response (CR), very good par-
tial response (VGPR), partial response (PR) and
the adverse effects in grade 3-4 were involved
in the study; (5) if multiple publications were
based on the same dataset, only the study con-
taining the comprehensive outcomes was
included for the meta-analysis. On the other
hand, the exclusion criteria for the studies
were: (1) the study was a retrospective study;
(2) the study lacked the data information of
VCD, VTD or VTDC; (3) the study was a reviewer,
meeting report or letter; (3) the study was not
an English publication.

Data extraction

The data were abstracted by two independent
individuals and the disagreements were
resolved through the discussion with a third
investigator. The following information was
extracted such as the first author, publication
time, research region, research time, follow up
time, the populations, case numbers, mean
age, administration strategy, the specific val-
ues of ORR, CR, VGPR and PR, and the adverse
effect assessments.

Statistical analysis

The main outcomes for the meta-analysis were
ORR, CR, VGPR and PR. The adverse effect indi-
cators such as thrombocytopenia, leukocytope-
nia, neutropenia, fatigue, neuropathy and diar-
rhea were estimated basing on physical exami-
nation, records of vital signs, toxicity assess-
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Literatures searched, n=546
Medline via Pubmed, n=152
Emabase, n=231

Cochrane library, n=163

| Articles screened for titles, n=546 ‘

ware [24], and P < 0.05 indi-
cating the significance. Addi-
tionally, subgroup analysis str-
atified by the categories of
MM (newly diagnosed or rela-
psed MM) was performed.

Results

Excluded studies, n=374

Studies included in the meta-

| Articles screened for abstracts, n=172 |

analysis

n=44;

Excluded, n=153

Duplicates, n=49;

Studies were not based on
bortezomib and dexamethasone,

Reviews or meeting reports, n=28;
Non-human trails, n=17;

A cohort of 546 studies was
identified through the prelimi-
nary search in the databases
(152 in PubMed, 163 in
Cochrane library and 231 in
Embase). After title browsing,
a total of 374 studies were
eliminated. Then another re-

Non-English articles, n=15. moval of irrelevant studies

Articles screened for full-texts, n=19

was carried out (including 49
duplicated publications, 28
letters, 44 studies not involv-
ing bortezomib and dexameth-

Excluded, n=8
3 were retrospective studies;
2 were not clinical trials;
2 were without required data;
1 was letter.

asone, 17 non-human clinical
research and 15 non-English
publications). Afterwards, the
remaining 19 studies were
subjected to full text reading,

Articles included in further Meta-analysis,

n=11 selection.

ment and laboratory test; and were classified
referring to the National Cancer Institute
Common Terminology Criteria for Adverse
Events (NCICTCAE version 3.0, http://ctep.can-
cer.gov/protocolDevelopment/electronic_app-
lications/docs/ctcaev3.pdf). The heterogeneity
across the selected studies was determined by
Cochran Q and I? test [21], using the software
of STATA (version 11.0, STATA, College Station,
TX, USA) [23]. Substantial heterogeneity was
indicated if P < 0.05 or I? > 50%, when a ran-
dom-effects model should be selected; other-
wise, if homogeneity was suggested (P > 0.05
or I2 < 50%), a fix effect model was applied.
Then each outcome index was pooled in a
selected model. The outcome differences
between VCD and VTD groups were detected by
independent-samples T test [22] using SPSS
(version 19.0, SPSS. Inc., Chicago, lllinois) soft-
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Figure 1. Flow chart of the study

by which 8 studies were excl-
uded (3 were retrospective
studies, 2 were non-clinical
studies and 2 not providing
sufficient data information).
Finally, a set of 11 studies [10, 13, 14, 17,
25-31] were included in this meta-analysis. The
detailed selection procedure is presented as
Figure 1.

