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The relative clinical efficacy of carfilzomib
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SUMMARY
Objective: In patients with relapse and/or refractory Multiple
myeloma (MM), bortezomib- and lenalidomide-based re-
gimens are the most commonly used in combination with
corticosteroids, but it is changing rapidly. Currently, two pro-
teasome inhibitors have been authorized by the European
Medicines Agency (EMA): carfilzomib and ixazomib. This
study aimed to compare the relative efficacy of carfilzomib-
lenalidomide-dexamethasone and ixazomib-lenalidomide-
dexamethasone in patients with relapse MM through indirect
treatment comparisons (ITCs).
Method: A search was made up to January 2018. Databases
consulted were MEDLINE, the Cochrane Library and the Cen-
tre for Reviews and Dissemination. Randomized controlled
trials (RCTs) that compared the efficacy of carfilzomib or ixa-
zomib versus a common treatment comparator, in which out-

comes of overall survival (OS), progression free survival (PFS),
and overall response rate (ORR) were considered. ITCs were
carried out using the method proposed by Bucher et al.
Results: Two RCTs were included. The results of the adjusted
ITCs showed that there were no statistically significant dif-
ferences between the two combinations in terms of PFS [HR
(CI 95%): 0.93 (0.69-1.26)] and ORR [RR (CI 95%): 1.19
(0.79-1.79)]. OS was not reached in either study group in
neither clinical trials.
Conclusions: The ITCs indicates no difference in efficacy bet-
ween both treatments. Although there should be an inde-
pendent, head to head trial of both drugs to confirm the
results. Therefore, other considerations such as safety, tole-
rance and cost-effectiveness should be taken into account
in order to select the most appropriate treatment for indivi-
duals with multiple myeloma.
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RESUMEN
Objetivo: En pacientes con mieloma múl-
tiple (MM) refractario y/o en recaída, los
regímenes con bortezomib y lenalido-
mida son los más utilizados en combina-
ción con corticoides, pero esto está
cambiando rápidamente. Actualmente,
la Agencia Europea de Medicamentos
(EMA) ha autorizado dos inhibidores del
proteosoma: carfilzomib e ixazomib. El
objetivo de este estudio es comparar la
eficacia relativa de carfilzomib-lenalido-
mida-dexametasona e ixazomib-lenali-
domida-dexametasona en pacientes con
MM en recaída a través de comparacio-

nes indirectas de tratamientos (ITCs).
Método: Se realizó una búsqueda hasta
enero 2018. Las bases de datos fueron
MEDLINE, Cochrane Library y Center for
Reviews and Dissemination. Se conside-
raron los resultados de supervivencia glo-
bal (SG), supervivencia libre de progresión
(SLP) y tasa de respuesta global (ORR) de
los ensayos controlados aleatorios (ECA)
que compararon la eficacia de carfilzo-
mib o ixazomib frente a un comparador
común. Las ITCs se llevaron a cabo utili-
zando el método de Bucher et al. 
Resultados: Se incluyeron dos ECA. Los
resultados de las ITCs ajustadas mostra-

ron que no hubo diferencias estadística-
mente significativas entre las dos combi-
naciones en términos de SLP [HR (IC
95%): 0,93 (0,69-1,26)] y ORR [RR (IC
95%): 1,19 (0,79-1,79)]. La SG no se al-
canzó en ninguno de los grupos de es-
tudio.
Conclusiones: Las ITCs indican que no
hay diferencias en la eficacia entre
ambos tratamientos. Aunque debería
de haber un ensayo directo de ambos
fármacos para confirmar los resulta-
dos. Se deberían tener en cuenta otras
consideraciones como la seguridad, la
tolerancia y la relación costo-efectivi-
dad para seleccionar el tratamiento
más apropiado para las personas con
mieloma múltiple.

