
Subcutaneous versus intravenous bortezomib in
patients with relapsed multiple myeloma: 
subanalysis of patients with renal impairment in the
phase III MMY-3021 study

Renal impairment is a common presenting feature in
multiple myeloma (MM) and an estimated 50% of
patients are affected during the course of their disease.1

Moderate and/or severe renal impairment/failure is asso-
ciated with poorer survival.2-4 Subanalyses of phase III
studies in patients with previously untreated or
relapsed/refractory MM, along with other studies and
analyses, have demonstrated that bortezomib-based
treatment is active and well tolerated in patients with
renal impairment, and also appears to partly or fully over-
come the poor prognosis associated with renal impair-
ment.5-11 In addition, bortezomib has been shown to
result in renal impairment reversal in a proportion of
patients.6,8-12 These previous bortezomib studies all used
the intravenous (IV) route of administration.
Bortezomib is approved for both subcutaneous (SC)
and IV administration. Approval of SC administration
was based on the phase III MMY-3021 study in 222
patients with relapsed MM, which demonstrated non-
inferiority of SC versus IV bortezomib in terms of
response rates after four cycles, similar efficacy, and an

improved systemic safety profile.13,14 To confirm these
findings in the setting of renal impairment, we conducted
a post hoc subanalysis to compare activity, response kinet-
ics, long-term outcomes, and safety with SC versus IV
bortezomib in patients with moderate-to-severe (CrCl
20-50 mL/min) or mild/no renal impairment (base-line
CrCl >50 mL/min).
The design of MMY-3021 has been reported previous-
ly.13,14 Patients were randomized 2:1 to receive up to eight
21-day cycles of SC or IV bortezomib 1.3 mg/m2 on days
1, 4, 8, and 21. Two additional cycles were permitted for
patients with evolving response. Dexamethasone 20 mg
on days 1, 2, 4, 5, 8, 9, 11, and 12 could be added from
cycle 5 onwards. All patients required adequate hemato-
logic, hepatic, and renal function (base-line CrCl ≥20
mL/min). Institutional review boards or independent
ethics committees at all participating institutions
approved the study, which was conducted in accordance
with the provisions of the Declaration of Helsinki, the
International Conference on Harmonization, and the
Guidelines for Good Clinical Practice. All patients provid-
ed written informed consent. This study is registered at
clinicaltrials.gov identifier: 00722566 and EudraCT (2008-
000952-28).
Base-line demographics and disease characteristics of
patients in each arm according to renal subgroup are
summarized in Table 1. Among patients with CrCl more
than 50 mL/min, median number of cycles was eight
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Table 1. Base-line demographics and disease characteristics of patients receiving SC and IV bortezomib according to renal subgroup (CrCl
20-50 or >50 mL/min).

SC bortezomib IV bortezomib
CrCl, mL/min 20-50 >50 20-50 >50 

(n=33) (n=115) (n=13) (n=61)

Median age, years (range) 71 (51–88) 62 (42–84) 78 (55–86) 63 (38–85)
Age ≥65 years, n (%) 25 (76) 49 (43) 12 (92) 25 (41)

Male, n (%) 14 (42) 60 (52) 6 (46) 41 (67)
White, n (%) 32 (97) 111 (97) 13 (100) 58 (95)
KPS <90, n (%) 21 (64) 68 (69) 9 (69) 27 (44)
MM type, n (%)

IgG 20 (61) 76 (66) 8 (62) 45 (74)
IgA 10 (30) 28 (24) 3 (23) 11 (18)
IgD 0 1 (1) 0 0
IgM 0 1 (1) 0 1 (2)
Light chain 3 (9) 9 (8) 2 (15) 4 (7)

ISS stage, n (%)*
I 2 (6) 38 (33) 0 20 (33)
II 14 (42) 46 (40) 3 (23) 27 (44)
III 17 (52) 31 (27) 10 (77) 14 (23)

