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Novelty Statement: • This randomised phase II study assessed the role of carfilzomib in salvage ASCT. 

• The use of carfilzomib-containing induction therapy before salvage ASCT was feasible with manageable toxicity, and subsequent carfilzomib-dexamethasone maintenance prolonged 
time to progression with 8 months compared with no maintenance. 

• The study indicates that maintenance therapy might have a role after salvage ASCT.  
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1  | INTRODUC TION

High-dose melphalan with autologous stem-cell transplantation 
(ASCT) has for three decades been standard of care in younger pa-
tients with newly diagnosed multiple myeloma, and recent studies 
do not indicate imminent replacement of ASCT with treatment reg-
imens solely based on novel drugs.1,2 However, almost all patients 
will ultimately experience relapse after ASCT and salvage ASCT is 
an appealing option in selected patients due to the potential of sec-
ond long-term disease control.3 Data on the effect of salvage ASCT 
are relatively sparse and mainly originate from small retrospective 
single-centre studies and case-matched studies, some of them per-
formed before induction with the novel agents.4-9 Salvage ASCT 
has only been evaluated in two prospective randomised studies. 
The British Myeloma X trial showed prolonged progression-free 
survival (PFS) and overall survival (OS) after salvage ASCT com-
pared with 12 weeks of conventional chemotherapy.10 The recently 
published German ReLApsE trial did not find any PFS or OS ben-
efit between patients randomised to lenalidomide-dexamethasone 
induction followed by salvage ASCT with subsequent lenalidomide 
maintenance versus patients randomised to continuous lenalidomid-
dexamethasone.11 However, a landmark analysis from the time of 
salvage ASCT showed superior PFS and OS in patients who received 

salvage ASCT. A meta-analysis from 2013 on upfront ASCT data 
supports the use of bortezomib-containing induction therapy and 
indicates that an improved response after induction therapy trans-
lates into improved response and prolonged progression-free sur-
vival after ASCT.12 There is lack of data on the optimal induction 
regimen before salvage ASCT and a general need for studies that 
incorporate novel agents into the salvage ASCT setting.

Lenalidomide maintenance after upfront ASCT has become stan-
dard of care and prolongs time to progression (TTP) and OS.13 There 
are limited data on the role of maintenance therapy after salvage 
ASCT although extrapolation of first-line data suggests that this 
will also be beneficial in the relapse setting. Two small retrospective 
studies have indicated that maintenance with lenalidomide might 
prolong TTP after salvage ASCT.8,14 However, other retrospective 
studies have not indicated any effect of various types of mainte-
nance therapy following salvage ASCT.4,6 In a small phase 1/2 study, 
27 patients with relapsed/refractory multiple myeloma received car-
filzomib maintenance after ASCT and the treatment was feasible.15 
However, the study included patients with different lines of therapy 
and only approximately half of the patients had received previous 
ASCT. It emphasises the need for prospective studies on the use 
of maintenance therapy after salvage ASCT in the era of the novel 
drugs.
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Abstract
Objective: We investigated the efficacy and safety of carfilzomib-containing induc-
tion before salvage high-dose melphalan with autologous stem-cell transplantation 
(salvage ASCT) and maintenance with carfilzomib and dexamethasone after salvage 
ASCT in multiple myeloma.
Methods: This randomised, open-label, phase 2 trial included patients with first re-
lapse of multiple myeloma after upfront ASCT who were re-induced with four cycles 
of carfilzomib, cyclophosphamide and dexamethasone. Two months after salvage, 
ASCT patients were randomised to either observation or maintenance therapy with 
iv carfilzomib 27 → 56 mg/sqm and p.o. dexamethasone 20 mg every second week. 
The study enrolled 200 patients of which 168 were randomised to either mainte-
nance with carfilzomib and dexamethasone (n = 82) or observation (n = 86).
Results: Median time to progression (TTP) after randomisation was 25.1  months 
(22.5-NR) in the carfilzomib-dexamethasone maintenance group and 16.7  months 
(14.4–21.8) in the control group (HR 0.46, 95% CI 0.30–0.71; P = .0004). The most 
common adverse events during maintenance were thrombocytopenia, anaemia, hy-
pertension, dyspnoea and bacterial infections.
Conclusion: In summary, maintenance therapy with carfilzomib and dexamethasone 
after salvage ASCT prolonged TTP with 8 months. The maintenance treatment was 
in general well-tolerated with manageable toxicity.
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The next-generation proteasome inhibitor carfilzomib is com-
monly used in treatment of relapsed and/or refractory multiple 
myeloma, and the combination of carfilzomib and dexamethasone 
demonstrated in the ENDEAVOR trial superior progression-free 
survival and OS compared to combination of bortezomib and dexa-
methasone.16 Furthermore, carfilzomib has demonstrated clinical 
effect in patients with previous exposure to bortezomib and in pa-
tients refractory to bortezomib.17 Importantly, carfilzomib is not 
associated with the high risk of peripheral neuropathy seen with 
bortezomib treatment, but is on the other hand accompanied by an 
increased risk of cardiac and pulmonary adverse events, most often 
in the form of dyspnoea, hypertension, heart failure or ischaemic 
heart disease.18 Data are sparse on the use of carfilzomib-containing 
induction therapy before salvage ASCT and as maintenance therapy 
after salvage ASCT.

