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ABSTRACT

BACKGROUND
This study compared bortezomib with high-dose dexamethasone in patients with re-
lapsed multiple myeloma who had received one to three previous therapies.

METHODS

We randomly assigned 669 patients with relapsed myeloma to receive either an intrave-
nous bolus of bortezomib (1.3 mg per square meter of body-surface area) on days 1, 4, 8,
and 11 for eight three-week cycles, followed by treatment on days 1, 8, 15, and 22 for
three five-week cycles, or high-dose dexamethasone (40 mg orally) on days 1 through
4, 9 through 12, and 17 through 20 for four five-week cycles, followed by treatment on
days 1 through 4 for five four-week cycles. Patients who were assigned to receive dexa-
methasone were permitted to cross over to receive bortezomib in a companion study
after disease progression.

RESULTS

Patients treated with bortezomib had higher response rates, a longer time to progres-
sion (the primary end point), and a longer survival than patients treated with dexa-
methasone. The combined complete and partial response rates were 38 percent for
bortezomib and 18 percent for dexamethasone (P<0.001), and the complete response
rates were 6 percent and less than 1 percent, respectively (P<0.001). Median times to
progression in the bortezomib and dexamethasone groups were 6.22 months (189
days) and 3.49 months (106 days), respectively (hazard ratio, 0.55; P<0.001). The one-
year survival rate was 80 percent among patients taking bortezomib and 66 percent
among patients taking dexamethasone (P=0.003), and the hazard ratio for overall sur-
vival with bortezomib was 0.57 (P=0.001). Grade 3 or 4 adverse events were reported in
75 percent of patients treated with bortezomib and in 60 percent of those treated with
dexamethasone.

CONCLUSIONS
Bortezomib is superior to high-dose dexamethasone for the treatment of patients with
multiple myeloma who have had a relapse after one to three previous therapies.

N ENGL J MED 352;24 WWW.NEJM.ORG JUNE 16, 2005

From the Dana-Farber Cancer Institute,
Boston (P.G.R., K.C.A\); University Hospi-
tal Rotterdam, Rotterdam, the Netherlands
(P.S.); New York—Presbyterian Hospital,
New York (M.W.S.); Alta Bates Cancer Cen-
ter, Berkeley, Calif. (D.l.); University of
Pennsylvania Cancer Center, Philadelphia
(E.AS.); Hospital Claude Huriez, Lille,
France (T.F.); Hotel Dieu Hospital, Nantes,
France ().-L.H.); Hadassah University Hos-
pital, Jerusalem (D.B.-Y.); Emory Univer-
sity, Atlanta (S.L.); Universitaetsklinikum
Heidelberg, Heidelberg, Germany (H.G.);
Princess Margaret Hospital, Toronto (D.R.);
Hospital Universitario de Salamanca, Sala-
manca, Spain (J.F.S.-M.); Institut d’Investi-
gacions Biomédiques Agusti Pi i Sunyer,
Barcelona (J.B.); Universita di Torino, Tori-
no, ltaly (M.B.); St. Bartholomew’s Hospi-
tal, London (J.C.); H. Lee Moffitt Cancer
Center, Tampa, Fla. (W.S.D.); and Millen-
nium Pharmaceuticals, Cambridge, Mass.
(A.L.B., D.L.E., J.B.P., D.S.). Address reprint
requests to Dr. Richardson at the Dana—
Farber Cancer Institute, 44 Binney St., Bos-
ton, MA 02115, or at paul_richardson@
dfci.harvard.edu.

*Other investigators in the APEX group
are listed in the Appendix.

N Engl ) Med 2005;352:2487-98.
Copyright © 2005 Massachusetts Medical Society.

2487

Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



2488

The NEW ENGLAND JOURNAL of MEDICINE

URING THE PAST 10 YEARS, ADVANCES
in the treatment of multiple myeloma have
improved survival moderately.” In newly
diagnosed disease, only high-dose chemotherapy
followed by autologous hematopoietic stem-cell
transplantation provides a survival benefit.3 The
optimal therapy for relapsed myeloma is not estab-
lished, but high-dose dexamethasone is common-
ly used.*® Response rates with this treatment are
similar to those with vincristine, doxorubicin, and
dexamethasone (VAD), and the dexamethasone
component is estimated to account for 85 percent
of the effect of VAD.”"®
The proteasome inhibitor bortezomib induces
apoptosis, reverses drug resistance of multiple
myeloma cells, and affects their microenvironment
by blocking cytokine circuits, cell adhesion, and
angiogenesis in vivo.°*? In a phase 2 study of re-
lapsed and refractory myeloma, 27 percent of heavi-
ly pretreated patients had a complete or partial re-
sponse with bortezomib.*# On the basis of these
results, bortezomib received approval for the treat-
ment of relapsed and refractory multiple myeloma.
The phase 3 randomized trial reported here com-
pared bortezomib with high-dose dexamethasone
in patients with multiple myeloma who had had a
relapse after one to three other therapies.