Eficacia clínica relativa de carfilzomib e ixazomib
en el mieloma múltiple: una comparación indirecta
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IINTRODUCTION
Multiple myeloma (MM) is a clonal disease of plasma cells
that results in abnormal bone marrow plasma cells and im-
munoglobulin or light chain overproduction, which can
cause end-organ damage such as bone marrow failure,
bone destruction, hypercalcaemia, anaemia, infection, renal
failure, and neurological symptoms. It constitutes approxi-
mately 1% of all reported neoplasms and 13% of hemato-
logic cancers worldwide1. In Europe, the estimated annual
incidence is 38,930 new cases with approximately 24,290
deaths and the incidence is expected to increase over the
next decade2.

Prognosis varies considerably on the basis of several
factors, including the presence of cytogenetic abnormali-
ties3. MM with high-risk cytogenetic abnormalities, del(17),
t(14;16) and/or t(4;14), is characterized by short survival re-
lated to an early relapse rate and rapid development of me-
chanisms of resistance to multiple agents. Del (17), typically
considered the ultra-high-risk group occurs in approximately
10-12% of patients with Refractory/Relapsed Multiple Mye-
loma (RRMM)4,5.

Treatment with cytotoxic drugs, such as alkylating agents
and anthracyclines, and corticosteroids, was given in the past
until the introduction of the first-in-class proteasome inhibi-
tor, bortezomib, and the immunomodulatory drugs, thalido-
mide and lenalidomide that led to improved outcomes. First
line treatment options contain at least one of the novel the-
rapies, i.e. proteasome inhibitors and/or immunostimulatory
drugs, followed by autologous stem cell transplantation
(ASCT), if indicated6. These novel agents and the introduc-
tion of ASCT have substantially improved overall survival
(OS), which currently ranges from 5 to 7 years7. In younger
patients treated with immunomodulatory drugs plus prote-
asome inhibitor before and after ASCT, median progression-
free survival (PFS) may be over 5 years and median OS may
exceed 10 years8-10. 

In the relapsed and/or refractory patients, bortezomib-
and lenalidomide-based regimens are the most commonly
used in combination with corticosteroids, but it is changing
rapidly for two reasons. Firstly, lenalidomide and bortezomib
are currently used in frontline treatment and many patients
become resistant to these agents early in the course of their
disease. Secondly, six second-line new agents have been re-
cently developed and offer new possibilities (pomalidomide,
carfilzomib, ixazomib, panobinostat, elotuzumab and dara-
tumumab)11. 

The second/third lines treatment varies according to the
duration of the previous response and the drugs already
given12. Response rates decrease with every successive re-
lapse (defined by the International Myeloma Working Group
(IMWG) as previously treated myeloma patients who, after
a period of being off-therapy, require salvage therapy): 58%
at 1st relapse to 15% at 4th relapse.

Currently, two proteasome inhibitors have been autho-
rized by the European Medicines Agency (EMA) with the fo-
llowing indications:

- Carfilzomib in combination with lenalidomide and de-
xamethasone or dexamethasone alone is indicated for the
treatment of adult patients with MM who have received at
least one prior therapy13.

- Ixazomib in combination with lenalidomide and dexa-
methasone is indicated for the treatment of adult patients
with MM who have received at least one prior therapy6.

The proteosoma inhibitors were approved for the treat-
ment of relapse MM in combination with lenalidomide and
dexamethasone on the basis of results from phase 3 trials,
showing improved progression-free survival (PFS) as com-
pared with lenalidomide and dexamethasone. Both clinical
trials reinforce the evidence in support of using a triplet re-
gimen is more efficacious than doublet regimens. 

Given the lack of head-to-head trials comparing both
proteasome inhibitors, performing an indirect comparison
could be an alternative to explore the relative efficacy of
these drugs. Indirect treatment comparisons (ITCs) are rela-
tively new approaches to evaluate the relative treatment ef-
fect when two or more interventions have not been
compared directly. An adjusted indirect comparison is an in-
direct comparison of different treatments, adjusted accor-
ding to the results of their direct comparison with a common
control in order that the strength of the randomised trials is
preserved. So, an indirect comparison of carfilzomib versus
ixazomib has been performed.