The Nordic Myeloma Study Group (NMSG) initiated the 
CARFI study, a randomised, open-label, phase II study to evalu-
ate the efficacy and safety of induction therapy with carfilzomib-
cyclophosphamide-dexamethasone (CAR-CY-DEX) before 
salvage ASCT and to prospectively evaluate the efficacy and 
safety of carfilzomib/dexamethasone maintenance after salvage 
ASCT.

2  | SUBJEC TS AND METHODS

2.1 | Trial design

This randomised, open-label, phase II study was designed and 
conducted by the Nordic Myeloma Study Group (NMSG). It in-
cluded multiple myeloma patients from 25 hospitals in Denmark, 
Finland, Lithuania, Norway and Sweden. The study was approved 
by North Denmark Region Committee on Health Research Ethics 
(N-20130064), Danish Health and Medicines Authority (No. 
2013092582) and Danish Data Protection Agency (No. 2008-58-
0028). The trial was approved in each country by ethics commit-
tees and drug agencies. EudraCT and ClinicalTrials.gov numbers are 
2013-003789-15 and NCT02572492 respectively. Patients provided 
written informed consent, and the trial was conducted in accordance 
with the principles of the Declaration of Helsinki.

2.2 | Patients

The study included multiple myeloma patients with first relapse 
more than 1 year after upfront single or double ASCT with ≥2.0 × 106 
frozen CD34+ stem cells/kg body weight stored. Progressive or re-
lapsed disease was defined according to the International Myeloma 
Working Group criteria.19

The key exclusion criteria were any myeloma treatment after 
the first ASCT, including maintenance treatment (exceptions were 
radiotherapy, bisphosphonates, denosumab and short-term cortico-
steroids), previous treatment with carfilzomib, WHO performance 

status ≥3, significant neuropathy (grade 3–4, or grade 2 with pain) 
and any comorbidity that would preclude treatment with carfilzomib 
or ASCT.

2.3 | Trial treatment

Patients received four cycles of CAR-CY-DEX: IV carfilzomib (20 mg/
sqm on days 1 and 2 of cycle 1; 36 mg/sqm given thereafter) on days 
1, 2, 8, 9, 15 and 16, oral cyclophosphamide 300 mg/sqm on days 
1, 8 and 15 and oral dexamethasone 20 mg on days 1, 2, 8, 9, 15 
and 16 in each 28-days cycle. The conditioning regimen consisted 
of IV carfilzomib 27  mg/sqm on day –2 and –1 and IV melphalan 
200 mg/sqm on day –2. Two months after ASCT patients were ran-
domised (1:1) to either observation or maintenance therapy with IV 
carfilzomib 27 mg/sqm every second week and oral dexamethasone 
20 mg every second week. The maintenance dose of carfilzomib was 
escalated to 56 mg/sqm after 4 weeks provided acceptable side ef-
fects. The randomisation was stratified according to relapse 1–2 year 
or >2 years after ASCT, ISS stage and standard-risk versus high-risk 
cytogenetics. High-risk cytogenetic abnormalities were defined as 
t(4;14), t(14;16), or del(17p). Maintenance treatment continued until 
progression, unacceptable adverse effects, withdrawal of consent or 
1 September 2019 which was predetermined date for study termi-
nation corresponding to follow-up of the last included patient for 
9 months after randomisation.