METHODS

PATIENTS

Eligible patients had measurable progressive dis-
ease after one to three previous treatments. They had
a score on the Karnofsky performance scale of at
least 60, a platelet count of at least 50,000 per cubic
millimeter, a hemoglobin level of at least 7.5 g per
deciliter, an absolute neutrophil count of at least
750 per cubic millimeter, and a creatinine clear-
ance of at least 20 ml per minute. Patients were ex-
cluded if they had previously received bortezomib
or had disease that was refractory to high-dose dex-
amethasone (defined by a less-than-partial response
or progressive disease within 6 months after receipt
of at least 500 mg of dexamethasone during a 10-
week period or discontinuation of the drug due to
associated grade 3 or higher adverse events), had
at least grade 2 peripheral neuropathy, or had any
clinically significant coexisting illness unrelated to
myeloma. Review boards at all the participating in-
stitutions approved the study, and all patients pro-
vided written informed consent. The study was
conducted according to the Declaration of Helsinki,

the International Conference on Harmonization,
and the Guidelines for Good Clinical Practice.

STUDY DESIGN AND TREATMENT

This randomized (1:1), open-label, phase 3 study
was conducted at 93 centers in the United States,
Canada, Europe, and Israel from June 2002 to Oc-
tober 2003. Randomization was stratified according
to the number of previous treatments (1vs. >1), time
to progression after the last treatment (<6 months
vs. >6 months), and B,-microglobulin values (£2.5
mg per liter vs. >2.5 mg per liter). Bortezomib (ata
dose of 1.3 mg per square meter of body-surface
area) was administered by intravenous bolus on
days 1,4, 8, and 11 of cycles 1 through 8 (21-day cy-
cles) and on days 1, 8, 15, and 22 of cycles 9 to 11
(35-day cycles), for a maximum treatment period of
273 days. Oral dexamethasone (40 mg) was admin-
istered on days 1 to 4, 9 to 12, and 17 to 20 of cycles
1 through 4 (35-day cycles) and on days 1 to 4 of cy-
cles 5 through 9 (28-day cycles), for a maximum
treatment period of 280 days. Patients in the dexa-
methasone group with confirmed disease progres-
sion were permitted to cross over to receive bortez-
omib in a companion study. Platelet and red-cell
transfusions and the administration of neutrophil
growth factors and epoetin alfa were allowed. All
patients were to receive bisphosphonates intrave-
nously every three to four weeks unless such treat-
mentwas clinically contraindicated.

The primary objective was to compare the time
to disease progression in the two treatment groups.
Secondary end points included overall and one-year
survival, the response rate (complete plus partial re-
sponse), the duration of the response, the time to
the first evidence of a confirmed response, the time
to a firstinfection of grade 3 or higher, the incidence
of a grade 3 or higher infection, and the time to a
first skeletal event (including new fractures, except
vertebral compression or rib fractures, bone irradi-
ation, bone surgery, and spinal cord compression).

The Assessment of Proteasome Inhibition for
Extending Remissions (APEX) trial was designed as
a collaborative effort by Dr. Richardson, the coin-
vestigators, the Investigators’ Management Team
(Drs. Anderson, Dalton, Harousseau, and San-
Miguel), and the sponsor, Millennium Pharmaceu-
ticals. Data were collected by the sponsor, and the
final analysis was performed by the sponsor in col-
laboration with Dr. Richardson. All authors had full
access to the primary data and the final analysis.
Drs. Richardson and Anderson vouch for the pub-
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lished results. The sponsor placed no limits on the
analysis or content of the manuscript, and all au-
thors supported the decision to publish the results.

