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Bortezomib, epirubicin, and dexamethasone (PAD) results in
superior free-progression survival compared to bortezomib,
cyclophosphamide, and dexamethasone (VCD) treatment in
non-transplantation newly diagnosed multiple myeloma patients
aged between 50 to 65: a retrospective single-center analysis in
non-transplant patients
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Background: To explore the optimum induction therapy for patients with newly diagnosed multiple
myeloma (NDMM) who are eligible but have not yet received autologous stem cell transplantation (ASCT)
in China.

Methods: A total of 140 NDMM patients with cytogenetic background were selected from the Chang
Zheng Hospital for this study. The induction therapy consisted of combined bortezomib (1.3 mg/m’, i.v.),
cyclophosphamide (200 mg, i.v.), and dexamethasone (20 mg, i.v.) (VCD); or combined bortezomib (1.3 mg/m’,
i.v.), epirubicin (50 mg/m’, i.v.), and dexamethasone (20 mg, i.v.) (PAD). All patients received 4-6 cycles
of induction therapy until the first remission (defined as reaching at least partial remission), followed by
thalidomide (100 mg/every night, p.o.) as the maintenance therapy. Data was analyzed using SPSS18.0
software and Kaplan-Meier and Cox regression analyses.

Results: Of the 140 patients enrolled, 56 were treated with VCD and 84 received the PAD regimen.
Compared to patients treated with VCD, patients receiving PAD treatment showed better free-progression
survival (PFS) (hazard ratio: 0.355; 95% confidence interval: 0.214 to 0.591; P<0.001) and response rates,
defined as achieving very good partial response (VGPR) or better (VCD wvs. PAD: 47/56 or 83.9% vs. 77/84
or 92.8%; P=0.087). Similarly, the superior efficiency of PAD treatment was observed in different cytogenetic
abnormality subgroups, even in patients with 121 amplification.

Conclusions: This analysis demonstrated that PAD treatment resulted in better PFS compared to VCD in
NDMM patients (aged 50-55 years old) who are eligible for but refuse ASCT therapy.
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Introduction

According to the National Comprehensive Cancer
Network (NCCN) Guidelines (Version 1.2020) (1),
the first-line therapy for patients with newly diagnosed
multiple myeloma (NDMM) is induction with combination
bortezomib, lenalidomide, and dexamethasone (VRD)
followed by autologous stem cell transplantation (ASCT).
However, VRD and ASCT are not readily accessible for the
majority of patients in China due to the high costs involved.
Consequently, other cytotoxic agents in combination
with bortezomib is often used in China (2,3). However, it
remains to be determined which combination therapy is
most effective for NDMM patients who are eligible for but
not receiving ASCT.

According to the latest NCCN recommendation,
combined bortezomib, cyclophosphamide, and
dexamethasone (VCD) treatment or combined bortezomib,
epirubicin, and dexamethasone (PAD) should be used as
the primary therapy for transplant candidates. Interestingly,
VCD has been shown to result in superior patient survival
compared to bortezomib and dexamethasone (VD), VRD,
or bortezomib, thalidomide, and dexamethasone (VTD)
(4-7), and has been recommended as category 1 therapy.
Furthermore, PAD performed noticeably better compared
to combined vincristine, doxorubicin, and dexamethasone
(VAD) treatment (8). While there has been little data
comparing the efficacy of VCD and PAD, some studies
have suggested that patients treated with VCD shows
similar survival to patients given PAD, however, PAD
may result in more adverse events (9-11). Therefore, it is
necessary to investigate which regime is more effective for
patients enrolled in this study and this current study was
performed to determine the optimum therapy for NDMM
patients aged 50-65 years old who are eligible for but refuse
treatment with ASCT.