2.4 | End points and assessments

We defined two primary end points in the study, one was compari-
son of TTP after upfront ASCT and TTP after salvage ASCT with 
CAR-CY-DEX induction and the second was comparison of TTP be-
tween carfilzomib-dexamethasone maintenance and observation 
in patients treated with salvage ASCT. The response was assessed 
according to the International Myeloma Working Group criteria for 
response in multiple myeloma.19 Secondary end points were toxic-
ity of CAR-CY-DEX as induction regimen and carfilzomib as part of 
the high-dose melphalan conditioning, response rates of induction 
therapy and ASCT, time to bone marrow regeneration (neutrophil 
and platelet recovery) after ASCT, toxicity of maintenance treat-
ment with carfilzomib-dexamethasone, comparison of OS between 
carfilzomib-dexamethasone maintenance and observation in pa-
tients treated with a salvage ASCT, patient-reported health-related 
quality of life (HRQL) and neurotoxicity. HRQL was assessed with 
the European Organization for Research and Treatment of Cancer 
(EORTC) Quality of Life Core Module (QLQ-C30) and the Multiple 
Myeloma Module (QLQ-MY20) questionnaires whereas neuro-
toxicity was assessed with the Functional Assessment of Cancer 
Therapy/Gynaecologic Oncology Group-Neurotoxicity (FACT/
GOG-Ntx) subscale. Patients completed the questionnaires before 
randomisation and every other month subsequently.20-22 The main 
HRQL analysis was conducted on the EORTC QLQ-C30 subscale 
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Global Health Status/Quality of Life (GHS/QOL) from baseline and 
until 2 years from randomisation, including all visits in between. The 
remaining data on HRQL and neurotoxicity will be reported in a sep-
arate publication.

2.5 | Safety assessment

Adverse events were graded according to National Cancer Institute 
Common Toxicity Criteria (NCI CTC) Version 4.0.

2.6 | Statistical analysis

Baseline characteristics were presented with frequencies and per-
centages for categorical variables and median and interquartile 
range (IQR) or mean and standard deviation (SD). Comparisons 
of categorical variables between groups were performed using 
chi-square tests or Fisher's exact test in the case of expected cell 
counts below 5 and low total number. Continuous and ordinal vari-
ables were compared using Mann–Whitney test. All time to event 
outcomes were analysed using the Kaplan–Meier method. The pri-
mary end points were analysed according to intention-to-treat in 
the way that all patients were included in analyses independently 
of compliance to treatment. In the maintenance part, patients were 
analysed according to initial randomisation. The primary end points 
were time to event outcomes and analysed using the Kaplan–Meier 
method. Median TTP and progression-free proportions at specific 
time points extracted from the Kaplan–Meier statistics were pre-
sented. For comparisons between TTP after ASCT at diagnosis and 
salvage ASCT, the Gehan-Wilcoxon test was used, and no hazard 
ratios were calculated as proportional hazard was not expected. 
For comparisons between the randomised treatment arms, the log-
rank test was used. We further calculated hazard ratios (HR) using 
a Cox proportional hazard model. Cox regressions were used for 
subgroup analyses.

For the EORTC GHS/QoL subscale, an overall estimate of the 
mean treatment effect over time between treatment groups was cal-
culated using a restricted maximum likelihood-based mixed model 
for repeated measures (MMRM). The model included fixed effects of 
treatment arm and visit and patients as random effects.

All tests were two-sided. P-values below 0.05 were considered 
statistically significant, and estimates were presented using 95% 
confidence intervals (CI). All calculations were performed using R 
software, version 3.6.1. (R Foundation for Statistical Computing, 
Vienna, Austria).

2.7 | Role of the funding source

Amgen, the funder of the study, had no role in study design, data 
collection, data analysis, data interpretation or writing of the manu-
script. The corresponding author had full access to all the data in 

the study and had final responsibility for the decision to submit for 
publication.