ASSESSMENTS

Time to progression and response rates were de-
termined by a computer-programmed algorithm
(validated by a three-member independent review
committee), according to the European Blood and
Marrow Transplant Group.® Briefly, a complete re-
sponse was defined by the absence of monoclonal
immunoglobulin (M protein) in serum and urine,
as confirmed by immunofixation. A partial response
was defined by a reduction of M protein in serum of
at least 50 percent and a reduction in urine of at
least 90 percent. A minimal response was defined
by a reduction of M protein in serum of 25 to 49
percent and a reduction in urine of 50 to 89 percent.
Progressive disease was defined by any of the fol-
lowing: an increase of M protein in serum or urine
of more than 25 percent, an increase in bone mar-
row plasma cells of more than 25 percent, new or
increased bone lesions or plasmacytomas, or new
hypercalcemia. Complete, partial, and minimal re-
sponses were confirmed by repeated measurements
of M protein in serum and urine after six weeks,
and progressive disease was confirmed by repeated
measurements of M protein in serum and urine
after one to three weeks. Near-complete response,
a subcategory of partial response, was defined as a
complete response with a positive immunofixation
test (lower limit of detection, 0.15 to 0.25 mg per
milliliter).*3 Efficacy data were based on analysis of
blood and urine samples by a central laboratory,
unless progression of myeloma occurred as an iso-
lated bone lesion, growth of a plasmacytoma, or an
increase in plasma cells in the bone marrow with-
outa change in M protein.

Patients were evaluated every 3 weeks during the
first 39 weeks. Follow-up was then performed every
six weeks until disease progression, after which
follow-up for skeletal events and survival was per-
formed every three months. Patients with a com-
plete response continued to receive treatment for
two cycles after the confirmation of the response.
Patients who discontinued treatment before disease
progression were followed every 3 weeks for 39
weeks or until disease progression.

Safety was assessed throughout the study for all
patients who received at least one dose of the as-
signed study drug until 30 days after the last dose
and was graded according to the National Cancer
Institute Common Toxicity Criteria (version 2). The

onset and intensity of peripheral neuropathy and
other neurotoxic effects were assessed with the neu-
rotoxicity subscale of the Gynecologic Oncology
Group’s Functional Assessment of Cancer Thera-
py.2®17 A serious adverse event was defined as any
event that resulted in death, was life-threatening, re-
quired hospitalization, resulted in persistent or sub-
stantial disability, or had important medical conse-
quences.

STATISTICAL ANALYSIS

The time to disease progression in the treatment
groups was compared with the use of the stratified
log-rank test; the Kaplan—Meier method was used
to estimate the distribution of the time to progres-
sion in each group. The stratified Cox proportional-
hazards model was used to estimate the hazard ra-
tio and 95 percent confidence intervals. Analyses of
overall and one-year survival, the time to a first
skeletal event, and the time to a grade 3 or higher
infection were performed with the use of this
method. Response rates were compared with the
Cochran—-Mantel-Haenszel chi-square test, with ad-
justment for stratification factors. The incidence of
grade 3 or higher infection was compared with the
use of Fisher’s exact test. Analyses of subgroups
prospectively defined according to the number of
previous treatments were performed with the use
of the same methods. Treatment differences for all
end points were tested ata two-sided « level 0f 0.05.
The sample size of 310 patients per treatment group
provided 80 percent power to detect a 30 percent
difference in the time to disease progression be-
tween the two groups.

An interim analysis of the time to progression on
the basis of the method of O’Brien and Fleming
was planned when at least 50 percent of required
disease-progression events (in 231 patients) had oc-
curred.*® A statistically significant difference was to
be declared at the interim analysis if the stratified
log-rank P value for the time to progression was
0.005 or less or, failing this, if at the final analysis
the Pvalue was 0.048 or less. At the interim analysis,
patients taking bortezomib had a significant pro-
longation of the median time to disease progression
(P<0.001) and a significantly improved overall sur-
vival (P=0.04), as compared with patients receiving
dexamethasone. As a result of the interim analysis
and the recommendation of the data-monitoring
committee, all patients in the dexamethasone group
were offered bortezomib. Data for the final analyses
of the time to disease progression and the response
were censored before December 15, 2003. Safety
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analyses, including survival, were censored before
January 14, 2004. In analyses of the time to pro-
gression, duration of the response, and time to the
response, data for patients who started alternative
chemotherapy (including crossover to bortezomib),
who were lost to follow-up, or who died before doc-
umentation of progressive disease were censored
at the last assessment. In analyses of survival, data
for patients were censored before January 14, on the
date they were last known to be alive, regardless of
disease progression or alternative therapy. Analyses
were performed with SAS statistical software (ver-
sion 8.2, SAS Institute).

RESULTS

PATIENTS AND TREATMENT

A total of 669 patients with relapsed multiple my-
eloma were randomly assigned to receive bortezo-
mib (333) or high-dose dexamethasone (336). At
the time of the final analysis, 85 patients in the bor-
tezomib group and 55 patients in the dexametha-
sone group were still receiving a study drug. Base-

line demographic and other characteristics of the
two groups were balanced (Table 1).