Multiple myeloma (MM) is a heterogeneous disease
characterized by chromosomal translocation, deletion,
and amplification of plasma cells, resulting in a substantial
heterogeneity in treatment outcomes (12-14). Amp(1q21),
t(4; 14), and del(17p) are commonly observed cytogenetic
abnormalities associated with MM and have been shown
to be independent prognostic factors of MM (15-17).
In addition to the risk stratification developed by the
International Myeloma Working Group (IMWG), a new
“double-hit” prognostic system was developed based on the
co-existence of 2 or more high-risk abnormalities. Early
identification facilitates the early prevention and treatment
of relapse and progression in patients with NDMM (18,19).
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This investigation was conducted to identify the optimum
therapy for NDMM patients with different cytogenetic
backgrounds. We present the following article in accordance
with the STROBE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-22-394/rc).

Methods
Patients and inclusion criteria

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Informed
consent was obtained from all individual participants
included in this study. The study was approved by the
Medical Ethics Committee of Chang Zheng Hospital (No.
AFHECO012).

A total of 140 NDMM patients with complete clinical
records and follow-up data were retrospectively recruited
from the Chang Zheng Hospital, Shanghai, China. All
patients were newly diagnosed between 21th August, 2011
and 1st December, 2016. The chromosome karyotypes of all
recorded patients were determined using fluorescence in situ
hybridization (FISH) technology. All routine examinations
for MM were conducted prior to treatment. Patients
were included in this study if they satisfied the following
inclusion criteria: (I) received specific induction therapy,
being either VCD or PAD; (II) did not undergo ASCT;
(III) presented with specific cytogenetic abnormalities
including t(4; 14), del(17p), or amp(1q21) (defined as more
than 20% clonal plasma cells positive as detected by FISH;
and (IV) had a complete set of clinical data (including basic
information, FISH results, and treatment outcomes).

Chemotherapy and maintenance treatment

All patients received induction therapy (median, 4 cycles)
until partial remission (PR) or better was achieved. This
was followed by 100 mg oral thalidomide every night
as the maintenance therapy. As there are currently no
existing guidelines, the use of VCD or PAD was at the
discretion of the attending physician, in consultation with
the patient’s condition and preference. The VCD treatment
consisted of 1.3 mg/m’ bortezomib on days 1, 4, 8, and 11;
200 mg cyclophosphamide (i.v.) on days 1-4; and 20 mg
dexamethasone (i.v.) on days 1-4 and 7-10 (160 mg/cycle,
repeated every 28 days). The PAD regimen consisted of
1.3 mg/m’ bortezomib on days 1, 4, 8, and 11; 50 mg/m’
epirubicin (i.v.) on day 1; and 20 mg dexamethasone (i.v.) on
days 1-4 and 7-10 (160 mg/cycle, repeated every 28 days). A
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Figure 1 A flow diagram of the patient selection process. Patients from Chang Zheng Hospital who were diagnosed with NDMM, had

complete clinical data available, and completed the long-term follow-up were included. *, due to significant imbalance in the two therapy

groups, patients aged 35-50 years were excluded. ', special cytogenetic abnormalities include the negative group [negative in amp(1q21),

del(17p), t(4; 14)]; the 1q21 group [positive in amp(1q21), negative in del(17p), t(4; 14)]; the positive group [positive in amp(1q21) and

del(17p) or t(4; 14)]. NDMM, newly diagnosed multiple myeloma; VCD, bortezomib, cyclophosphamide, and dexamethasone; PAD,

bortezomib, doxorubicin, and dexamethasone; VDD, bortezomib, liposomal doxorubicin, and dexamethasone; TAD, thalidomide,

doxorubicin, and dexamethasone; TCD, thalidomide, cyclophosphamide, and dexamethasone; SCT, stem cell transplantation.

total of 11 (7.86%) patients were lost to follow-up, and the
median follow-up time was 17.97 months [95% confidence
interval (CI): 11.67-27.97 months]. The follow-up period was
defined as the time from diagnosis to the first progression or
death. All patients were transplant candidates who refused
to receive ASCT due to various reasons.