Prior lines of therapy, n (%)†

1 24 (73) 68 (59) 8 (62) 40 (66)
>1 9 (27) 47 (41) 5 (38) 21 (34)

Prior IMiD therapy, n (%) 16 (48) 46 (40) 9 (69) 30 (49)
Prior HDT-SCT, n (%) 2 (6) 29 (25) 2 (15) 18 (30)
Lytic bone lesions, n (%)‡

0 6 (18) 19 (17) 1 (8) 15 (25)
1–3 5 (15) 19 (17) 2 (15) 10 (16)
4–10 8 (24) 22 (19) 2 (15) 9 (15)
>10 14 (42) 55 (48) 8 (62) 26 (43)

High-risk cytogenetics, n/N (%) 5/31 (16) 14/106 (13) 2/13 (15) 11/56 (20)
SC: subcutaneous; IV: intravenous; n: number; KPS: Karnosfsky Performance Score; ISS: International Staging System; IMID: immunomodulatory drugs; HDT-SCT: high-dose 
therapy-stem cell transplantation. *Derived from base-line central laboratory data. †Based on investigator assessment. ‡Data missing for 1 patient in the IV arm with CrCl >50
mL/min.



(range 1-10) in both arms; 65 (57%) and 37 (61%) of
patients in the SC and IV subgroups, respectively,
received added dexamethasone. However, among
patients with CrCl 20-50 mL/min, those in the SC arm
received a substantially longer median duration of treat-
ment than those in the IV arm. Median number of cycles
of bortezomib received was eight (range 1-10) in the SC
arm and three (range 1-9) in the IV arm; 17 (52%) and 2
(15%) patients, respectively, received added dexametha-
sone. Among patients with CrCl 20-50 mL/min, in the
SC subgroup, 16 of 33 patients (48%) discontinued treat-
ment early, prior to receiving eight treatment cycles (4, 1,
2, 3, 4, 1, and 1 patient(s) received 1, 2, 3, 4, 5, 6, and 7
cycles, respectively); discontinuations were due to
adverse events (AEs) in 8 patients [24%; 4 peripheral neu-
ropathy (PN)/neuropathic pain, 2 pneumonia, 2 renal
impairment/failure], progressive disease in 5 patients
(15%), death in 2 patients (6%; pneumonia, sudden
death), and patient choice in one patient (3%). In the IV
subgroup, 9 of 13 patients (69%) discontinued early (2, 2,
3, 1, and 1 patient(s) received 1, 2, 3, 4, and 5 cycles,
respectively); discontinuations were due to AEs in 2
patients (15%; diarrhea, viral conjunctivitis), progressive
disease in 4 patients (31%), death in 2 patients (15%;
coronary artery disease, myocardial infarction), and
patient choice in one patient (8%).
Due to the confounding factors of the substantially

shorter duration of treatment, and the very small number
of patients (n = 13) in the IV bortezomib subgroup with
CrCl 20-50 mL/min, no comparisons of efficacy and safe-
ty can be made between SC and IV bortezomib in these
patients. The shorter treatment exposure may have been
associated with limited efficacy but also a substantially
reduced safety profile, and the small number also pre-
vents meaningful statistical comparison.
Response rates (across all treatment with bortezomib ±
dexamethasone) and outcomes across renal subgroups
are summarized in Table 2. Response rates were general-
ly similar between SC and IV bortezomib in patients with
CrCl more than 50 mL/min; the relative risk of response
was 0.92 (95%CI: 0.69, 1.22; unstratified Mantel-
Haenszel estimate). Overall response rate also appeared
to be similar with SC bortezomib in patients with CrCl
20-50 mL/min and CrCl more than 50 mL/min (53% and
52%, respectively). Of importance in the patient popula-
tion with CrCl 20-50 mL/min, time to response was rapid
via both routes of bortezomib administration; a finding
also seen in the subgroups of patients with CrCl more
than 50 mL/min (Table 2). In addition, among patients
with base-line CrCl 20-50 mL/min, clinical benefit in
terms of renal impairment reversal (to CrCl >60 mL/min)
was reported in 10 (30%) SC bortezomib patients and 2
(15%) IV bortezomib patients.
Overall median follow up was 17.3 months in the SC
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Table 2. Best confirmed response rates and time-to-event outcomes with SC and IV bortezomib (± dexamethasone) according to renal sub-
group (CrCl 20-50 or >50 mL/min), in response-evaluable patients (those with measurable, secretory multiple myeloma who received ≥1
dose of bortezomib; response rates and time to response) or the intent-to-treat population (other outcomes).