Characteristics of the selected studies

Among the 11 identified studies, 7 studies
involved the therapeutic effect evaluation of
VCD [13, 14, 25-29], one study evaluated the
VTD treatment [30] and one assessed the
VTDC [10]. He and colleagues reported both
the VCD and VTD administrations [17], while
Ludwig’s study included the evaluation of both
VTD and VTDC [31]. As shown in Table 1, the
identified studies were distributed in Asia,
Europe and America, and the MM patients of
the included studies were newly diagnosed or
relapsed, or previously untreated with the
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Table 1. Characteristics of the included studies

Author, year Country Study period F?f:'grﬁ:sp’ Population Group Age, year No. (M/F)
Bensinger, 2010 USA 2006.05-2008.06 20.9 Newly diagnosed and symptomatic MM VCD  58(38-83) 44 (30/14)
Fu, 2012 China  2004.09-2007.04 NR Relapsing MM VCD 61 (37-78) 44 (33/11)
Kropff, 2007 Germany 2004.04-2005.01 NR Relapsed MM VCD NR 54 (35/19)
Kropff, 2009 Germany 2006.03-2007.02 NR Newly diagnosed MM VCD 50.8 (36-60) 31(16/15)
Kumar, 2012 USA 2008.06-2009.09 22 Previously untreated symptomatic MM VCD 62 (40-75) 33(19/14)
Mai, 2015 Germany 2010.07-2012.10 NR Newly diagnosed, transplant-eligible MM VCD 58.7 (33-70) 251 (153/98)
Reeder, 2009 Canada NR NR Newly diagnosed and symptomatic MM VCD 60 (38-75) 33(17/16)
Rosinol, 2012 Spain  2006.04-2009.03 24 Newly diagnosed and untreated symptomatic MM~ VTD 56 130 (72/58)
Kim, 2010 Korea  2004.11-2008.11 12.6(1.7-49.6) Relapsed or refractory MM VCTD 64 (39-76) 70 (35/35)
He, 2014 China  2006.02-2013.05 22.5 (2-64) Newly diagnosed symptomatic MM VCD 60 (31-83) 77 (35/32)
VTD 34 (24/10)
Ludwig, 2013 Europe 2007.10-2008.09 33.3(28.2-36.8) Previously untreated, measurable MM VTD 57 (35/65) 49 (26/23)
33.1(28.2-39.7) VCTD 58 (33-68) 49 (25/24)

Abbreviations: V: bortezomib; D: dexamethasone; C: cyclophosphamide; T: thalidomide; MM: multiple myeloma; M: male; F: female; NR: not reported.
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Table 2. Dose strategy of the included studies

Study

Bortezomib

Dexamethasone

Cyclophosphamide

Thalidomide

Cycles Outcomes

Bensinger, 2010

Fu, 2012

Kropff, 2007

Kropff, 2009

Kumar, 2012
Mai, 2015

Reeder, 2009

Rosinol, 2012

Kim, 2010

He, 2014

Ludwig, 2013

1.3 mg/m?ondays 1, 4,8, 11

1.3 mg/m?IVondays 1,4,8, 11

1.3 mg/m?on days 1, 4, 8, and 11,

followed by three 5-week cycles

with V 1.3 mg/m? on days 1, 8, 15,

and 22

1.3 mg/m? on days 1, 4, 8, and 11

1.3 mg/m?ondays 1, 4,8, 11
1.3 mg/m?ondays 1, 4,8, 11

1.3 mg/m? IV ondays 1, 4, 8 and 11

2 cycles 1.3 mg/m? on days 1, 4, 8,

and 11 at 3-week intervals

1.3 mg/m? IV on days 1, 4, 8, and 11

1.3 mg/m?IVondays 1,4,8, 11

1.3 mg/m? on days 1, 4, 8, and 11

40 mg on day of and day after
bortezomib

20 mg/m? orally daily for 4
days beginning on days 1, 9
and 17

20 mg/d orally

40 mg on the day of bortezo-
mib injection
40 mgon days 1, 8, 15

40 mg on days 1-2, 4-5, 8-9,
11-12

40 mg orally on days 1-4, 9-12
and 17-20

40 mg orally on days 1-4 and
9-12 at 4-week intervals

20 mg/m? IV on days 1, 4, 8,
and 11

20 mg/day IV on days 1-2, 4-5,
89,11-12

40 mg on days 1-4 and 9-12

300 mg/m?on days 1, 8

70 mg/m? orally twice
daily for 4 days

Continuous oral treatment
at a dose of 50 mg/d p.o.

