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Outcomes of relapse in patients with deferred autologous
stem cell transplant after achieving at least very good partial
response following bortezomib, adriamycin, dexamethasone
chemotherapy for newly diagnosed multiple myeloma in the
phase II PADIMAC trial

Current Phase III trials demonstrate the benefit of up-front
autologous stem cell transplant (ASCT) as standard of care
for transplant-eligible newly diagnosed patients with multiple
myeloma.1–3 Deeper responses and achievement of minimal
residual disease (MRD) negativity with current triplet and
quadruplet treatments4 has questioned timing and role of
ASCT with deferral being preferable for some.5,6 Long-term
analysis of the EMN02 trial shows that high-risk patients
gain most survival benefit from up-front ASCT3 and such
risk-stratified approach to ASCT with standard risk patients
receiving deferred ASCT, may be acceptable.7 We previously
reported primary results of the Phase II PADIMAC trial,
which demonstrated a median progression-free survival
(PFS) of 170 months [95% confidence interval (CI): 105–
232] for 63 patients who achieved a very good partial
response (VGPR) or better post induction and stopped treatment until disease progression.8 MRD-positive patients at
day 100 had a median PFS of 99 months (95% CI: 58–
232) compared to 248 months (95% CI: 183–342) for
MRD-negative patients. Concerns with a deferred front-line
ASCT strategy include whether patients are then able to
receive ASCT at relapse and if delaying ASCT is detrimental
to their long-term outcomes. Here we report outcomes of
patients who, having achieved at least VGPR to first-line
induction therapy, followed a deferred ASCT strategy and
subsequently relapsed. We describe salvage treatments and
their efficacy after long-term follow-up.
Sixty-three (412%) of 153 newly diagnosed transplant-eligible patients enrolled on the PADIMAC trial8 (Methods S1)
achieved at least VGPR to induction and received no further
treatment until disease progression. After a median follow-up
of 722 months, 55 (873%) have relapsed and 24 (381%)
have died; 32 patients (508%) are alive following disease
progression and 7 (111%) are alive and progression-free. Of
relapsed patients who started treatment (n = 52), 34 (654%)
proceeded to salvage ASCT, 28 after one therapy line, with
three receiving second ASCT after further relapse. Eighteen
(346%) did not proceed to ASCT due to entry into a clinical
trial or patient/physician choice (n = 8), frailty and significant co-morbidities (n = 5), inadequate or no response to
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salvage treatment (n = 4) and loss to follow-up (n = 1).
Induction regimens prior to salvage ASCT were: 588% (20/
34) proteasome inhibitor-based and 412% IMid-based (14/
34) (Table SIA). For those not receiving ASCT, treatments
were: 556% (10/18) proteasome inhibitor-based and 444%
(8/18) IMid-based.
Overall response rate (ORR) after ASCT was 960% [stringent complete response (sCR) 4, CR 11, VGPR 7, PR 2,
stable disease (SD) 1, not known 9]. For those not receiving
salvage ASCT, ORR was 750% [CR 4, VGPR 6, PR 2, SD 1,
progressive disease (PD) 3, not known 2]. Patients who
received salvage ASCT progressed slightly earlier [median
12.1 months (95% CI: 58198) vs. 16.4 months (95% CI:
72311)] but had slightly longer second PFS [median 17.7
months (95% CI: 150–254) vs. 12.2 months (95% CI: 39–
186)], resulting in similar PFS2 [median 40.9 months (95%
CI: 279–594) vs. 40.6 months (95% CI: 166–630)]. There
was weak evidence that post-relapse survival was longer for
those receiving ASCT [four-year rate 578% (95% CI: 373–
737) vs. 294% (95% CI: 63–581)] and suggestion towards
longer OS [four-year rate 733% (95% CI: 549–851) vs.
592% (95% CI: 327–782)] (Fig 1).
Salvage ASCT patients were younger (median 525 vs.
605 years, p = 001); however, no difference in gender, performance status, ISS (international staging system) stage, r-ISS
(revised ISS) stage, isotype, cytogenetic risk, or MRD status at
peripheral blood stem cell harvest (PBSCH) or D100 (Table I)
was observed. Time-to-next-treatment from first-line was similar for receiving salvage ASCT or not [median 17.9 months
(95% CI: 97–250) vs. 22.0 months (95% CI: 133–345);
Fig S1]. Of 34 patients who had salvage ASCT, 26 (765%)
subsequently relapsed, and 23 (885%) of these started additional therapy (one died, two had not restarted). Of 18
patients who did not receive salvage ASCT, 12 (667%) had
further relapse (one died, one developed secondary malignancy, one lost to follow-up, three had not relapsed), and 10
(833%) of these started subsequent therapy (Table SIB).
We report long-term outcomes of patients who achieved
at least VGPR to induction and deferred ASCT. All patients
accessed treatment at first relapse; however only two-thirds
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Fig 1. Outcomes by ASCT versus no-ASCT group. ASCT, autologous stem cell transplant; CI, confidence interval; HR, hazard ratio; OS, overall
survival; PBSCH, peripheral blood stem cell harvest; PFS, progression-free survival; PRS, post-relapse survival.