The treatment groups were similar in the num-
ber and type of prior therapies (Table 1); 38 percent
of patients had received only one prior treatment,
and in 95 percent of these patients, the initial treat-
ment included an alkylating agent or an anthracy-
cline. Sixty-seven percent of patients had received
a hematopoietic stem-cell transplant or other high-
dose therapy. On retrospective review, 14 patients
in the bortezomib group (4 percent) and 23 in the
dexamethasone group (7 percent) were found to
have received more than three prior therapies. In
accordance with the statistical analysis plan, these
patients were included in the intention-to-treat
population.

EFFICACY

The median time to disease progression was 6.22
months (189 days) in the bortezomib group and
3.49 months (106 days) in the dexamethasone group
(hazard ratio for the bortezomib group, 0.55; P<
0.001) (Fig. 1A).

Table 1. Baseline Characteristics of Patients with Multiple Myeloma, According to Treatment Group.

Characteristic
Age —yr

Median

10th and 90th percentiles
Male sex — no. (%)
Type of myeloma

No. of patients

1gG/1gA/IgD/IgM — %

Light chain — %

Nonsecretory — %

Unspecified — %
Interval since diagnosis

No. of patients

Median —yr

10th and 90th percentiles — yr
Karnofsky performance scale =70% —no. /total no. (%)
Serum B,-microglobulin

No. of patients

Median — mg/liter

10th and 90th percentiles — mg/liter
C-reactive protein

No. of patients

Median — mg/liter

10th and 90th percentiles — mg/liter

Bortezomib (N=333) Dexamethasone (N=336)

62 61
48,74 47,73
188 (56) 200 (60)
333 336
60/23/2/<1 59/24/1/0
12 13
1 1
<1 0
331 332
35 3.1
1.3,7.8 1.4,7.2

304/322 (94)

312/325 (96)

324 328
3.7 3.6
20,88 2.1,10.1
301 299
4.0 4.0
4.0,23.1 4.0,20.1
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A total of 627 patients (315 in the bortezomib
group and 312 in the dexamethasone group) were
judged to be suitable for evaluation if they had re-
ceived at least one dose of a study drug and had
measurable disease at baseline. The response rate
(including both complete response and partial re-
sponse) was 38 percent in the bortezomib group
and 18 percent in the dexamethasone group (P<
0.001) (Table 2). Complete response (including a
negative immunofixation test) was achieved in 20
patients who received bortezomib (6 percent), as
compared with 2 patients who received dexametha-
sone (<1 percent, P<0.001), with either a complete
response or a near-complete response in 41 patients
who received bortezomib (13 percent), as compared
with 5 patients who received dexamethasone (2 per-
cent, P<0.001). The median time to a response was
43 days for patients in both groups. The median du-
ration of the response was 8 months in the bortezo-
mib group and 5.6 months in the dexamethasone
group.

At one year of follow-up, patients who received
bortezomib had a higher rate of overall survival (80

percent) than those who received dexamethasone
(66 percent, P=0.003). This is a 41 percent de-
crease in the risk of death in the bortezomib group
during the first year after enrollment (hazard ratio
for the bortezomib group, 0.57; P=0.001) (Fig. 1B
and 1C). The analysis of overall survival includes
data from 147 patients in the dexamethasone group
who had disease progression and subsequently
crossed over to receive bortezomib in a companion
study (44 percent).

The time to a first skeletal event and the rate of
grade 3 or higher infections did not differ signifi-
cantly between the two treatment groups. The me-
dian time to a first skeletal event could not be esti-
mated in either group, and the hazard ratios were
notsignificantly different (P=0.32). The proportion
of patients with grade 3 or higher infections was 13
percent in the bortezomib group and 16 percentin
the dexamethasone group (P=0.19).

SUBGROUP ANALYSIS
The median time to disease progression among
patients who had received one previous therapy

Table 1. (Continued.)

Characteristic

Hemoglobin

No. of patients

Median — g/liter

10th and 90th percentiles — g/liter
Platelet count

No. of patients

Median — cells/mm3

10th and 90th percentiles — mm3
Creatinine clearance < 20 ml/min — no./total no. (%)
No. of previous therapies

Median — no.