900, 1,200, or 1,500 mg/
m?2 on day 1

500 mg/m? on days 1, 8

900 mg/m?i.v. on day 1,
and p.o.

300 mg/m? orally on days
1, 8,15 and 22

150 mg/m? orally on days
1-4
200 mg/m? IV on days 1-4

400 mg/m? IV per day on
days 1and 8

200 mg daily (escalating doses in

Three 21-day cycles ORR, CR, VGPR, PR, AE

ORR, CR, PR, AE
3-week cycles ORR, CR, PR, AE
21-day cycles ORR, CR, PR, AE

3-week cycles

320 mg/cycle, re-
peated every 21 days

ORR, CR, VGPR, AE
ORR, CR, VGPR, PR, AE

28-day cycle for four ORR, VGPR, PR, AE

the first cycle: 50 mg on days 1 to
14, and 100 mg on days 15 to 28)

50 mg/day orally every day

100 mg orally each day

100 mg on days 1 through 21

cycles
CR, VGPR, PR, AE
Two cycles ORR, CR, VGPR, PR, AE
ORR, VGPR, PR, AE
Four 21-day cycles ORR, CR, VGPR, PR, AE

Abbreviations: IV: intravenously; p.o.: by months; ORR: overall response rate; CR: complete response; VGPR: very good partial response; PR: partial response; AE: adverse events.
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Study %
ID ES (95% CI) Weight
newly ;
Bensinger (2010) —— 0.88 (0.78, 0.98) 12.76
Kropff (2009) —«i 0.77(0.62,092) 9.07
Kumar (2012) —0—;— 0.75 (0.60, 0.90) 9.24
Mai (2015) + 087(0.82,091) 1692
Reeder (2009) —+— 0.88(0.77,0.99)  11.79
He (2014) . $0.97(0.94,1.01)  17.29
Sub total (I-squared = 80.1%, p = 0.0001) <> 0.87 (0.80,0.94)  77.07
relapsed :
Fu (2012) ——  0.73(0.60,0.86)  10.32
Kropff (2007) —*— 0.83(0.73,0.93)  12.61
Subtotal (I-squared = 29.1%, p=0.235) <> 07906089 2293
Overall (I-squared = 79.8%, p=0.0001) <> RSCUOTSCO 1) b0 b0
NOTE: Weights are from random effects analysis '
T T
-1.01 0 1.01

Figure 2. Evaluation of overall response rate with bortezomib-cyclophospha-
mide-dexamethasone (VCD) regimen for multiple myeloma treatment. ES:

effect size; Cl: confidence interval.

A Study %
ID ES (95% CI) Weight
newly
Bensinger (2010) e 0.02 (-0.02, 0.06)  24.49
Kropff (2009) — 0.10 (-0.01,0.21)  12.70
Kumar (2012) S——=———022(0.08,0.36)  8.96
Mai (2015) - 0.08 (0.05,0.12)  26.02
Sub total (I-squared=71.5%, p=0.015) | <_> 0.08 (0.02,0.14) 7217
relapsed :
Fu (2012)0.889 —_—— 0.14 (0.04, 0.24)  13.37
Kropff (2007) ——— 0.15(0.05, 0.25)  14.46
Sub total (I-squared=0.0%, p=0.889) < 0.15(0.08, 0.22)  27.83
Overall (I-squared=66.5%, p=0.011) <> 0.10 (0.05,0.15)  100.00
NOTE: Weights are from random effects apalysis
T T
-3.61 0 3.61
B Study %
ID ES (95% CI) Weight
Rosinol (2012) e 0.35(0.27, 0.43) 70.12
Ludwig (2013) ————  0.27(0.14, 0.40) 29.88
Overall (I-squared=8.5%, p=0.296) 100.00

0.33 (0.26, 0.39)

-0.432 0

0432

Figure 3. Evaluation of complete response with bortezomib-cyclophospha-
mide-dexamethasone (VCD) and bortezomib-thalidomide-dexamethasone
(VTD) regimens for multiple myeloma treatment. A: Estimation with VCD regj-
men; B: Estimation with VTD regimen. ES: effect size; Cl: confidence interval.
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aforementioned agents. The
ages were varied from 50 to
64. The detailed doses strat-
egy is presented in Table 2.
Given that only two studies
involved the evaluation of
VTDC, the pooled analysis of
this regimen was not per-
formed.