Empirical evidence indicates that results of adjusted in-
direct comparison are usually, but not always, consistent
with the results of direct comparisons. In the absence of
head-to-head trials, an indirect comparison is the best way
to estimate the treatment effect between two interventions,
albeit with greater uncertainty than in direct head-to-head
randomised controlled trials. These approaches are being
increasingly used by health technology assessment (HTA)
agencies as new and existing drugs must be evaluated wi-
thin the context of all available clinical evidence14.

The main objective of this study was to compare the re-
lative efficacy of carfilzomib-lenalidomide-dexamethasone
and ixazomib-lenalidomide-dexamethasone in patients with
relapse MM through ITCs.

METHOD
A literature search was carried out to identify relevant stu-
dies published (January 2018). Databases consulted were
MEDLINE (through OVID), the Cochrane Library and the da-
tabases of the Centre for Reviews and Dissemination (CRD).
Free terms were used.

Grey literature was obtained by searching the web sites
of the European Medicines Agency (EMA) and Agencia Es-
pañola de Medicamentos y Productos Sanitarios (AEMPS).

Studies were chosen for inclusion in the review based
on the criteria outlined below:

- Population: patients with MM.
- Intervention: carfilzomib or ixazomib in combination

with lenalidomide and dexamethasone.
- Comparator: placebo in combination with lenalido-

mide and dexamethasone.
- Outcomes: OS, PFS and overall response rate (ORR).
- Study design: randomized controlled trials (RCTs).
Selection, critical appraisal, data extraction, qualitative

and quantitative synthesis of the evaluated studies was in-
dependently undertaken by two researchers.

Assessment of bias in RCTs was completed using the
Cochrane Risk of Bias tool15. 

Both clinical similarity and methodological similarity
were considered in adjusted indirect comparisons14,16. Also,
if there were direct and indirect comparisons, consistency
should have been accounted for. Finally, adjusted ITCs were
conducted based on the relative effects of each drug
against a common comparator following the method pro-
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posed by Bucher et al.17 The software CIT, developed by the
Canadian Agency for Drugs and Technologies in Health
(CADTH), was used to calculate the risk ratio (HR and RR)
(95% CI)17,18.

RESULTS 
A total of 400 citations were found, of which 49 were clini-
cal trials. Six of them met inclusion criteria (four for carfilzo-
mib and two for ixazomib). Finally, two RCTs were included
because they have a common comparator19,20.

Stewart et al. 2015 was a randomized, open-label, multi-
centre, phase 3 study which evaluated the safety and efficacy
of carfilzomib with lenalidomide and weekly dexamethasone
as compared with lenalidomide and weekly dexamethasone
alone in patients with relapsed MM. A total of 792 patients
were included. The primary end point was PFS19.

Moreau et al. 2016 was a phase 3, randomized, double-
blind, placebo-controlled trial reported that evaluated the ef-
ficacy and safety of ixazomib, administered weekly, plus
lenalidomide–dexamethasone with those of placebo plus le-
nalidomide–dexamethasone in patients with relapsed, refrac-
tory, or relapsed and refractory MM. A total of 722 patients
were included. The primary end point was PFS20.

Stewart et al. study was judged to have a low risk of
bias except in the domain of incomplete outcome measures
(unclear risk of bias). Moreau et al. study was judged to
have a low risk of bias except in the domain of incomplete
outcome measures (unclear risk of bias).

Summary of key features of both clinical trials is shown
in Table 1. So, similarity assumptions were shown to be true.

To assess the relative efficacy of the drugs, relevant and
common clinical end point in the studies were selected: OS,
PFS and the ORR. However, finally OS was not selected be-
cause it was not reached in either study group in neither cli-
nical trials.

The efficacy results for the selected end points are
shown in Table 2. The results of the adjusted ITCs revealed
that:

- For PFS, HR (CI 95%) carfilzomib-lenalidomide-dexa-
methasone vs. ixazomib-lenalidomide-dexamethasone was
0.93 (0.69-1.26). So, there were no statistically significant
differences between the two treatments in terms of PFS.