CrCl 20-50 mL/min CrCl >50 mL/min
SC bortezomib IV bortezomib SC bortezomib IV bortezomib

Response rates, n (%)*† n=32 n=13 n=113 n=60 Rate difference (95% CI)

ORR after 4 cycles of single-agent 15 (47) 4 (31) 46 (41) 27 (45) -4.3 (-19.8, 11.2)
bortezomib (primary end point)
Best responses across all treatment
ORR (CR+PR) 17 (53) 4 (31) 59 (52) 34 (57) -4.5 (-20.0, 11.1)

CR 2 (6) 0 17 (15) 9 (15) 0 (-11.1, 11.2)
PR 15 (47) 4 (31) 42 (37) 25 (42) -4.5 (-19.8, 10.8)
nCR 5 (16) 1 (8) 9 (8) 6 (10) -2.0 (-11.1, 7.0)
VGPR 2 (6) 1 (8) 4 (4) 1 (2) 1.9 (-2.8, 6.6)
CR+nCR 7 (22) 1 (8) 26 (23) 15 (25) ND
≥VGPR 9 (28) 2 (15) 30 (27) 16 (27) ND

MR 4 (13) 2 (15) 10 (9) 9 (15) -6.2 (-16.6, 4.3)
ORR+MR 21 (66) 6 (46) 69 (61) 43 (72) -10.6 (-25.1, 3.9)
No change 6 (19) 4 (31) 34 (30) 13 (22) ND
PD 2 (6) 1 (8) 7 (6) 4 (7) ND
Not evaluable 3 (9) 2 (15) 3 (3) 0 ND
Outcome in months, median (95% CI)‡ n=32 n=13 n=113 n=60 HR (95% CI)¶

Time to first response† 2.3 (1.4, NE) 3.3 (1.4, NE) 3.5 (2.1, 4.2) 3.5 (1.7, 5.3) 1.021 (0.669, 1.558)
Time to best response† 2.9 (1.4, 6.3) 3.3 (1.4, NE) 4.2 (3.5, 5.3) 4.2 (2.8, 5.3) 0.992 (0.650, 1.514)

n=33 n=13 n=115 n=61
TTP# 10.5 (7.7, 17.6) 7.6 (1.5, 13.1) 9.7 (8.1, 11.2) 9.8 (8.0, 11.5) 0.952 (0.640, 1.417)
PFS# 8.6 (6.8, 14.0) 6.3 (1.4, 7.6) 9.5 (8.0, 10.8) 9.6 (6.9, 10.6) 0.949 (0.658, 1.367)
OS# NE (13.6, NE) 8.7 (7.1, NE) 28.7 (23.1, NE) NE (NE, NE) 1.324 (0.708, 2.475)
1-year OS, % (95% CI) 69.7 (51.0, 82.4) 46.2 (19.2, 69.6) 78.3 (69.4, 84.9) 85.0 (73.2, 91.9) NA