Statistical analysis

Patient characteristics and indexes including age, serum
protein electrophoresis, immunoprotein quantification,
organ damage, extra-medullary infiltration (time and site),
Revised-International Staging System (R-ISS) stage, lactic
dehydrogenase (LDH) levels, FISH and flow cytometry
data, co-morbidities, therapies, adverse events, and
progression free survival (PFS) were collated. All statistical
analyses were performed using SPSS18.0 software.
Normally distributed data is described as mean + standard
deviations (SD). Abnormally distributed data is described
as median and interval quartile range (IQR). The baseline
values of all patient indexes were compared using analysis
of variance (ANOVA) and non-parametric statistical tests
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(including Mann-Whitney U test and Bonferroni test). The
Kaplan-Meier curve was used to determine the variables
which may affect the PFS and the potential variables were
analyzed via Cox regression to control for confounding
factors.

Results
Patients and baseline characteristics

Due to the significant differences in younger patients (those
younger than 50 years old) and older patients (those aged
65 years and older) (20), this study enrolled 140 patients
aged between 50 and 65 years old who were eligible for but
refused ASCT treatment. Figure 1 shows the flow chart
of the selection process. Of the 140 patients, 56 received
VCD and 84 received PAD. The baseline characteristics
are showed in 7able 1. The median age of the VCD group
and the PAD group is 61 years (IQR, 57-64 years) and
59 years (IQR, 56-62 years), respectively. For further
analysis, the ages of all included patients were classified
into three groups, namely, those aged 50-55, 56-60, and
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Table 1 the baseline characteristics of all included patients (n=140)"

Characteristics VCD (n=56) PAD (n=84) P value

Age, years, median 61 (57.0-64.0)
(IQR)

59 (560-62.0)  0.014

Distribution, n (%)

50-55 11 (19.6) 20 (23.8)
56-60 14 (25.0) 34 (40.5)
61-65 31 (55.4) 30 (35.7)
Gender, n (%) 0.298
Male 32 (57.1) 53 (63.1)
Female 24 (42.9) 31(36.9)
Creatinine, pmol/L, 78.50 72.00 0.102
median (IQR) (60.00-209.25) (55.50-108.75)
Renal insufficiency, 9 (36.0) 14 (23.7) 0.187
n (%)
M protein, n (%) 0.059
IgA 8(14.3) 27 (32.1)
IgD 3(5.4) 7(8.3)
IgG 28 (50.0) 34 (40.5)
Nonsecretory 3 (5.4) 1(1.2)
Light chain 12 (21.4) 15(17.9)
Missing data 2 (3.6) 0
Serum free light 0.409
chain, n (%)
K 28 (50.0) 39 (46.4)
IS 25 (44.6) 44 (52.4)
Missing 3(5.4) 1(1.2)
R-ISS stage, n (%) 0.730
| 10 (17.9) 17 (20.2)
Il 33 (58.9) 52 (61.9)
1] 13 (23.2) 15(17.9)
High LDH, n (%) 11 (20.0) 13 (15.5) 0.320
CRP, mg/L, median 3.26 4.33 0.833
(IQR) (1.37-8.16) (1.39-6.83)
B2MG, mg/L, 4.70 3.63 0.164
median (IQR) (2.61-9.82) (2.32-7.50)
BMPC, %, median 29.00 22.00 0.130
(IQR) (16.00-51.50)  (10.88-40.38)

Table 1 (continued)
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Table 1 (continued)

Characteristics VCD (n=56) PAD (n=84) P value
Monocyte, %, 6.85 6.10 0.061
median (IQR) (5.45-7.80) (4.60-7.10)
Extramedullary 9 (16.7) 15(18.8) 0.473
invasion, n (%)
Cytogenetic
abnormalities

t(4; 14) 4(7.7) 19 (26.8)

17p- 4(7.1) 8(9.5)

1921+ 35 (62.5) 47 (56.0)
Recruitment 2013/10-2016/12 2011/8-2016/7
duration
Treatment cycle, 4[1-6] 4[1-8]

median [range]