- For ORR, RR (CI 95%) carfilzomib-lenalidomide-dexa-
methasone vs. ixazomib-lenalidomide-dexamethasone was
1.19 (0.79-1.79). So, there were no statistically significant
differences between the two treatments in terms of ORR. 

Table 1. Summary of key features of clinical trials of carfilzomib and ixazomib selected for indirect comparisons

ECA  carfilzomib, lenalidomide and dexamethasone
vs. lenalidomide and dexamethasone

ECA  ixazomib, lenalidomide and dexamethasone
vs. lenalidomide and dexamethasone

N 792 722

Inclusion
criteria

⇾ Adults with relapsed multiple myeloma (MM) and
measurable disease who had received one to three prior
treatments
⇾ Patients previously treated with bortezomib if they
did not have disease progression during treatment
⇾ Patients previously treated with lenalidomide and
dexamethasone were eligible so long as they did not
discontinue therapy because of adverse effects, have
disease progression during the first 3 months of treatment,
or have progression at any time during treatment if
lenalidomide plus dexamethasone was their most recent
treatment
⇾ All patients had adequate hepatic, hematologic, and
renal function (creatinine clearance, ≥50 ml per minute)
at screening

⇾ Adult patients with relapsed, refractory, or both,
MM who had received one to three prior treatments
⇾ Patients with measurable levels of disease
⇾ Patients with an Eastern Cooperative Oncology Group
(ECOG) performance status score of 0 to 2 (on a scale
from 0 to 5, with 0 indicating no symptoms and higher
scores indicating increasing disability)
⇾ Patients with adequate hematologic and hepatic function
⇾ Patients with mild-to-moderate impairment of renal
function (i.e., patients with a calculated creatinine
clearance of at least 30 ml per minute per 1.73 m2 of
body-surface area) were eligible

Primary
end
point

⇾ Progression-free survival ⇾ Progression-free survival

Secondary
end
points

⇾ Overall survival
⇾ The rate of overall response (partial response or better)
⇾ Duration of response
⇾ Safety
⇾ Health-related quality of life

⇾ Overall survival
⇾ Overall survival in patients with chromosome 17p
deletion [del(17p)]
⇾ Overall rate of response
⇾ The rate of complete response plus very good partial
response
⇾ Duration of response
⇾ Time to disease progression
⇾ Progression-free survival in patients with high-risk
cytogenetic abnormalities
⇾ Safety
⇾ Change in global health status
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Table 1. (cont.)

ECA  carfilzomib, lenalidomide and dexamethasone
vs. lenalidomide and dexamethasone

ECA  ixazomib, lenalidomide and dexamethasone
vs. lenalidomide and dexamethasone

Patients
baseline
characte-
ristics
(treatment
group 
vs.
control
group)

⇾ Age:
• Median, years: 64 (38–87) vs. 65 (31–91). Overall 64 (31–91)
• Distribution — no. of patients (%): 

- 18–64 yr: 211 (53.3) vs. 188 (47.5). Overall 399 (50.4).
- ≥65 yr: 185 (46.7) vs. 208 (52.5). Overall 393 (49.6).

⇾ ECOG performance status — no. of patients (%):
• 0 or 1: 356 (89.9) vs. 361 (91.2). Overall 717 (90.5)
• 2: 40 (10.1) vs. 35 (8.8). Overall 75 (9.5)

⇾ Cytogenetic risk at study entry — no. of patients (%):
• High risk: 48 (12.1) vs. 52 (13.1). Overall 100 (12.6)
• Standard risk: 147 (37.1) vs. 170 (42.9). Overall 317 (40.0)
• Unknown: 201 (50.8) vs. 174 (43.9). Overall 375 (47.3)

⇾ Previous regimens
• Median — no. 2.0 vs. 2.0. Overall 2.0
• Range — no. 1–3 vs. 1–3. Overall 1–3
• Distribution — no. of patients (%):