Outcomes of response

Four indexes such as PR,
ORR, CR and VGPR were esti-
mated in the meta-analysis.
PR was defined as > 50%
reduction of monoclonal im-
munoglobulin and > 90%
reduction of light chain pro-
teinuria; CR was defined as
the complete disappearance
of M protein in serum and
urine on immunofixation and
less than 5% bone marrow
plasma cells. VGPR was de-
fined as serum paraprotein
reduction of > 90% anda 24 h
urine  M-protein  excretion
lower than 100 mg. ORR
included all PR cases or
better.

ORR

There were 8 studies with the
VCD treatment reported ORR
index, involving a total of 564
patients. Among them, two
studies examined the rela-
psed MM. Due to remarkable
heterogeneity was detected
(P = 79.8%, P = 0.000), a
random-effects model was
applied. The pooled results
indicated that with the admin-
istration of VCD, the ORR for
the newly diagnosed MM was
0.87 (95% CI: 0.80, 0.94), and
was 0.789 (95% Cl: 0.639,
0.886) for the relapsed MM
(Figure 2), suggesting a more
efficient effect of the adminis-
tration of VCD on newly diag-
nosed MM than on relapsed
MM patient. With regard to
VTD treatment, two studies
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A Study
ID
Bensinger (2010) —_—
Kumar (2012) —
Mai (2015) -
Reeder (2009)
He (2014) —
Overall (I-squared=69.3%, p=0.011) <>

NOTE: Weights are from random effects apalysis
T

0.29 (0.15,0.43)  18.55

0.41(0.24,0.58)  15.49
0.37 (0.31,043) 27.45
————0.61(0.44,0.78) 15.62
0.27 (0.17,0.37)  22.89

0.38 (0.28, 0.47)  100.00

% that the CR for the newly diag-

ES (95% Cl) Weight nosed MM was 0.326 (95%

Cl: 0.257, 0.395) (Figure 3B).
Comparing with VCD treat-
ment, VTID had a remarkably
increased CR (P = 0.039). In
VTIDC group, two studies
examined the CR, with the val-
ues of 0.46 and 0.27, respec-
tively for the newly diagnosed
and relapsed MM.

VGPR

T T
-0.776 0 0.776

B o Five studies in the VCD group
ﬁ;"dy s (65% G v;eigm for newly diagnosed MM
patients reported the VGPR,
He (2014) S S 0.32 (0.17,0.48) 13.23 comprising of 436 cases. A
g e ’ random-effects model was
Rosinol (2012) —— 0.25 (0.18, 0.32)  59.07 applied for the detection of
: pronounced heterogeneity (I?
Ludwig (2013) S 0.18 (0.07,0.29) 27.71 = 69.3%, P = 0.011). The
Overall (I-squared=14.4%, p=0.311) <> 0.24 (0.18, 0.30)  100.00 combined VGPR was 0.377
: (95% Cl: 0.283, 0.470) with
VCD administration (Figure
T : . 4A). On the other hand, two

-0.481 0 0.481

Figure 4. Evaluation of very good partial response with bortezomib-cyclo-
phosphamide-dexamethasone (VCD) and bortezomib-thalidomide-dexa-
methasone (VTD) regimens for multiple myeloma treatment. A: Estimation
with VCD regimen; B: Estimation with VTD regimen. ES: effect size; Cl: confi-

dence interval.

involved the evaluation of ORR, but only He and
colleagues reported the available data, and
ORR of the newly diagnosed MM was 0.853.
Two studies evaluated the treatment of VTDC,
and ORR was 0.96 for the newly diagnosed MM
patients and 0.88 for the relapsed ones.