3  | RESULTS

Between 26 January 2015 and 30 April 2018, 200 patients were 
enrolled, of which 82 were randomly assigned to the carfilzomib-
dexamethason maintenance and 86 to observation after comple-
tion of salvage ASCT (Figure  1). Median age at study entry was 
62 years (IQR 56–66 years), and the median time from upfront ASCT 
to study entry was 41.3 months (30.0–58.4 months). Demographic 
and clinical characteristics at time of randomisation were well-
balanced between groups, except a slightly younger age in the 
carfilzomib-dexamethason group versus the control group (Table 1). 
The majority of patients (83.5%) had received previous treatment 
with bortezomib as part of induction therapy before upfront ASCT 
(Table 1). The median follow-up for this analysis was 24.0 months 
from inclusion until data cut-off which was 1 September 2019, the 
date of study termination.

There was no difference in quality of treatment response after 
upfront induction therapy at diagnosis and the four cycles of CAR-
CY-DEX induction before salvage ASCT in the study (Table  2). 
Upfront ASCT and salvage ASCT lead to further improvement of 
response, but this was most pronounced after upfront ASCT where 
32.5% achieved complete remission (CR) or stringent complete re-
mission (sCR) versus 22.8% CR or sCR after salvage ASCT (P = .033) 
(Table  2). Previous bortezomib exposure did not affect quality of 
response after CAR-CY-DEX or after salvage ASCT. Median TTP 
from start of induction therapy was 33.2  months (30.4–37.7) for 
the upfront treatment and 26.7 months (24.2–30.7) for the salvage 
treatment (P  <  .0001). TTP after upfront treatment was an im-
portant predictor of TTP after salvage ASCT, for example median 
20.7  months (17.8–25.9) in patients with remission shorter than 
24 months and median 29.3 months (26.2–35.4) in patients with re-
mission longer than 24 months (P = .025).

Toxicities related to induction treatment with CAR-CY-DEX 
mainly consisted of low-grade haematologic adverse events and 
infections, including five cases of septicaemia (Table S1). Cardiac 
adverse events were observed in 22 patients and in one case 
lead to withdrawal from the study. Three patients died in the in-
duction period due to septicaemia (two cases) and progression 
of multiple myeloma (one case). A total of 19 patients left the 
study from start of CAR-CY-DEX induction until salvage ASCT 
(Figure 1).

A salvage ASCT was performed in 181 patients. Four patients 
(2.4%) received a lower dose of melphalan than 200 mg/sqm (range 
140–193), and the median number of infused CD34+ stem cells was 
4 × 106/kg (3–5). The most frequent adverse events observed from 
salvage ASCT until randomisation were haematologic events and in-
fections, including 10 cases of septicaemia. Two patients died during 
this period which in both cases were caused by fungus septicae-
mia and corresponds to a 100-day mortality of 1.1%. Four patients 
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withdrew their consent to participate in the study during this period 
(Figure 1). A total of 93 and 57 serious adverse events (SAE) were 
filed in the induction phase and the time following salvage ASCT 
respectively.

Mean time to neutrophils above 1.0  ×  109/L after upfront 
ASCT and salvage ASCT was 16.9  days (standard deviation 9.4) 
and 13.4 days (3.5) respectively (P < .0001). Mean time to platelets 
above 100 × 109/L was 21.9 days (11.0) and 21.1 days (8.9) respec-
tively (P = .91). The use of granulocyte-colony stimulating factor (G-
CSF) was not registered.

Median TTP after randomisation was 25.1  months (22.5-
NR) in the carfilzomib-dexamethasone maintenance group and 
16.7  months (14.4–21.8) in the control group (HR 0.46, 95% 
CI 0.30–0.71; P  =  .0004; Figure  2). The benefit in TTP for the 
carfilzomib-dexamethasone maintenance group was observed 

across prespecified subgroups, except the small group of prote-
asome inhibitor-naive patients (Figure 3). The group of patients 
randomised to maintenance had the same TTP from start of in-
duction therapy in the upfront and salvage treatment, namely 
median 31.1  months (29.2–36.8) and 31.5  months (29.3-NR) 
respectively. Median OS until data cut-off (1 September 2019) 
was not reached in the maintenance group and was 44.5 months 
(39.8-NA) in the control group (HR 0.47 (95% CI; 0.18–1.19, 
P  =  .10)). Improvement of response was observed more often 
in the maintenance group (43 patients (52.4%)) than in the con-
trol group (30 patients (34.9%)) (P  =  .003). This improvement 
was mainly confined to patients with partial response at time of 
randomisation, namely in 14 of 16 (88%) patients in the mainte-
nance group versus 6 of 16 (38%) patients in the control group 
(P = .009) (Table S2).