1—no. (%)

2 or3—no. (%)

=4 —no. (%)
Type of previous therapy — no./total no. (%)

Corticosteroids

Alkylating agents

Anthracyclines

Thalidomide

Vinca alkaloids

Stem-cell transplantation or other high-dose
therapy

Experimental or other therapy

Bortezomib (N=333) Dexamethasone (N=336)

331 335

108 109

86, 132 86, 129
330 335
193,000 188,000

88,000; 316,000 94,000; 279,000
8/330 (2) 5/323 (2)
2.0 2.0

132 (40) 119 (35)

186 (56) 194 (58)

14 (4) 23 (7)
325/332 (98) 332/336 (99)
302/332 (91) 310/336 (92)
256/332 (77) 257/336 (76)
160/332 (48) 168/336 (50)
248/332 (75) 242/336 (72)
222/332 (67) 229/336 (68)

11/332 (3) 8/336 (2)
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Figure 1. Kaplan—Meier Plots of the Time to Disease Progression and Survival in the Bortezomib and Dexamethasone Groups.
Panel A shows the time to disease progression in the intention-to-treat populations (a total of 669 patients) for bortezomib and dexamethasone.
Panel B shows the overall survival in both groups in the intention-to-treat population. The survival curves cross at approximately 500 days
because of the death of one patient in the bortezomib group at 504 days. At that time, the curve had accounted for 330 of the 333 patients
(with 50 deaths and data for 280 patients censored), with only 1 death and two censored data points after the curves cross. Panel C shows the
survival data censored at one year in both groups of the intention-to-treat population, indicating that at 360 days the probability of survival
was 80 percent in the bortezomib group and 66 percent in the dexamethasone group. Data were generated as comparisons of survival prob-
abilities on the basis of normal approximations. Panel D shows the time to disease progression for patients in both groups of the intention-
to-treat population who had received only one previous line of therapy (a total of 251 patients). Panel E shows the overall survival for the sub-
group of 251 patients who had received only one previous line of therapy. P values for all analyses are from stratified log-rank tests. A listing
of the total number of patients for whom data were censored in all five analyses is available in the Supplementary Appendix, available with the
full text of this article at www.nejm.org.
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was 7.0 months in the bortezomib group and 5.6
months in the dexamethasone group (hazard ratio
for the bortezomib group, 0.56; P=0.002) (Fig. 1D).
With more than one previous treatment, the medi-
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an times were 4.9 and 2.9 months, respectively
(hazard ratio for the botezomib group, 0.55;
P<0.001). Patients who received bortezomib as
second-line therapy also had a higher response rate
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than did those who received dexamethasone (45
percentvs. 26 percent, P=0.004), as did those who
had received two or more previous treatments (34
percent vs. 13 percent, P<0.001). The median du-
ration of a response for patients receiving bortezo-
mib or dexamethasone as second-line treatment
was 8.1 and 6.2 months, respectively, and for pa-
tients who had received more than one previous
treatment, 7.8 and 4.1 months, respectively. Over-
all survival was significantly longer among patients
who received bortezomib, both for those who had
received one previous treatment (hazard ratio, 0.42;
P=0.01) (Fig. 1E) and for those who had received
more than one previous treatment (hazard ratio,
0.63; P=0.02).

SENSITIVITY ANALYSIS

To determine whether inadvertent inclusion of pa-
tients who had disease that was refractory to high-
dose dexamethasone might have biased the results,
a post hoc review of all previous therapy was per-
formed, and patients who may have had disease
that was refractory to high-dose dexamethasone
(i.e., more than 500 mg within a 10-week period)
were sought. As specified in the protocol, refractori-
ness to dexamethasone was defined as a lack of
complete or partial response to a regimen contain-
ing high-dose dexamethasone or disease progres-
sion within six months after the last dose. Of 269
patients who had received high-dose dexametha-
sone as part of their previous therapy, 60 had dis-
ease that was potentially refractory to dexametha-
sone (32 patients who were randomly assigned to
receive bortezomib and 28 who were randomly
assigned to receive dexamethasone). Patients were
considered to have refractory disease in this analy-
sis if they met the criteria for such disease (53 pa-
tients) or if missing data made it impossible to con-
clude that they had refractory disease (7 patients).
After the exclusion of these patients from sensitiv-
ity analyses regarding the time to progression, over-
all survival, and response rate, bortezomib re-
mained significantly superior to dexamethasone for
all end points. The median time to progression was
6.22 months (189 days) in the bortezomib group
and 3.49 months (106 days) in the dexamethasone
group (P<0.001), the hazard ratio for overall sur-
vival was 0.55 with bortezomib (P=0.002), and the
response rate (including both complete response
and partial response) was 39 percent in the bortez-
omib group and 18 percent in the dexamethasone
group (P<0.001).