CR

There were 6 studies containing 454 patients
reported CR in VCD treatment group, of which
two studies were related to the relapsed MM. A
random-effects model was used for the signifi-
cant heterogeneity (I = 66.5%, P =0.011). As a
result, the newly diagnosed MM applying the
VCD treatment achieved a CR of 0.082 (95% Cl:
0.022, 0.142), whereas the relapsed MM had a
relatively higher CR of 0.145 (95% CI: 0.076,
0.215) (Figure 3A). Two studies involved the CR
in the VTD group. For the absence of significant
heterogeneity, a fixed-effects model was used
to calculate the pooled result, which indicated
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studies in VTD group involved
the evaluation of VGPR. For
the obvious homogeneity (I° =
14.4%, P = 0.311), a fixed-
effects model was selected
and the pooled VGPR for
newly diagnosed MM was
0.240 (95% CI: 0.183, 0.298) (Figure 4B). VTD
treatment achieved a comparable effect on
VGPR with VCD (P = 0.157). In the two studies
of VTDC group, the VGPR for the newly diag-
nosed and relapsed MM patients were 0.25
and 0.09, respectively.

PR

In the 7 studies with the treatment of VCD that
reported the PR, two were aimed at the relapsed
MM patients. The total cases were 531
patients. A random-effects model was applied
for the significant heterogeneity (> = 95.0%, P =
0.000). The combined results indicated that PR
was 0.461 (95% Cl: 0.197, 0.726) for the newly
diagnosed MM, and 0.601 (95% CI: 0.504,
0.698) for the relapsed MM (Figure 5A). For the
two studies examining PR in the VTD group, a
fixed-effects model was used to calculate the
pooled PR, which was 0.284 (95% Cl: 0.224,
0.344) for the newly diagnosed MM (Figure

Int J Clin Exp Med 2017;10(1):293-306
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Astudy % which were about the relaps-
ID ES (95% Cl)  Weight ed MM. A random-effects
model was applied due to the
newly prominent heterogeneity (I =
Bensinger (2010) —— 0.24 (0.11,0.37) 14.30 90.6%, P = 0.016). As indicat-
Kropff (2009) ——+—— 0.67 (0.50, 0.84) 13.66 . . .
Mai (2015) ; -+ 0.78(0.73,0.83) 15.14 ed in Figure 6A,’ the risk of
Reeder (2009) —_— 0.27 (0.12, 0.42) 13.95 thrombocytopenia  for  the
He (2014) — 0.34 (0.23,0.44) 14.62 newly diagnosed MM using
Sub total (I-squared=96.7%, p=0.0001) 0.46 (0.20, 0.73) 71.67 VCD was 0.110 (95% Cl:
0.041, 0.179), and for the
relapsed : relapsed MM was 0.338 (95%
Fu (2012) S LR AT Cl: -0.035, 0.710). In the VTD
Kropff (2007) D el 28 group, two studies involved
Sub total (I-squared=0.0%, p=0.841) <> 0.60 (0.50, 0.70)  28.33 the thrombocytopenia risk,
1 and a fixed-effects model was
Overall (I-squared=95.0%, p=0.0001) <= 050(031.069) 10000 selected to combine the result
NOTE: Weights arle from randon effects apalysis : : (I2 - 40_9%’ P = 0184) As a
-0.838 0 0.838 result, the risk of thrombocy-
Bstugy & topenia was 0.083 (95% Cl:
ID 2l ) Weight 0.046, 0.120) for newly diag-
! nosed MM with VTD treatment
He (2014) ————0.41(0.25,0.58)  13.26 (Figure 6B). Significant differ-
Rosinol (2012) —== 0.25(0.18,0.32) 6553 ences between VCD and VTD

—_—

Ludwig (2013)

0.31 (0.18, 0.44) 21.21

on thrombocytopenia risk
were not detected (P = 0.83).