F I G U R E  1   Study profile
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3.1 | Safety

The most common haematological adverse events during 
carfilzomib-dexamethasone maintenance were thrombocytope-
nia (in 29% of the patients in the maintenance group vs. 21% of 
those in the control group) and anaemia (58% vs. 44%), whereas 
frequent non-haematological adverse events were hypertension 
(19% vs. 3%), dyspnoea (24% vs. 11%) and bacterial infections (41% 

vs. 26%) (Table 3). The occurrence of other cardiac adverse events 
was low, namely atrial fibrillation in one patient in the maintenance 
group and in the control group respectively. Adverse events at-
tributable to use of steroids were observed in some patients in the 
maintenance group, for example mood alterations, insomnia and 
avascular necrosis of the femoral head (Table 3). A total of 53 seri-
ous adverse events (SAEs) were reported in 25 (30.5%) patients in 
the maintenance group and 38 SAEs in 21 (24.4%) patients in the 

Carfilzomib group 
(N = 82)

Observation group 
(N = 86)

All participants 
(N = 200)

Median age (years) 60 (53–64) 62 (58–67) 62 (56–66)

Sex

Male 43 (52%) 53 (62%) 116 (58%)

Female 39 (48%) 33 (38%) 84 (42%)

Time from MM diagnosis 
(months)

40.4 (30.0–58.5) 42.0 (30.8–54.7) 41.3 (30.0–58.4)

Type of myeloma at initial diagnosis

IgA 9 (11%) 18 (21%) 36 (18.0%)

IgG 54 (66%) 52 (61%) 121 (61%)

Light chain 18 (22%) 15 (17%) 40 (20%)

Other 1 (1%) 1 (1%) 3 (2%)

Previous induction regimen

VAD 0 1 (1%) 1 (<1%)

CY-DEX 1 (1%) 1 (1%) 4 (2%)

CY-BOR-DEX 60 (73%) 63 (73%) 145 (73%)

CY-THAL-DEX 6 (7%) 5 (6%) 12 (6%)

BOR-DEX 10 (12%) 8 (9%) 22 (11%)

Other 5 (6%) 8 (9%) 16 (8%)

WHO performance status

0 54 (66%) 56 (65%) 120 (60%)

1 25 (30%) 23 (27%) 63 (32%)

2 0 3 (3%) 8 (4%)

3 or 4 0 0 0

Missing 3 (4%) 4 (5%) 9 (5%)

International Staging System

I 47 (57%) 50 (58%) 106 (53%)

II 26 (32%) 24 (28%) 65 (33%)

III 4 (5%) 8 (9%) 18 (9%)

Missing 5 (6%) 4 (5%) 11 (6%)

FISH

Standard risk 63 (77%) 59 (69%) 142 (71%)

High risk 14 (17%) 15 (17%) 39 (20%)

Not done/missing 5 (6%) 12 (14%) 19 (10%)

Note: Data are median (IQR) and n (%). There were no significant between-group differences in the 
characteristics, with the exception of slightly older patients in the observation arm (P = .008).
Abbreviations: VAD, vincristine-doxorubicin-dexamethasone; CY-DEX, cyclophosphamide-
dexamethasone; CY-BOR-DEX, cyclophosphamide-bortezomib-dexamethasone; CY-THAL-DEX, 
cyclophosphamide-thalidomide-dexamethasone; BOR-DEX, bortezomib-dexamethasone; High-risk 
cytogenetic, t(4;14), t(14;16) or del(17p).

TA B L E  1   Demographic, baseline 
disease and clinical characteristics
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control group. One patient died during maintenance treatment, 
and none died in the control group. Median duration of carfilzomib 
maintenance was 16.9 months (range 0.7 - 41.3 months). Dose of 
carfilzomib was escalated to full dose (56 mg/sqm) in 73 patients 
(89%). Adverse events led to dose reduction or discontinuation of 
carfilzomib or dexamethasone in 25 (30.5%) patients and 20 (23.3%) 
patients respectively (Table S2). We observed no between-group 
difference in HRQL (EORTC QLQ-C30 GHS/QOL subscale) during 
the 2-year follow-up period (between-group mean difference 2.24 
(95% CI −1.61 to 6.09; P = .255)).