Table 2. Best Confirmed Response to Treatment.*

Bortezomib Dexamethasone

Best Confirmed Response (N=315) (N=312)
no. of patients (%)
Complete or partial response 121 (38) 56 (18)
Complete response, immuno- 20 (6) 2 (1)
fixation-negative
Partial response 101 (32) 54 (17)
Nearly complete response, 21 (7) 3(1)
immunofixation-positives
Minor response 25 (8) 52 (17)
No change 137 (43) 149 (48)
Progressive disease 22 (7) 41 (13)
Could not be evaluated 10 (3) 14 (4)

-]
Valuey}

<0.001
<0.001

<0.001
<0.001

ND
ND
ND
ND

* All patients who received at least one dose of a study drug and who had mea-
surable disease at baseline were evaluated for a response. Of the 669 patients
enrolled, only 627 could be evaluated, since 6 did not receive a study drug and
36 did not have measurable disease (as defined by a serum M protein level
that could be measured quantitatively, a urinary M protein level that could be

measured quantitatively, or a measurable soft-tissue plasmacytoma).
r P values were calculated with the Cochran-Mantel-Haenszel chi-square test,

with adjustment for stratified randomization. ND denotes not determined.

mained positive.

I All criteria for a complete response were met except that immunofixation re-

DRUG EXPOSURE, PATIENT DISPOSITION,

AND SAFETY

A total of 663 patients received at least one dose of
study drug and are included in the safety popula-
tion (331 patients in the bortezomib group and 332
patients in the dexamethasone group). The dura-
tion of treatment was similar in the two groups;
56 percent of patients completed five three-week
cycles of bortezomib, and the same proportion com-
pleted three five-week cycles of dexamethasone;
29 percent of patients in the bortezomib group com-
pleted eight twice-weekly cycles of bortezomib,
and 36 percent of patients in the dexamethasone
group completed four cycles of high-dose dexa-
methasone. Nine percent and 5 percent of patients
completed all planned therapy in the bortezomib
and dexamethasone groups, respectively.

A total of 121 patients in the bortezomib group
(37 percent) had adverse events necessitating early
discontinuation of treatment. These events included
peripheral neuropathy (8 percent) and thrombocy-
topenia, various gastrointestinal disorders, fatigue,
hypercalcemia, and spinal cord compression (2 per-
cent each). Of the patients who discontinued treat-
ment early because of hypercalcemia (seven pa-
tients), all had progressive disease. Of the patients
who discontinued treatment because of spinal cord
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compression (seven patients), five had progressive
disease, one had unconfirmed progressive disease,
and one did not have progressive disease. The in-
vestigator identified the adverse event as the pri-
mary reason for discontinuation in all but one of
these cases. In the dexamethasone group, 96 pa-
tients discontinued treatment early because of ad-
verse events (29 percent), which included psychot-
ic disorder, hyperglycemia, or thrombocytopenia
(2 percent each). Disease progression led to early
discontinuation in 98 patients receiving bortezo-
mib (29 percent) and in 174 receiving dexametha-
sone (52 percent, P<0.001). There were eight deaths
considered possibly related to a study drug: four in
the bortezomib group (three from cardiac causes
and one from respiratory failure) and four in the
dexamethasone group (three from sepsis and one
sudden death of unknown cause).

Certain adverse events (including gastrointesti-
nal events, thrombocytopenia, and peripheral neu-
ropathy) were more prominent in the bortezomib
group (Table 3). Grade 3 adverse events were re-
ported in 61 percent of patients receiving bortezo-
mib and in 44 percent of patients receiving dexa-
methasone (P<0.01). The most common grade 3 or
4 adverse events (reported in more than 10 percent
of patients in either group) were thrombocytope-
nia, anemia, and neutropenia in patients receiving
bortezomib and anemia in patients receiving dexa-
methasone. The bortezomib group and the dexa-
methasone group had similar rates of grade 4 events
(14 percent and 16 percent, respectively) and seri-
ous adverse events (44 percent and 43 percent, re-
spectively), as defined by the National Cancer Insti-
tute Common Toxicity Criteria (version 2). Deaths
within 30 days of the last dose of the study drug
were reported for 14 patients receiving bortezomib
(4 percent; 1 percent drug-related) and 25 patients
receiving dexamethasone (8 percent; 1 percent
drug-related), with disease progression the most
commonly reported cause of death (2 percent in
each group).

Improvement or resolution of grade 2 or higher
peripheral neuropathy was reported in 44 of 87 pa-
tients in whom peripheral neuropathy developed
during treatment with bortezomib (51 percent),
with a median time to resolution of 107 days (ap-
proximately 3.5 months) from the onset of the ad-
verse event. Of those 44 patients, 40 had resolution
(areturn to baseline), and 4 had improvement with-
out complete resolution at the last assessment.