- 1 regimen: 184 (46.5) vs. 157 (39.6). Overall 341 (43.1)
- 2 or 3 regimens: 211 (53.3) vs. 238 (60.1). Overall

449 (56.7)
⇾ Previous therapies — no. of patients (%):

• Bortezomib: 261 (65.9) vs. 260 (65.7). Overall 521 (65.8)
• Lenalidomide: 79 (19.9) vs. 78 (19.7). Overall 157 (19.8)

⇾ Age:
• Median, years: 66 (38–91) vs. 66 (30-89). Overall 66 (30–91)
• Age >65 years no.(%): 192 (53) vs. 186 (51). Overall 378 ( 52)

⇾ Male sex, no. (%): 207 (58) vs. 202 (56). Overall 409 (57)
⇾ ECOG performance status score, no./total no. (%):

• 0: 184/354 (51) vs. 170/358 (47). Overall 350/712  (49)
• 1: 156/354 (44) vs. 164/358 (46). Overall 320/712 (45)
• 2: 18/354 (5) vs. 24/358 (7). Overall 42/712 (6)

⇾ ISS disease stage at study entry — no. (%), no/total no (%):
• I: 226 (63) vs. 233 (64). Overall 459 (64)
• II: 89 (25) vs. 87 (24). Overall 176 (24)
• III: 45 (12) vs. 42 (12). Overall 87 (12)

⇾ Cytogenetic features — no. of patients (%):
• High risk: 75 (21) vs. 62 (17). Overall 137 (19)
• Standard risk: 199 (55) vs. 216 (60). Overall 415 (57)
• Unknown: 86 (24) vs. 84 (23). Overall 170 (24)

⇾ No. of prior therapies — no. of patients (%):
• 1: 224 (62) vs. 217 (60). Overall 441 (61)
• 2: 97 (27) vs. 111 (31). Overall 208 (29)
• 3: 39 (11) vs. 34 (9). Overall 73 (10)

⇾ Prior stem-cell transplantation: 212 (59) vs. 199 (55).
Overall 411 (57)
⇾ Prior proteasome inhibitor therapy — no. (%): 249 (69)
vs. 253 (70). Overall  502 (70):

• Bortezomib: 248 (69) vs. 250 (69). Overall 498 (69)
• Carfilzomib: 1 (<1) vs. 4 (1). Overall 5 (1)

⇾ Disease refractory to any prior proteasome inhibitor
therapy — no. (%): 4 (1) vs. 8 (2). Overall 12 (2)
- Prior immunomodulatory drug therapy — no./ total no. (%):
193/360 (54) vs. 204/362 (56). Overall 397/722 (55):

• Lenalidomide: 44/360 (12) vs. 44/362 (12). Overall
88/722 (12)

• Thalidomide: 157/360 (44) vs. 170/362 (47). Overall
327/722 (45)
⇾ Disease refractory to any prior immunomodulatory drug
therapy: 41/193 (21) vs. 50/204 (25). Overall 91/397 (23)

Treatment
group

⇾ Carfilzomib with lenalidomida and dexamethasone in
28-day cycles:

• Carfizomib, 10-minute infusion on days 1, 2, 8, 9, 15,
and 16 (starting dose, 20 mg per square meter on days
1 and 2 of cycle 1; target dose, 27 mg per square meter
thereafter) during cycles 1 through 12 and on days 1, 2,
15, and 16 during cycles 13 through 18, after which
carfilzomib was discontinued

• Lenalidomida (25 mg) was given on days 1 through 21
• Dexamethasone (40 mg) was administered on days

1, 8, 15 and 22

⇾ Ixazomib with lenalidomida and dexamethasone in
28-day cycles

• Ixazomib, 4 mg oral on days 1, 8, and 15
• Lenalidomide (25 mg) was given on days 1 through 21
• Dexamethasone (40 mg) was administered on days

1, 8, 15, and 22

Control
group ⇾ Lenalidomida and dexamethasone alone in 28-day cycles ⇾ Lenalidomida and dexamethasone alone in 28-day cycles