CI: confidence interval; CR: complete response; CrCl: creatinine clearance; HR: hazard ratio; IV: intravenous; MR: minimal response; NA: not applicable; nCR: near-complete
response; ND: not determined; NE: not estimable; ORR: overall response rate; OS: overall survival; PD: progressive disease; PFS: progression-free survival; PR: partial response;
SC: subcutaneous; VGPR: very good partial response; TTP: time to progression. *Responses assessed per the European Group for Blood and Marrow Transplantation (EBMT)
criteria, incorporating the additional response categories of nCR and VGPR. †Analyzed in the response-evaluable population. ‡Analyzed using the Kaplan-Meier method.
#Analyzed in the intent-to-treat population. ¶HRs and 95% CIs estimated based on an unstratified Cox model.



arm and 17.8 months in IV arm. In the subgroups of
patients with CrCl more than 50 mL/min, long-term out-
comes including time to progression (TTP), progression-
free survival (PFS), and overall survival (OS) were gener-
ally similar between SC and IV bortezomib (Table 2).
Median TTP (10.5 and 9.7 months) and median PFS (8.6
and 9.5 months) also appeared to be similar between
patients with CrCl 20-50 mL/min and CrCl more than 50
mL/min who received SC bortezomib. However, OS with
SC bortezomib appeared somewhat shorter in patients
with CrCl 20-50 mL/min compared with patients with
CrCl  more than 50 mL/min (1-year OS: 69.7% and
78.3%, respectively). These data suggest that SC borte-
zomib may possibly partly overcome the negative prog-
nostic impact of renal impairment, while the apparent
trend to shorter OS may be influenced by the use of sub-
sequent therapies that do not sustain the effect of SC
bortezomib in renally impaired patients.
Safety profiles according to renal subgroup are summa-
rized in Table 3. The safety profiles of SC and IV borte-
zomib (± dexamethasone) in patients with CrCl more
than 50 mL/min reflected the previously reported find-
ings for the overall study population,13,14 with the same
relative differences between arms. Findings showed an
improved systemic safety profile with SC versus IV borte-
zomib in patients with CrCl more than 50 mL/min, with
the most common AEs including PN not elsewhere clas-

sified (NEC; high-level term) (36% vs. 57%), anemia
(33% vs. 38%), and thrombocytopenia (33% vs. 41%).
Overall, 54% versus 69% of patients with CrCl more than
50 mL/min receiving SC versus IV bortezomib reported
grade 3 or more AEs, which included 5% versus 18% PN
NEC. Serious AEs were reported in 35% versus 33% of
patients, 22% versus 28% of patients discontinued due to
AEs, and 3% versus 7% of patients died due to AEs with
SC versus IV bortezomib. As noted, in patients with CrCl
20-50 mL/min, comparisons of the safety profiles of SC
and IV bortezomib are confounded; the relative safety
profiles differed compared with in the overall study pop-
ulation, likely associated with the difference in treatment
exposure.
Incidences of common AEs with SC bortezomib
appeared generally similar or numerically higher in
patients with CrCl 20-50 mL/min versus more than 50
mL/min, with PN NEC, anemia, thrombocytopenia, and
diarrhea appearing more frequent (Table 3). In addition,
there appeared a higher overall rate of grade 3 or more
AEs in patients with CrCl 20-50 mL/min. Within the SC
arm, 3 (9%) patients with CrCl 20-50 mL/min and 6 (5%)
patients with CrCl more than 50 mL/min had local reac-
tions to SC administration that were reported as AEs.
Rates of serious AEs (39% and 35%) and discontinua-
tions due to AEs (24% and 22%) with SC bortezomib
appeared similar between CrCl 20-50 mL/min and CrCl
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Table 3. Safety profiles of SC and IV bortezomib (± dexamethasone) by renal subgroup, including common adverse events (all grades, ≥10%
of patients overall in either arm; grade ≥3, ≥5% overall in either arm), in the safety population (all patients who received ≥1 dose of borte-
zomib), assessed per the National Cancer Institute’s Common Terminology Criteria for Adverse Events v.3.0.
AE, n (%) SC bortezomib IV bortezomib
CrCl, mL/min 20-50 (n=33) >50 (n=114) 20-50 (n=13) >50 (n=61)