4  | DISCUSSION

This trial shows that CAR-CY-DEX induction before salvage ASCT 
and CAR-DEX maintenance is a feasible and efficacious treatment 
option in patients with recurrent multiple myeloma after upfront 

ASCT. The quality of response after CAR-CY-DEX induction therapy 
was similar to the quality of response obtained after the initial in-
duction therapy despite that most patients had received previous 
bortezomib-containing induction regimes. Incorporation of a potent 
proteasome inhibitor into the induction treatment is therefore an 
appealing option. The quality of response further improved after 
salvage ASCT, although less pronounced than after upfront ASCT. 
We observed a shorter duration of response after salvage ASCT 
compared with upfront ASCT, which is a common observation in 
salvage ASCT studies.4-6,8,9 The TTP observed in the CARFI study 
was longer than reported in most other studies on salvage ASCT.4-9 
However, comparison of studies is difficult due to heterogeneity of 
study populations, including the length of response to the first ASCT 
as an important predictor of length of response to salvage ASCT.3-5

High-dose melphalan in ASCT is the only setting in current my-
eloma treatment where a single drug is used and a pending ques-
tion is whether the effect of this conditioning regimen might be 
enhanced by adding other agents in pursuit of synergistic effects. 
A case-matched study has indicated potential effect of bortezomib 
when combined with high-dose melphalan, and synergy between 
proteasome inhibitors and melphalan has been pursued in other 
settings.23,24 Carfilzomib was administered on day −2 and −1 in the 
CARFI study but the design of the trial did not permit a formal evalu-
ation of the effect of adding carfilzomib to high-dose melphalan. Our 
data do not indicate any increase in adverse events or complications 
following salvage ASCT. Furthermore, the use of carfilzomib with 
high-dose melphalan did not affect bone marrow regeneration, and 
the faster neutrophil recovery after salvage ASCT may be attributed 
to more consistent use of G-CSF in recent years. Our confirmation of 
the feasibility of concomitant high-dose melphalan and carfilzomib 
extend the findings from the small phase 1/2 study by Costa et al, 
where carfilzomib was given on day −3 og −2 before ASCT, although 
the study included a mixture of patients treated with first-time ASCT 
after several previous treatments and salvage ASCT as defined in 

TA B L E  2   Response after induction and ASCT

Induction
After induction before upfront 
ASCT (N = 200)

After CAR-CY-DEX induction 
(N = 200)

After upfront ASCT 
(N = 200)

After salvage 
ASCT (N = 168)

sCR 2 (1%) 4 (2%) 13 (7%) 19 (11%)

CR 22 (11%) 14 (8%) 52 (26%) 19 (11%)

VGPR 69 (35%) 71 (38%) 95 (48%) 82 (49%)

PR 89 (45%) 80 (43%) 37 (19%) 45 (27%)

SD 11 (6%) 11 (6%) 2 (1%) 2 (1%)

PD 1 (<1%) 3 (2%) 0 0

Unable to asses 3 (2%) 3 (2%) 1 (1%) 0

Unknown 3 14 0 1

Note: Data are n (%).
Abbrevaitions: ASCT, high-dose melphalan with autologous stem-cell transplantation; CAR-CY-DEX, carfilzomib-cyclophosphamide-dexamethasone; 
sCR, stringent complete remission; CR, complete remission; VGPR, very good partial response; PR, partial response; SD, stable disease; PD, 
progressive disease.
Response to induction before upfront ASCT versus CAR-CY-DEX induction (not significant). Response after upfront ASCT versus response after 
salvage ASCT (P = .04).

F I G U R E  2   Kaplan–Meier analysis of TTP from randomisation in 
the carfilzomib-dexamethasone maintenance group and the control 
group
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our study.15 The potential favourable impact of this dual treatment in 
salvage ASCT remains to be assessed in randomised trials.