Overall (I-squared=38.5%, p= 0.197) @ 0.28 (0.22, 0.34) 100.00 ngg'tfﬁeSt:hif; g;)e;ts)(:):lrﬁg
' risks were 0.06 and 0.12,
i respectively for the newly diag-
0577 0 0.577 nosed and relapsed MM
patients.
Figure 5. Evaluation of partial response with bortezomib-cyclophosphamide-
dexamethasone (VCD) and bortezomib-thalidomide-dexamethasone (VTD) Neutropenia

regimens for multiple myeloma treatment. A: Estimation with VCD regimen;

B: Estimation with VTD regimen. ES: effect size; Cl: confidence interval.

5B). There were also no significant differences
between two treatment groups (P = 0.309).
Referred to VTDC group, only two studies
involved the VGPR assessment, with the value
of 0.27 and 0.23, respectively for the newly
diagnosed and relapsed MM patients.

Adverse events

Six toxicity indexes (grade > 3) were evaluated,
among which three were related to blood includ-
ing thrombocytopenia, leukocytopenia and
neutropenia; and three were irrelevant to blood
such as fatigue, neuropathy and diarrhea.

Thrombocytopenia

Seven studies consisting of 520 cases report-
ed the thrombocytopenia in VCD group, two of

300

Three studies in the VCD group
evaluated neutropenia. The
participants were all newly diagnosed MM
patients and the cases were 143. A fixed-
effects model was used due to the significant
homogeneity (> = 35.0%, P = 0.215). VCD treat-
ment achieved a neutropenia risk of 0.177
(95% CI: 0.115, 0.239) among the newly diag-
nosed MM patients (Figure 7A). With regard to
VTD group, there were three studies reported
the risk of neutropenia, and a fixed-effects
model was selected (> = 0.0%, P = 0.720). The
pooled risk of neutropenia for the newly diag-
nosed MM was 0.112 (95% Cl: 0.070, 0.154)
(Figure 7B). The two treatments showed com-
parable effects on the risk of neutropenia (P =
0.232). In the two studies evaluated the neutro-
penia with the administration of VTDC, risk of
neutropenia for the newly diagnosed MM was
0.18, and was 0.04 for the relapsed MM.
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He (2014)

S

Ludwig (2013)

Overall (I-squared=40.9%, p=0.184)
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0.06 (-0.01, 0.13)
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Cl: 0.045, 0.099), and was
0.210 (95% CI: 0.100, 0.320)
for the relapsed MM (Figure
8C).

30.51

100.00
Diarrhea

There were five studies in the

T
-0.334 0

Figure 6. Evaluation of thrombocytopenia with bortezomib-cyclophosphamide-
dexamethasone (VCD) and bortezomib-thalidomide-dexamethasone (VTD)
regimens for multiple myeloma treatment. A: Estimation with VCD regimen; B:
Estimation with VTD regimen. ES: effect size; Cl: confidence interval.

Leukocytopenia

In the VCD treatment group, there were 3 stud-
ies concerned leukocytopenia. Among them,
one was about the relapsed MM patients. The
total cases were 116. Due to the detection of
significant heterogeneity (° = 84.4%, P =
0.002), a random-effects model was applied.
The pooled results indicated that the risk of leu-
kocytopenia for the newly diagnosed MM with
VCD treatment was 0.267 (95% CIl: -0.095,
0.629), while that for the relapsed MM was
0.2000 (95% CI: 0.092, 0.308) (Figure 8A).

Fatigue

Five studies involved fatigue in the VCD group,
in which two were about the relapsed MM.
There were 237 cases in this group and a fixed-
effects model was used (I = 70.8%, P = 0.032).
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T
0.334

VCD group reported diarrhea,
with one referring to the
relapsed MM. A cohort of
226 cases was involved in.
The combined analysis was
conducted under a random-
effects model (° = 66.5%, P = 0.018), and it
was presented that the risk of diarrhea was
0.070 (95% CI: 0.008, 0.103) for the newly
diagnosed MM, and 0.020 (95% CI: -0.018,
0.058) for the relapsed MM (Figure 8D).