Any AE 32 (97) 108 (95) 13 (100) 60 (98)
PN NEC 15 (45) 41 (36) 4 (31) 35 (57)
Anemia 15 (45) 38 (33) 3 (23) 23 (38)
Thrombocytopenia 14 (42) 38 (33) 2 (15) 25 (41)
Neutropenia 9 (27) 33 (29) 2 (15) 18 (30)
Diarrhea 13 (39) 22 (19) 5 (38) 22 (36)
Neuralgia 9 (27) 26 (23) 1 (8) 16 (26)
Leukopenia 2 (6) 27 (24) 2 (15) 14 (23)
Pyrexia 4 (12) 24 (21) 1 (8) 11 (18)
Nausea 7 (21) 20 (18) 1 (8) 13 (21)
Asthenia 6 (18) 17 (15) 4 (31) 10 (16)
Weight loss 4 (12) 18 (16) 1 (8) 1 (2)
Constipation 7 (21) 14 (12) 1 (8) 10 (16)
Fatigue 6 (18) 11 (10) 4 (31) 11 (18)
Vomiting 6 (18) 11 (10) 2 (15) 10 (16)

Any grade ≥3 AE 23 (70) 61 (54) 10 (77) 42 (69)
Neutropenia 7 (21) 19 (17) 1 (8) 12 (20)
Thrombocytopenia 5 (15) 14 (12) 1 (8) 13 (21)
Anemia 6 (18) 12 (11) 1 (8) 5 (8)
Leukopenia 1 (3) 8 (7) 1 (8) 4 (7)
PN NEC 3 (9) 6 (5) 1 (8) 11 (18)
Pneumonia 3 (9) 5 (4) 0 6 (10)
Neuralgia 1 (3) 4 (4) 0 7 (11)
Diarrhea 1 (3) 3 (3) 1 (8) 3 (5)
Asthenia 1 (3) 2 (2) 2 (15) 2 (3)

Any serious AE 13 (39) 40 (35) 6 (46) 20 (33)
Discontinuation due to AE 8 (24) 25 (22) 3 (23) 17 (28)
Death due to AE 2 (6) 3 (3) 3 (23) 4 (7)

AE: adverse event; CrCl: creatinine clearance; PN NEC: peripheral neuropathy not elsewhere classified, high-level term incorporating peripheral sensory neuropathy, peripheral
motor neuropathy, neuropathy peripheral, and peripheral sensorimotor neuropathy.



more than 50 mL/min subgroups.
The findings of this subanalysis indicate that SC borte-
zomib appears effective in patients with renal impair-
ment, resulting in a beneficial impact in terms of response
rates and long-term outcomes, including TTP, PFS, and
OS. Of clinical importance, SC bortezomib resulted in a
30% rate of renal impairment reversal in this patient pop-
ulation. Moreover, across renal subgroups, SC borte-
zomib resulted in a rapid onset of response. Notably, the
activity and safety of SC bortezomib in MM patients
with renal impairment demonstrated in these analyses
appear to reflect previously reported data on IV borte-
zomib-based therapy in this setting.5-11 Furthermore, the
findings from this post hoc subgroup analysis of the MMY-
3021 study add to the increasing level of recent data on
SC bortezomib in previously untreated and
relapsed/refractory MM that support the feasibility and
utility of this route of administration. For example, simi-
lar efficacy and a substantially lower rate of PN were seen
with SC compared with IV bortezomib in the borte-
zomib-thalidomide-dexamethasone regimen when used
as pre-transplant induction therapy in previously untreat-
ed patients.15

In conclusion, the findings from this subgroup analysis,
combined with data from other recent studies, support
the use of SC bortezomib across the MM treatment algo-
rithm in settings in which bortezomib use is established,
including as a feasible and effective treatment that can
enable renal function reversal in relapsed MM patients
with moderate-to-severe renal impairment.
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