%, a total of 140 NDMM patients aged 50-65 who were eligible
but refused to receive ASCT. ANOVA test, Mann-Whitney U test,
and Bonferroni test were used to analyze the differences between
the two groups. The diagnostic criteria and R-ISS staging were in
accordance with the International Myeloma Working Group. The
positive of cytogenetic abnormalities were defined as more than
20% of clone plasma cell as detected by FISH. VCD, bortezomib,
cyclophosphamide and dexamethasone; PAD, bortezomib,
epirubicin and dexamethasone; IQR, interquartile range; RISS,
revised international myeloma staging system; LDH, lactic
dehydrogenase; CRP, C-reactive protein; f2MG, p2-microglobulin;
BMPC, bone marrow plasma cell ratio; NDMM, newly diagnosed
multiple myeloma; ASCT, autologous stem cell transplantation;
ANOVA, analysis of variance.

61-65 years. Kaplan-Meier analysis showed statistically
significant difference between treatment type (VCD
or PAD) (P<0.001), however, there was no significant
difference observed with the other indexes (Figure 24-2H).
As age is known to be an important prognostic factor (21),
R-ISS staging and age were taken into consideration in
the Cox regression to control for confounding factors (22).
As patient comorbidities can play a role in the selection of
the type of therapy as well as prognosis (23), patient basic
characteristics and comorbidities were analyzed (Table 2).

Efficiency

Analysis of the 140 patients demonstrated that patients
treated with PAD had longer PFS and a superior response
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Figure 2 Cumulative survival curves showing the association between different variable and progression free survival. (A) A comparison
of PFS between male and female patients (P=0.578). (B) A comparison of PFS between age groups (P=0.441). (C) A comparison of PFS
in patients with and without renal insufficiency (P=0.793). (D) The PFS in patients with different types of M proteins (P=0.486). (E) The
PFS in patients with high (245 U/L) or low LDH (P=0.436). (F) The PFS of patients with or without extramedullary invasion (P=0.830).
(G) The PES of patients with different R-ISS stages (P=0.058). (H) The PFS of patients treated with VCD or PAD (P<0.001). Since
R-ISS staging and treatment met the proportional hazards (PH) assumption, R-ISS stage and treatment were used to establish the Cox
regression model. The statistical significance criteria were set at 0.1. PFS, progression-free survival; LDH, lactic dehydrogenase; R-ISS,
Revised-International Staging System; VCD, bortezomib, cyclophosphamide, and dexamethasone; PAD, bortezomib, doxorubicin, and
dexamethasone.
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Table 2 The baseline characteristic of the comorbidities in the
patients”

Comorbidities VCD (n=56) PAD (n=84) P value

Hypertension, n (%) 22 (44.6) 22 (26.2) 0.102
Diabetes, n (%) 7 (12.5) 3(3.6) 0.094
Coronary heart disease, n (%) 5(8.9) 2(2.4) 0.178

Hepatic disease, n (%) 4(7.1) 8 (9.5) 0.820

* there was a total of 140 NDMM patients aging 50 to 65 who were
eligible but refused to receive ASCT therapy. The Mann-Whitney
U test and Bonferroni test were used to analyze the differences
between the two groups. The diagnosis of hypertension was in
accordance with the criteria of the ESC and the AHA. The diagnosis
of diabetes was based on the criteria of the ADA. The diagnosis
of coronary heart disease referred to the criteria of the ACC and
the ESC. Hepatic disease included hepatitis and cirrhosis and the
diagnostic criteria was in consultation with the guidelines of the
CMA. VCD, bortezomib, cyclophosphamide, and dexamethasone;
PAD, bortezomib, epirubicin, and dexamethasone; ESC, European
Society of Cardiology; AHA, American Heart Association; ADA,
American Diabetes Association; ACC, American College of
Cardiology; ESC, European Society of Cardiology; CMA, Chinese
Society of Hepatology; NDMM, newly diagnosed multiple
myeloma; ASCT, autologous stem cell transplantation;

Table 3 The efficacy of the two induction therapies’

Effect VCD (n=56) PAD (n=84)

Post-induction effect, n (%)
CR 14 (25.0) 30 (35.7)
PR 24 (42.9) 39 (46.4)
VGPR 10 (17.9) 19 (22.6)
VGPR or better 47 (83.9) 77 (91.7)
SD 7 (12.5) 5(6.0)
PD 2(3.6) 1(1.2)
Missing 0(0.0) 1(1.2)