Among the bortezomib-treated patients with

thrombocytopenia, the platelet count returned to-
ward the baseline value between treatment cycles
(Fig. 2). Thrombocytopenia of grade 3 (platelet
count, <50,000 per cubic millimeter) or grade 4
(platelet count, <10,000 per cubic millimeter) was
more common in patients receiving bortezomib
(grade 3, 26 percent; grade 4, 4 percent) than it was
in patients receiving dexamethasone (grade 3, 5 per-
cent; grade 4, 1 percent). However, the percent-
age of clinically significant bleeding episodes, more
commonly associated with grade 3 thrombocyto-
penia in both treatment groups, was similar and in-
cluded 13 patients receiving bortezomib (4 percent)
and 15 patients receiving dexamethasone (5 per-
cent). Two deaths were associated with bleeding in
the dexamethasone group (subdural hematoma in
one case and gastrointestinal hemorrhage in the
other); there were no bleeding-associated deaths in
the bortezomib group.

The incidence of cardiac disorders during treat-
ment with bortezomib and dexamethasone was 15
percent and 13 percent, respectively. No particular
cardiac disorder occurred at an incidence of more
than 10 percent in either group; seven patients re-
ceiving bortezomib (2 percent) and eight receiving
dexamethasone (2 percent) had congestive cardiac
failure during the study. However, it was noteworthy
that the incidence of herpes zoster infection was
higher in patients receiving bortezomib (13 percent)
than it was in patients receiving dexamethasone
(5 percent, P<0.001).

DISCUSSION

In this study of patients with multiple myeloma
who had a relapse after having received one to three
previous therapies, the overall rate of response
(complete response plus partial response) to bor-
tezomib was 38 percent, as defined by the stringent
criteria of the European Blood and Marrow Trans-
plant Group, with a complete response rate of 6 per-
centand a near-complete response rate of 7 percent.
This result compares favorably with the less rigor-
ously defined response rates (i.e., a greater than 50
percent reduction in M protein) of 17 to 47 percent
reported with thalidomide®®3° and 25 to 50 percent
with VAD.31-34

High-dose dexamethasone was considered by
the investigators and the regulatory agencies to be
the best drug for comparison. There is no generally
accepted standard therapy for patients with re-
lapsed myeloma, and the choice of treatment de-
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Table 3. Adverse Events during Treatment Reported by 15 Percent or More of Patients Receiving Bortezomib
or Dexamethasone, Including Grade 3 and Grade 4 Events.
Event Bortezomib (N=331) Dexamethasone (N=332)

All Adverse Grade 3 Grade 4 All Adverse Grade 3 Grade 4

Events Events Events* Events Events Eventsy
number (percent)

=1 Event 331 (100) 203 (61) 45 (14) 327 (98)% 146 (44) 52 (16)
Diarrhea 190 (57) 24 (7) 0 69 (21)% 6 (2)7 0
Nausea 190 (57) 8(2) 0 46 (14)i 0% 0
Fatigue 140 (42) 17 (5) 1(<1) 106 (32)F 12 (4) 0
Constipation 140 (42) 7(2) 0 49 (15)% 4(1) 0
Peripheral neuropathy 120 (36) 24 (7) 2(1) 29 (9)x% 1(<l)x 1(<1)
Vomiting 117 (35) 11 (3) 0 20 (6)% 4(1) 0
Pyrexia 116 (35) 6(2) 0 54 (16)7 4(1) 1 (<)
Thrombocytopenia 115 (35) 85 (26) 12 (4) 36 (11)3 18 (5)i 4 (1§
Anemia 7 (26) 31 (9) 2(1) 74 (22) 32 (10) 3(1)
Headache (26) 3(1) 0 43 (13)% 2(1) 0
Anorexia 75 (23) 9 (3) 0 14 (4)% 1(<1)f 0
Cough 70 (21) 2(1) 0 35 (11)% 1(<1) 0
Paresthesia 68 (21) 5(2) 0 27 (8)% 0f 0
Dyspnea 65 (20) 16 (5) 1(<1) 58 (17) 9(3) 2(1)
Neutropenia 62 (19) 40 (12) 8 (2) 5(2)x 4 (1) 0
Rash 61 (18) 4(1) 0 20 (6)7: 0 0
Insomnia 60 (18) 1(<1) 0 90 (27)% 5(2) 0
Abdominal pain 3 (16) 6 (2) 0 12 (4)% 1(<1) 0
Bone pain 2 (16) 12 (4) 0 50 (15) 9(3) 0
Pain in limb 0 (15) 5(2) 0 24 (7)1 2 (1) 0
Muscle cramps 41 (12) 0 0 50 (15) 3(1) 0

* More than one patient in the bortezomib group had additional grade 4 adverse events, including hypercalcemia, hypo-
natremia, sepsis, disease progression, renal failure, and gastrointestinal hemorrhage.

i More than one patient in the dexamethasone group had additional grade 4 adverse events, including hyperglycemia,

sepsis, septic shock, dyspnea, respiratory failure, renal failure, cerebrovascular accident, pulmonary embolism, psychot-

ic disorder, and death.