The toxicity observed during CAR-CY-DEX induction and follow-
ing the subsequent salvage ASCT were comparable with the level of 
adverse events reported in other studies and particular the risk of 
cardio-toxicity was in line with other studies.6,7,16,25,26 The all-cause 
day 100 mortality after salvage ASCT in our study was 1.1% which is 
in accordance with the day 100 mortality of 0 to 5% found in other 
salvage ASCT studies.5,8,25

To the best of our knowledge, this study is the first published 
randomised prospective study on maintenance treatment following 
salvage ASCT. We found that the use of carfilzomib and dexameth-
asone prolonged TTP with approximately 8 months and our study 
provides a number of interesting data on the use of carfilzomib in 
this setting. The benefit in TTP for carfilzomib-dexamethasone 
maintenance compared with no maintenance was in general consis-
tent across different subgroups, including cytogenetic status. This 
observation is consistent with the recently published MUKfive study 
where carfilzomib maintenance was associated with an approximate 
increase of 6 months in PFS compared with no maintenance in pa-
tients treated with CAR-CY-DEX at first relapse.26 In contrast to our 
study the MUKfive study did not include consolidation with salvage 
ASCT or use of dexamethasone in the maintenance phase. Notably, 
the MUKfive study also found that carfilzomib maintenance was 
efficacious in several subgroups, including high-risk genetic abnor-
malities. Another interesting observation in our trial was the simi-
lar TTP after upfront treatment and salvage treatment in patients 
randomised to carfilzomib-dexamethasone maintenance which indi-
cates that continued treatment with a proteasome inhibitor might 
overcome the known inferior response duration of salvage ASCT 
compared with upfront ASCT.4,5,8

The number of adverse events in patients on carfilzomib-
dexamethasone maintenance was higher than in the control group 
but was in general lower than reported in previous clinical trials on 
carfilzomib.16,17 In addition, the occurrence of cardio-pulmonary ad-
verse events was low compared with other studies.16,18 It is proba-
bly due to the relatively low cumulative dose of carfilzomib in the 
maintenance phase compared with standard carfilzomib-containing 
regimes and selection of patients by completing the carfilzomib-
containing induction phase and fulfilling the eligibility criteria for 
salvage ASCT. We observed some adverse events clearly related to 
the concomitant administration of dexamethasone, for example two 
cases of avascular necrosis of the femoral head, and it also plausi-
ble that dexamethasone has contributed to the two cases of sep-
ticaemia observed in the maintenance group. The use of steroid in 
combination with carfilzomib has probably also contributed to the 
effect observed in the maintenance group. It was inspired by a phase 
2 study showing that addition of dexamethasone to single-agent 
carfilzomib improved response in patients, who did not achieve par-
tial response with single-agent carfilzomib within the first few cy-
cles.27,28 However, these adverse events raise the question whether 
the dose of dexamethasone could be lower or in fact be omitted.

We noticed dropout of a few patients before the randomisation 
between carfilzomib/dexamethasone maintenance and observation, 
and a minor fraction of patients withdrew their consent during the 
maintenance, which did not seem to relate to progression or side ef-
fects. It may reflect the inconvenience of parenteral administration 
of carfilzomib demanding visits to hospitals or outpatient clinics. This 
observation is consistent with the study by Costa et al where three 
of 27 patients withdrew their consent during maintenance therapy.15 
Despite this lack of adherence to maintenance treatment in a few 
patients, it is noteworthy that we did not observe any difference in 

F I G U R E  3   Subgroup analyses of 
TTP in the carfilzomib-dexamethasone 
maintenance group and the control group. 
Hazard ratios lower than 1 indicate lower 
risk of progression in the maintenance 
group compared with the control group. 
Subgroups were defined according 
to baseline characteristics. The I bars 
represent 95% confidence intervals. ISS 
denotes the International Staging System. 
High-risk cytogenetics was defined as 
t(4;14), t(14;16) or del(17p)
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Global Health Status/Quality of Life between the maintenance and 
control group, and we noticed that more patients in the maintenance 
group improved their response.

One limitation of our study is the lack of lenalidomide mainte-
nance after upfront ASCT. This exclusion criterion was applied to 
standardise the study cohort since lenalidomide maintenance was 
not approved at the time of the study and infrequently used in 
the Nordic countries and Lithuania prior to and during the study. 