Discussion

There was not a consistent assessment of the
effects about VCD, VTD and VTDC on the MM
patients, especially the relapsed MM. In the
present meta-analysis, we included 11 studies
to provide a comprehensive evaluation about
the efficiency and safety of these treatments
on MM patients. The results indicated that all
the treatments achieved a higher response
effect on the newly diagnosed MM than the
relapsed MM. VCD and VTD had a comparable
efficiency on the ORR, VGPR and PR. However,
VTD had a pronounced higher CR than VCD on
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tration of VTD. Moreover, VTD
% is verified to be a potent non-
chemotherapeutic drug that
causes pronounced reduc-
tion of tumor cell in patients
with autografted myeloma by
RQ-PCR [37]. As expected,

e 014(004,024) 18.96 our results indicated that VTD

attained a significant higher
CR than VCD with regard to
CR (0.326 vs. 0.082), sup-
porting the superiority of VTID
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Figure 7. Evaluation of neuropathy with bortezomib-cyclophosphamide-dexa-
methasone (VCD) and bortezomib-thalidomide-dexamethasone (VTD) regi-
mens for multiple myeloma treatment. A: Estimation with VCD regimen; B:
Estimation with VTD regimen. ES: effect size; Cl: confidence interval.

the newly diagnosed MM patients (P < 0.05).
Notably, VTDC achieved a decreased risk of
thrombocytopenia than either VCD or VTD (0.06
vs. 0.11 or 0.083) for the treatment of newly
diagnosed MM. Besides, compared with VCD,
VTD had a lower risk of thrombocytopenia
(0.083 vs. 0.11) and neutropenia (0.112 vs.
0.177) for the newly diagnosed MM patients;
however without statistical significance.

The increased response to MM therapy is tight-
ly correlated with the improved long-term out-
comes. The standard regimens of VCD and VTD
have been confirmed both efficacious [19]. The
synergetic enhancement of immunomodulatory
drug thalidomide and the inhibitor bortezomib
confers the improvement of clinical outcomes
of MM patients [32]. The transcription factor
nuclear factor-kB (NF-kB) acts as a crucial regu-
lator in the inflammatory process of various
cancer types, while the proteasome inhibitor
bortezomib results in the stabilization of IkBp,
which could consequently decrease the NF-kB
activity [33, 34]. Interestingly, it is well-elucidat-
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regimen for the newly diag-
nosed MM. Given that cyclo-
phosphamide is beneficial for
the collection and transplan-
tation of stem cells, it is
understandable that the four-
drug combination of VTDC
achieved a more increased CR than VTD (0.46
vs. 0.326).

In the present study, VCD presented a compa-
rable effect with VTD regarding to ORR, VGPR
and PR, inconsistent with previous findings that
VTD is more advantageous than VCD [19, 31].
The possible causative factors might be that
only two studies examining the VTD effective-
ness were included in our meta-analysis; and
moreover, due to the finite available informa-
tion, we did not calculate the pooled results,
which might cause the deviation of the results.
Besides, there lacked the phase lll clinical data.

As MM is a progressive disease, most patients
suffered with MM would inevitably undergo the
relapse after the remission of drug therapy.
Due to the individual difference, the time to
relapse of different patients is quite variable
[38], which might account for the lower ORR
among the relapsed MM, comparing with that
among the newly diagnosed MM patients, with
both VCD regimen and VTDC regimen (0.789
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more relevant studies and that subgroup analy-
sis stratified by MM types was considered, sev-
eral limitations of this study should be dis-
cussed. Though we performed the subgroup
analysis, different types were not well-distribut-
ed in the studies, and the relapsed MM was
not mentioned in the VTD regimen. Moreover,
substantial heterogeneity across studies was
observed in the VCD group, which might distort
the combined results. Importantly, only two
studies involved the evaluation of VTDC, which
might provide the inaccurate results to some
extent. Therefore more large numbers of ran-
domized controlled trials (RCTs) and the valida-
tions in stage Il trials are warranted.

In conclusion, our findings indicated that for
newly diagnosed MM patients, VTD had a com-
parable effectiveness with VCD in terms of
ORR, VGPR and PR, but a pronounced higher
CR than VCD. Moreover, VID was more well-
tolerantthan VCD. Besides, VTDC had increased
CR and also achieved higher risk of toxicity,
comparing with VTD. However, more RCTs with
large sample size are needed to confirm these
findings.
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