1 P<0.01. Proportions were compared with the use of Fisher's exact test.
§ P<0.05. Proportions were compared with the use of Fisher’s exact test.

pends on prior therapies, age, performance status,
bone marrow reserve, and coexisting illnesses.
High-dose dexamethasone is widely used in North
America and Europe for relapsed myeloma and has
been the drug used for comparison in several large
studies of newly diagnosed myeloma.>7-3%,3¢

To reduce the potential biases with an open-
label design, all assessments of M protein and cal-
cium levels were confirmed at a central laboratory.
The duration of treatment was similar in the two
groups, and the interval between disease assess-
ments was short (three weeks in both groups).
Moreover, patients with disease that was refractory

to high-dose dexamethasone were excluded, be-
cause they would have been expected to have either
no response to dexamethasone or a response of
short duration.

Randomization was stratified for three prog-
nostic factors, and the treatment groups were well
balanced with respect to demographic characteris-
tics and the number and types of previous thera-
pies. As initial treatment, 95 percent of patients who
entered the trial at first relapse had received anthra-
cycline-based therapy (e.g., VAD), alkylating-agent
combinations (e.g., melphalan and prednisone),
or both. In addition, 67 percent had received a
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Figure 2. Mean Platelet Count among 331 Patients during Eight Three-Week Cycles of Treatment with Bortezomib.

The platelet counts decreased during the treatment phase of each cycle of treatment with bortezomib and approached the baseline value
during the rest period of each cycle.
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hematopoietic stem-cell transplant or other high-
dose therapy, and 98 percent had received some
form of corticosteroids as part of their previous
regimens (e.g., melphalan and prednisone or VAD),
although patients with disease that was refractory
to previous high-dose dexamethasone were ex-
cluded.

There was a survival advantage for patients re-
ceiving bortezomib, despite the fact that 44 percent
of patients in the dexamethasone group had crossed
over to receive bortezomib after disease progres-
sion. As a result of early closure of the dexametha-
sone group, the median follow-up of surviving pa-
tients in both groups was limited to 8.3 months.

A clinical benefit from bortezomib was demon-
strated for patients who had received only one or
more than one previous treatment. Time to pro-
gression and survival were significantly improved
in the bortezomib group as compared with the dex-
amethasone group, and the overall response rate
was significantly higher for bortezomib. As expect-
ed from the recently reported experience at the
Mayo Clinic,” response rates were higher in both
groups among patients who had received only one
prior treatment.

Inadvertent inclusion of patients with disease

N ENGL J MED 352;24 WWW.NEJM.ORG

that was refractory to high-dose dexamethasone
was a potential source of bias in this study. There-
fore, we conducted sensitivity analyses of the time
to progression, response rate, and survival in which
patients who may have had disease that was refrac-
tory to previous high-dose dexamethasone were
removed on the basis of a post hoc review of all prior
therapy. Removal of these patients from the analyses
had no significant effect on the results.

The rates of grade 4 adverse events, serious ad-
verse events, and discontinuation of treatment be-
cause of adverse events were similar in the two
groups; however, the overall rate of grade 3 events
was significantly higher in the bortezomib group.
The major side effects of bortezomib were consis-
tent in type and frequency with those described
previously.*>38 The incidence of herpes zoster in-
fection was higher in the bortezomib group, but
the infection was manageable with appropriate
antiviral therapy. As previously observed, thrombo-
cytopenia was cyclical.*3:3839 Despite the higher in-
cidence of thrombocytopenia in patients receiving
bortezomib, the incidence of clinically significant
bleeding was similar in the two groups. The rates
of discontinuation because of neuropathy were
similar to those among heavily pretreated patients
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with more advanced disease, with resolution and
improvement that were consistent with the find-
ings in other studies.*°

In conclusion, this study demonstrates that bor-
tezomib is superior to high-dose dexamethasone
for the treatment of relapsed multiple myeloma in
patients who have received one to three previous
therapies other than bortezomib. The benefits of
bortezomib included a longer time to progression,
a higher complete response rate, and longer overall
survival, both in the total population and in the sub-
group receiving bortezomib as second-line therapy.
The results of this study support investigation of
bortezomib in the initial treatment of multiple my-

eloma.
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