Lenalidomide maintenance treatment was first approved by the 
European Medicines Agency (EMA) in January 2017 and later reim-
bursed in the Nordic countries, for example August 2019 in Denmark. 
It limits the generalisability of the results because maintenance after 
upfront ASCT is today considered standard of care. However, a large 
part of current patients with multiple myeloma have not received 
lenalidomide maintenance after their upfront ASCT and our results 
are applicable for this group. In addition, the missing lenalidomide 

TA B L E  3   Most common adverse events in the carfilzomib-dexamethasone maintenance group and the control group

Carfilzomib-dexamethasone maintenance group 
No = 82 Control group No = 86

Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Haematologic events

Anaemia 47 (57%) 1 (1%) 0 38 (44%) 0 0

Thrombocytopenia 24 (29%) 0 0 18 (21%) 1 (1%) 1 (1%)

Neutropenia 24 (29%) 2 (2%) 1 (1%) 23 (27%) 3 (3%) 1 (1%)

Cardiac and pulmonary

Atrial fibrillation 1 (1%) 0 0 1 (1%) 0

Hypertension 12 (15%) 3 (4%) 0 2 (2%) 1 (1%) 0

Dyspnoea 17 (21%) 2 (2%) 1 (1%) 9 (10%) 1 (1%) 0

Gastrointestinal

Nausea 16 (20%) 3 (4%) 0 3 (3%) 3 (3%) 1 (1%)

Diarrhoea 16 (20%) 1 (1%) 0 16 (19%) 0 0

Constipation 3 (4%) 0 0 4 (5%) 0 0

Bacterial infections

Pneumonia 2 (2%) 10 (12%) 0 0 8 (9%) 0

Other respiratory tract infection 4 (5%) 5 (6%) 0 1 (1%) 5 (6%) 0

Septicaemia 0 0 2 (2%) 0 0 0

Urinary tract infection 1 (1%) 1 (1%) 0 0 3 (3%) 0

Gastrointestinal track infections 0 3 (4%) 0 0 0 0

Fever without focus 2 (2%) 5 (6%) 0 2 (2%) 7 (8%) 0

Misc infections 1 (1%) 1 (1%) 0 2 (2%) 1 (1%) 0

Viral infections

Influenza 3 (4%) 3 (4%) 0 0 1 (1%) 0

RSV infection 2 (2%) 2 (2%) 0 0 2 (2%) 0

Herpes zoster 8 (10%) 0 0 14 (16%) 0 0

Misc. infections 0 1 (1%) 0 1 (1%) 0 0

Other adverse events

Mood alteration 16 (20%) 1 (1%) 1 (1%) 5 (6%) 0 0

Fatigue 10 (12%) 0 0 6 (7%) 0 0

Insomnia 10 (12%) 0 0 0 0 0

Pain 17 (21%) 0 0 18 (21%) 0 0

Adenocarcinoma 0 1 (1%) 1 (1%) 0 0 0

Avascular necrosis of the femoral 
head

0 2 (2%) 0 0 0 0

Thrombosis 0 1 (1) 0 0 0 0

Note: Data are n (%). The table includes adverse events that occurred in at least 10% of patients or were of clinical interest. The adverse events were 
recorded from date of randomisation.
Abbreviation: RSV, respiratory syncytial virus.
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maintenance is not likely to affect the comparison of carfilzomib-
dexamethasone maintenance and observation after salvage ASCT in 
this study. Another limitation is the use of TTP instead of PFS. This 
outcome was chosen for the sake of the primary end point comparing 
the upfront ASCT with the salvage ASCT because the immortality of 
the patients in the retrospective period renders PFS unsuitable. TTP 
was therefore chosen as general outcome measure including main-
tenance after salvage ASCT. We only observed one death during the 
maintenance phase and the difference between TTP and PFS was 
therefore negligible.

In conclusion, CAR-CY-DEX induction followed by salvage ASCT 
was feasible, tolerable and with a prospect of obtaining a long-term 
treatment response. Maintenance therapy with carfilzomib and 
dexamethasone after salvage ASCT prolonged TTP with 8 months, 
and the maintenance treatment was in general well-tolerated with 
manageable toxicity.
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