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Tailored treatment to MRD
response: A phase I/II study
for newly diagnosed multiple
myeloma patients using high
dose twice-weekly carfilzomib
(45 and 56 mg/m2) in
combination with
lenalidomide and
dexamethasone

To the Editor:

Newly diagnosed multiple myeloma (NDMM) patients who achieve

and sustain minimal residual disease (MRD) negative complete

response/stringent complete response (CR/sCR) demonstrate clinical

benefit with prolonged progression-free survival and overall survival.1

In this phase I/II clinical trial, we investigated twice weekly high doses

of carfilzomib (45 and 56 mg/m2) in combination with lenalidomide

and dexamethasone. We also explored the prevailing doctrine of fixed

number of cycles of induction therapy by integrating MRD testing into

the clinic to guide the total number of cycles delivered during induc-

tion therapy. To our knowledge, this is the first trial reporting results

that fully incorporate MRD testing into a clinical decision-making

algorithm for NDMM.

We conducted a single center phase I/II clinical trial investigating

high doses of twice-weekly carfilzomib in combination with

lenalidomide and dexamethasone NDMM patients. The study (NCT

02937571) was approved by Memorial Sloan Kettering Institutional

Review Board. Phase I consisted of a standard 3 + 3 schema design

based on dose-limiting toxicities occurring in cycle one. Phase II used

a Simon's optimal two-stage design at the MTD dose to determine

proportion of patients achieving CR/sCR MRD negativity within

12 cycles (CR/sCR MRD-negative unpromising rate 20% and promis-

ing rate 45%). Treatment consisted of 28-day cycles with carfilzomib

20/45 mg/m2 or 20/56 mg/m2 on days 1, 2, 8, 9 15 and 16;

lenalidomide 25 mg on days 1–210 and dexamethasone 40 mg weekly

(cycles 1–4) then 20 mg weekly (after cycle four). Patients achieving

CR/sCR (defined by IMWG 2016 criteria) underwent MRD testing.

Patients achieving MRD-negative status received two additional

cycles from conversion time and ceased further protocol therapy,

while patients with less than an MRD-negative response continued

therapy until treatment completion (max 12 cycles), disease progres-

sion, or unacceptable toxicity. Patients deemed eligible for autologous

hematopoietic cell transplantation (AHCT) underwent stem cell collec-

tion after six cycles, and then continued with therapy. Decision about

AHCT and maintenance was deferred until after completion of proto-

col therapy. Multiparametric flow cytometry MRD assessments were

performed on the first pull of each aspirate in a single 10-color tube

with a limit of detection of at least 6x10−6 (ie, three cells in 1 million)

with at least 3 million cell acquisitions.2

Between October 2016 and June 2018, 29 patients with NDMM

gave consent and enrolled in the study. Data cutoff was May

14, 2020. Baseline on the 29 patients in demographics are outlined

(online Appendix S1, Figures S1–S3, Tables S1 and S2). Nine patients

were treated in the phase I portion of the trial (3 - KRd-45 and 6 -

KRd-56). In the phase I portion, no DLTs occurred and the MTD of

56 mg/m2 of twice-weekly carfilzomib was further investigated. An

additional 20 patients [eight patients stage one + 11 patients stage

two + one patient withdrew consent] were enrolled and treated with

KRd-56 in phase II. One patient withdrew consent after one cycle of

therapy was evaluable for toxicity, and 28 patients were evaluable for
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toxicity and response. The median follow-up for the study was

36.7 months (95% CI: 27.6–39.8 months). In phase 1, no DLTs

occurred in KRd-45 or KRd-56 dose level cohorts within first cycle.

The most common grade 3/4 hematologic treatment related adverse

events (TRAE) was lymphopenia 7(24%) and the most common grade

3/4 non-hematologic TRAE was electrolyte abnormalities 10 (34%)

(Figure 1A). Thirteen serious adverse events occurred: seven (24%)

infections, one (3%) atrial fibrillation, one (3%) non-ST elevation myocar-

dial infarction (NSTEMI), one (3%) thromboembolic, one (3%) decreased

ejection fraction, one (3%) gastrointestinal perforation, and one (3%)

severe constipation. All grade cardiac TRAE was 17% with serious grade

3/4 at the following: atrial fibrillation two (6%), NSTEMI myocardial

infarction one (3%), and decreased ejection fraction one (3%).

Best responses at MTD dose level KRd-56 were CR/sCR MRD-

negative 12/25 (48%; 95% CI: 0.28–0.69), CR/sCR MRD unconfirmed

1/25 (4%; 95% CI: 0–0.2), VGPR 10/25 (40%; 95% CI: 0.21–0.61), PR

2/25 (8%; 95% CI: 0.01–0.26), ORR 25/25 (100%; 95% CI: 0.86–1.0),

and ≥VGPR serum response with MRD-negative bone marrow 15/25

(60%; 95% CI: 0.39–0.79) (Figure 1B). The median number of cycles

for patients to achieve CR/sCR MRD-negative status were eight

(range, 2–12), and median number of cycles delivered to the CR/sCR

MRD-negative group were 10 (range, 2–12). Median PFS for both

KRd-56 and combined cohorts were not reached while 36-month PFS

rates were 73% (95% CI: 55%-96%) for KRd-56 and 77% (95% CI:

60%-97%) for combined. Median OS was not reached for KRd-56

cohort or combined cohorts. Additionally, with high-risk disease being

defined as R-ISS III or unfavorable cytogenetics, 36-month PFS was

84% (95% CI: 66%-100%) standard-risk vs 50% (95% CI: 22%-100%)

high-risk in KRD-56 cohort (P = .07) and 87% (95% CI: 72%-100%)

standard-risk vs 50% (95% CI: 22%-100%) high-risk in combined

cohorts (P = .03). In comparing outcomes between CR/sCR MRD-nega-

tive patients and all others, 24-month PFS in a one-year landmark analy-

sis was 89% (95% CI: 0.71–1) vs 64% (95% CI: 0.38–1) for KRd-56

cohort (P = .3). For individual dosing cohorts and both combined dosing

cohorts, the median duration of MRD-negative response sustained in

the bone marrow was not reached. At the post-induction 12-month

MRD time point, 11/13 (85%) CR/sCR MRD-negative patients remain

MRD-negative sustained or clinically sustained in a CR/sCR serological

response, while 2/13 (15%) CR/sCR MRD-negative patients converted

to MRD positivity before meeting criteria for progressive disease

(PD) (Figure 1C). Among three patients that were VGPR MRD-negative

at end of induction, two patients seroconverted to CR/sCR and remain

MRD-negative at the 12-month follow-up mark (patient two and five),

while one patient turned MRD-positive at 12-month time-point before

having PD (patient 13). For the six patients who were MRD-positive at

the conclusion of induction therapy, two remain MRD-positive at the

12-month MRD time-point, two patients seroconverted to CR/sCR

from VGPR (MRD uncertain), and two patients sustained their MRD-

positive response at the 12-month MRD time-point before PD.

In this phase I/II study, we found KRd-56 to be tolerable and

effective in NDMM patients. The overall toxicity profile of KRd-45

and KRd-56 was comparable to KRd-36 regimens3 with an all-grade

cardiac TRAE of 17% and grade 3/4 of 3%-6%, similar to previously

described all-grade at 18.1% and grade 3/4 at 8.2%.4 The KRd-56 reg-

imen yielded a CR/sCR MRD-negative rate of 48% and a ≥VGPR

MRD-negative rate of 60%, meeting primary endpoint and similar to

KRd-36 regimens with and without AHCT.3,5 As an exploratory

approach, our study took an alternative strategy to the existing frame-

work of a fixed number of cycles followed by upfront AHCT by deliv-

ering personalized tailored number of cycles based on MRD response

and delaying the timing of AHCT. The MRD status directed induction

is supported by the observation in the IFM 2009 study that NDMM

patients achieving MRD-negative disease status (10−6) receiving RVd

combination therapy followed by maintenance irrespective of upfront

or delayed AHCT showed no difference in OS6. Ongoing studies, such

as the FORTE trial (NCT02203643), are currently investigating out-

comes between four cycles of KRD-AHCT-4 cycles of KRD and12

KRD cycles, but treatment assignments in this study are independent

of MRD responses. We found that the median number of cycles deliv-

ered to patients achieving CR/sCR MRD-negative status was eight

cycles (range, 2–12), higher than the usual four cycle limit threshold

followed by immediate AHCT and notably ranging in a wide number

of cycles needed to achieve MRD negativity. This highlights the indi-

vidualized nature of disease response. Our study capped maximum

number of cycles at 12. While it is unclear if additional therapy would

have further deepened response rates, we found that three patients

converted from VGPR to CR/sCR during maintenance. Accordingly,

most patients went onto maintenance therapy and inferior PFS was

not observed. The PFS outcomes were similar between MRD-

negative and MRD-positive response groups, possibly due to short

follow-up or lack of consistency in post-trial therapies. For high-risk

disease, 36-month PFS favored standard-risk disease patients. Admit-

tedly, it is unclear whether obtaining a simple MRD-negative response

after induction therapy is an optimal strategy for decision making in

the high-risk disease setting due to rapidly evolving kinetics. Perhaps

MRD surveillance is particularly relevant in high-risk disease patients

and these patients should be considered for intensification regardless

of MRD status. Although numbers are limited, this is highlighted in

our study by five out of seven high-risk cytogenetic patients achieving

CR/sCR MRD negativity during induction but durability only lasted in

two patients (one-AHCT and one-ixazomib-lenalidomide therapy

post-induction) and the other two high-risk disease CR/sCR MRD-

negative patients clinically progressed after lenalidomide maintenance

(one dropped out). Despite these observations, an MRD response-

adapted approach demonstrated 36-month PFS rates at 73% (95% CI:

55%-96%) for KRd-56 and 77% (95% CI: 60%-97%) for combined

dosing cohorts, similar to published studies of 50%-80% PFS at

36 months.3,5 At current follow-up, median PFS was not reached

using an MRD response adapted approach, and approximately 85%

remained CR/sCR and/or MRD-negative sustained at the post-

12 month MRD follow-up time-point. By way of this unique proof-

in-concept trial design, we demonstrated the safety and efficacy of

KRd-56 as an induction regimen for NDMM, yielding high rates of

MRD negativity while examining the role of MRD testing into clinical

management. Future work needs to be done to validate MRD

response adapted approaches and sustainability in clinical practice.
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