(654%) received salvage ASCT, main reasons being
patient/physician choice or frailty. If planning deferred ASCT
the patient should be counselled that a significant proportion
may not subsequently receive ASCT. Given patients were not
randomised between salvage ASCT or not at relapse, we
acknowledge potential confounders could have influenced outcomes; nevertheless we observed weak evidence for differences
in long-term outcomes with lower risk of second PFS, post-relapse survival (PRS) and OS in the ASCT group. Despite this,
PFS2 was similar, suggesting that non-ASCT salvage regimens
were effective in disease control, though response rates were
lower. Whilst all relapses were collected during patient followup on trial, response to subsequent treatments was collected
retrospectively and some data are missing.
The EMN02 trial reported 63% of patients proceeding to
ASCT after deferral.9 The 75-month survival estimate was
69% in up-front vs. 63% deferred [hazard ratio (HR) = 081,
p = 003]. Those with high-risk cytogenetics, particularly 17p
positivity, benefitted most from ASCT.1 The IFM2009 trial10
reported higher rates of 79% proceeding to ASCT at first
relapse. Main reason for not proceeding was disease refractoriness. At median 93-month follow-up, similar eight-year
OS of 622% in up-front ASCT vs. 602% (HR=103,
p = 081) was reported.3 Of patients who received pomalidomide, cyclophosphamide and dexamethasone (PCD) at first
relapse,11 94% (45/48) proceeded to salvage ASCT although
patients recruited at relapse were likely fitter to proceed to
ASCT. In a large cohort study, 767% (66/86) patients who
relapsed after front-line treatment with a deferred ASCT
went on to a salvage ASCT.7 Median PFS of 1435 months
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achieved in standard risk and at least VGPR response-selected patients who did not progress, reflects that a risk-stratified approach is acceptable using current consolidation and
maintenance strategies.
We demonstrate approximately one-third of patients in
the PADIMAC trial planned for a deferred ASCT did not
receive it at relapse, and present long-term outcomes for
both groups. The proportion of patients proceeding to salvage ASCT reflects that reported in other studies. When considering an up-front versus deferred ASCT approach, it is
important to recognise that a significant number of patients
may not in fact receive salvage ASCT at relapse.
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Table I. Patient characteristics by no-ASCT and ASCT group.
Patient characteristics

no ASCT (n = 18)

ASCT (n = 34)

Total (n = 63*)

Age (years; median, range), p = 001
Sex, p = 077
Female
Male
Performance status (n = 62), p = 028
0
1
2
3
Isotype, p = 068
IgA
IgG
Light chain only
FISH results (n = 56), p = 047
Standard risk
Adverse risk
ISS stage (n = 62), p = 056
I
II
III
R-ISS stage (n = 61), p = 080
I
II
III
MRD at PBSCH (n = 50), p = 070
Negative
Positive
MRD at Day 100 (n = 50), p > 099
Negative
Positive
Response rate to first line salvage therapy (n = 41), p = 007
Overall response
No response

605 (43–71)

525 (31–67)

550 (31–71)

8 (444%)
10 (556%)

13 (382%)
21 (618%)

29 (460%)
34 (540%)

14
16
1
2

25
29
4
4

5
8
3
2

(278%)
(444%)
(167%)
(111%)

(424%)
(485%)
(30%)
(61%)

(403%)
(468%)
(65%)
(65%)

8 (444%)
8 (444%)
2 (111%)

11 (32,4%)
19 (559%)
4 (118%)

20 (317%)
35 (556%)
8 (127%)

11 (688%)
5 (313%)

26 (813%)
6 (188%)

44 (786%)
12 (214%)

5 (278%)
7 (389%)
6 (333%)

7 (212%)
18 (545%)
8 (242%)

16 (258%)
29 (468%)
17 (274%)

4 (222%)
12 (667%)
2 (111%)

5 (156%)
22 (688%)
5 (156%)

11 (180%)
40 (656%)
10 (164%)

4 (444%)
5 (556%)

11 (344%)
21 (656%)

18 (360%)
32 (640%)

5 (357%)
9 (643%)

11 (379%)
18 (621%)

18 (360%)
32 (640%)

12 (750%)
4 (250%)

24 (960%)
1 (40%)

36 (878%)
5 (122%)

FISH, fluorescence in situ hybridization; ISS, international staging system; R-ISS, revised international staging system; MRD, minimal residual disease; PBSCH, peripheral blood stem cell harvest.
*Thirty-four patients had ASCT post relapse, 18 no ASCT post relapse, and 11 were excluded from ASCT versus no ASCT analyses (seven had
not relapsed, three had relapsed but not started salvage, one patient had off-trial ASCT prior to relapse).
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Additional supporting information may be found online in
the Supporting Information section at the end of the article.
Fig S1. Time to next treatment by ASCT versus no-ASCT
group.
Table SI. Table of salvage treatment received.
Methods S1. Supplementary Methods.
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