PFS, months, median  10.07 (7.30-13.43) 17.97 (10.83-28.90)
(IQR)

* there was a total of 140 patients who were treated with VCD
or PAD. Descriptive statistical analysis was used to assess the
distribution of PFS. Response or progression were defined
according to the International Myeloma Working Group criteria.
VCD, bortezomib, cyclophosphamide, and dexamethasone;
PAD, bortezomib, epirubicin, and dexamethasone; CR, complete
response; PR, partial response; VGPR, very good partial
response; SD, stable disease; PD, progressive disease; PFS,
progression-free survival; IQR, interquartile range.
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rate compared to patients treated with VCD. There was
a significant difference in the age between patients in
the VCD treatment group and those in the PAD group
(P=0.014). When the age variable was converted to a
categorical variable, Kaplan-Meier analysis showed no
significant association between age and PFS (P=0.441).
Furthermore, when age was considered a classified variable,
Cox regression analysis revealed that there was no statistical
significance in age between the two treatment groups. PFS was
7.9 months longer in patients treated with PAD (17.97 months;
range, 10.83-28.90 months) compared to patients treated
with VCD (10.07 months; range, 7.30-13.43 months)
(P<0.001), with a hazard ratio of 0.385 (0.265-0.558).
Moreover, patients treated with PAD showed a more
satisfactory response rate (47/56, 83.9%) compared to
patients treated with PAD (77/84, 91.7%) (P=0.087; Table 3).
These data demonstrated that, compared to VCD, PAD
treatment resulted in superior PFS and response rate in
NDMM patients aged 50 to 65 years who are eligible for but
not receiving ASCT.

PAD treatment also resulted in better PFS and response
rates in all cytogenetic abnormality groups compared to
VCD treatment. The cytogenetic background of all 140
patients was analyzed and 114 patients with the cytogenetic
abnormalities amp (1q21), del(17p), or t(4; 14), were
selected for further investigation. Patients in all cytogenetic
abnormality groups showed superior median PFS after
treatment with PAD compared to patients treated with
VCD, except for patients with the t(4; 14) abnormality,
where the variations in the sample size prevented an
accurate comparison (3 patients received VCD and 17
received PAD). The outcomes for the other subgroups are
shown in Figure 3.

Discussion

To the best of our knowledge, this single-center
retrospective analysis is the first to demonstrated that,
compared to VCD treatment, PAD treatment resulted
in a longer PFS and a superior response rate in NDMM
patients aged 50 to 65 years old who were eligible for but
not receiving ASCT therapy.

There is limited literature comparing the efficacy of
VCD and PAD in NDMM patients. Contrary to our
current investigation, Mai et al. (9) suggested that VCD
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Figure 3 The results of progression-free survival in subgroups defined according to the baseline characteristics. Compared with VCD,
PAD treatment exerted a protective effect in NDMM patients aged 50-65 years who were eligible for but refused ASCT treatment. This

protective effect was observed in different subgroups. R-ISS was defined according to the International Myeloma Working Group criteria.

High LDH was defined as LDH >245 U/L. Without amp(1q21) (group A) represents patients who were negative in amp(1q21), t(4; 14) and

del(17p) as detected by FISH. Amp(1q21) (group B) represents patients who were positive in amp(1q21) and negative in t(4; 14) del(17p)

(positive being defined as more than 20% of clonal plasma cell by FISH). LDH, lactic dehydrogenase; R-ISS, Revised-International Staging

System; VCD, bortezomib, cyclophosphamide, and dexamethasone; PAD, bortezomib, doxorubicin, and dexamethasone. NDMM, newly

diagnosed multiple myeloma; FISH, fluorescence in situ hybridization; ASCT, autologous stem cell transplantation.

may be a more advantageous induction therapy compared
to PAD in patients receiving ASCT therapy. However, there
are numerous differences between the 2 studies which may
explain the seemingly contrasting results.