Study
design

⇾ Patients were randomly assigned, in a 1:1 ratio
⇾ Randomization was stratified according to the
β2-microglobulin level (<2.5 mg per liter vs. ≥2.5 mg
per liter), previous therapy with bortezomib (no vs. yes),
and previous therapy with lenalidomide (no vs. yes)
⇾ Treatment was continued until disease progression or
the development of unacceptable toxic effects

⇾ Patients were randomly assigned, in a 1:1 ratio
⇾ Randomization was stratified according to the number
of prior therapies (1 vs. 2 or 3), previous exposure to
proteasome inhibitors (not exposed vs. exposed), and
International Staging System disease stage (I or II vs. III,
with higher stages indicating more advanced disease)
⇾ Treatment was continued until disease progression or
the development of unacceptable toxic effects

Trial duration
(duration
for the
assessment
of end points)
(length of
follow up)

⇾ Duration of treatment was longer in the carfilzomib
group than in the control group (median, 88 weeks vs.
57 weeks)
⇾ The median follow-up was 32.3 months in the
carfilzomib group and 31.5 months in the control group

⇾ Patients in the ixazomib group received more cycles
than in the control group (median, 17 cycles vs. 15 cycles)
⇾ The median follow-up was 14.8 months in the
ixazomib group and 14.6 months in the placebo group
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DISCUSSION
Based on the similarity of the two RCTs included, it was pos-
sible to realize indirect comparisons between the two drugs.

As for the strength of this study, the internal validity of
findings was high. Studies did not differ substantially with
respect to the number of patients, the characteristics of the
patients, the way in which the outcomes were measured or
defined, the protocol requirements including the concomi-
tant interventions allowed, as well as similar follow-up pro-
cedures. It was not possible to assess external validity of
findings as there was no direct evidence to compare with. 

There are several limitations to consider in this analysis.
Firstly, there are some differences in the inclusion criteria for
each RCT. Regarding prior therapies of patients, Stewart et
al.  included patients had received one to three prior treat-
ments, which were bortezomib and lenalidomide-dexame-
thasone if they did not have disease progression during
treatment or not discontinue therapy because of adverse
effects19. On the other hand, Moreau et al., although also
included patients had received one to three prior therapies,
these were not specified20. Secondly, randomization strategy
was different. Stewart et al. stratified patients according to
the β2-microglobulin level (<2.5 mg per liter vs. ≥2.5 mg
per liter), previous therapy with bortezomib (no vs. yes), and
previous therapy with lenalidomide (no vs. yes) and Moreau
et al. according to the number of prior therapies (1 vs. 2 or 3),
previous exposure to proteasome inhibitors (not exposed vs.
exposed), and International Staging System disease stage
(I or II vs. III, with higher stages indicating more advanced
disease). Thirdly, a higher number of patients with high risk
features defined by FISH were enrolled in the ixazomib study
as compared to the carfilzomib study (21% vs. 12%) and a
higher rate of patients previously exposed to lenalidomide
(20%) was enrolled in the carfilzomib study trial in compa-
rison with the ixazomib study (12%). Finally, for the ixazo-
mib study, the median follow-up was 14.8 months vs. 14.6
months in the placebo group, whereas for the carfilzomib
study, the median follow-up was longer (32.3 vs. 31.5
months)19,20. This fact could influence the results of the in-
direct comparison. 

The statistical approach employed is widely accepted by
agencies such as the National Institute for Health and Care
Excellence (NICE), and the CADTH. However, many clinicians
may be unfamiliar with this approach and few guidelines
are available to critically appraise such studies. 

Given the lack of ITCs related to these drugs, this work
could be a contribution to the evidence available so far. Ho-
wever head-to-head trials are necessary to select the best
treatment option.

CONCLUSION
The ITCs indicates no difference in efficacy between both
treatments. Although there should be an independent,
head to head trial of both drugs to confirm the results. The-
refore, other considerations such as safety, tolerance and
cost-effectiveness should be taken into account in order to
select the most appropriate treatment for individuals with
multiple myeloma.
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