The first and foremost is that the study by Mai et al. (9) is

© Annals of Translational Medicine. All rights reserved.

designed as a randomized controlled trial (RCT), while this

current study is a retrospective analysis. RCTs are routinely

undertaken in specific trial centers and the outcomes may

not reflect real-world conditions. By contrast, a retrospective
study is much more representative of the real world as the

Ann Transl Med 2022;10(12):674 | https://dx.doi.org/10.21037/atm-22-394



Page 8 of 10

patients are all selected from the real-world but not pre-
designed. Indeed, many studies have reported different
results between RCTs and real-world conditions (24-27).
The second difference is in the doses of cyclophosphamide
and dexamethasone. While cyclophosphamide was used
at a dose of 900 mg/m’ by Mai ez al. (9), the dose used in
our study was 800 mg in accordance with the guidelines
for diagnosis and treatment of multiple myeloma in
China. In addition, Mai and colleagues used a high-dose
of dexamethasone (9). Rajkumar’s study has suggested that
low-dose dexamethasone may have a more satisfactory PFS
and lower toxicity compared with high-dose dexamethasone
in NDMM patients (28). In addition, differences in the race
and age of the study cohort may contribute to differences in
the incidence of MM and patient outcomes (29-31). Finally,
Mai’s study suggested that VCD maybe an advantageous
induction therapy prior to receiving ASCT treatment (9).
However, the patients in our analysis received VCD or PAD
as chemotherapy treatment rather than induction therapy.
Therefore, the terminal point of Mai’s study was to receive
ASCT therapy (9), whereas, the endpoint for our patients
was remission using VCD or PAD therapy.

This current report has particular significance for
NDMM patients in China. First, as few as 20% of patients
are eligible for and will undergo ASCT therapy in China.
"This is largely due to the associated side effects and massive
costs associated with ASCT and VRD therapy. In fact,
in Shanghai, an estimated 23% of patients are eligible,
and only 21% will actually undergo ASCT. By contrast,
VCD and PAD therapy is more accessible but it remains
controversial which is the better treatment regimen (32).
The current investigation demonstrated that PAD is
superior both in terms of longer PFS and a better response
rate in NDMM patients aged 50 to 65 years old who were
eligible for but not receiving ASCT therapy. Second, MM
is generally a condition which affects people over the age
of 50 years (33). Consistent with this, in our study cohort,
16% (100/625) of patients diagnosed with NDMM were
less than 50 years old. Patients aged 50 to 65 years account
for approximately 10-20% of all NDMM patients in China.
Therefore, developing the optimum therapy for this age
group will be applicable to a significant portion of MM
patients in China. Third, this study demonstrated that
treatment outcomes were not affected by differences in
cytogenetic abnormalities in the PAD group nor the VCD
treatment group. Indeed, bortezomib-based induction
therapy could partially improve poor prognosis in all
patients. Noteworthy is that most of the patients with
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cytogenetic abnormalities were likely to change therapy or
were treated with more than three agents [group B: 78/253
(69.17%) and group C: 71/99 (71.72%)], and this may have
contributed to the outcomes.

In conclusion, this retrospective analysis demonstrated
that, compared to VCD, PAD treatment resulted in a
longer PFS in NDMM patients aged 50-65 years old
who were eligible for but did not receive ASCT therapy
in China. There are some limitations to this study. First,
in order to prevent severe adverse events and toxicities in
elderly or frail patients, reduced-intensity induction therapy
is used in those patients. Therefore, the regime and dose
in this study may not apply to them. In fact, the adverse
events are also important considerations in the choice of
therapy. However, may be due to the small sample size of
this study, only common side effects such as nausea, fatigue,
diarrhea, headache are observed, while no severe side effects
are observed. Second, this was a single-center study and
there may be some coincidences and systematic mistakes.
Finally, while the retrospective nature of this study means
it is more representative of the real-world situation, there
are certain factors that could not be controlled for and these
may result in bias of outcomes. Future studies will examine
the underlying mechanisms giving rise to the differences
observed with the two treatment regimes.
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