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Abstract

Over the past decade, use of novel agents, including immunomodulatory drugs (IMiDs) and 

proteasome inhibitors (PIs) has resulted in high response rates and improvement in overall survival 

(OS) for patients with multiple myeloma (MM); however, the prognostic significance of 

refractoriness to these agents when used as initial therapy has not been extensively studied. We 

reviewed the outcomes of 816 consecutive patients treated for MM at our institution since 2006 to 

evaluate the survival difference between those achieving at least a partial response (PR) to 

induction therapy and those who were primary refractory. The median OS from start of therapy 

was significantly shorter for the primary refractory group at 3.6 years vs 7.6 years for the 

responding patients (P < 0.001). The difference in median OS persisted when only patients 

receiving a novel agent as part of induction therapy were considered (3.6 years vs 7.9 years, P < 

0.001) and in a four-month landmark analysis (4.2 years vs 7.6 years, P < 0.001). The median OS 

for patients achieving a complete response (CR), very good partial response (VGPR), PR, or less 

than PR was not reached (NR), 6.1, 6.4, and 4.2 years from the four-month landmark, respectively 

(P < 0.001). The comparatively poor outcomes of patients refractory to induction therapy in the 

current era of novel agents suggests that this high-risk sub-population must be further studied for 

predictors of resistance and, when identified, should be targeted for clinical trials.
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INTRODUCTION

The treatment landscape for multiple myeloma (MM) has changed dramatically in the past 

decade with introduction of new drug classes such as immunomodulatory drugs (IMiDs) and 

proteasome inhibitors (PIs), and widespread use of high-dose therapy and autologous stem 
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cell transplant (ASCT). The impact of novel agents has been evident in all phases of the 

disease, and has been particularly noticeable in the response to initial therapy. Whereas 

conventional therapies were associated with response rates only slightly better than 50%, 

novel agents have made it possible for an increasing number of patients to achieve complete 

response (CR) prior to ASCT [1–5]. Rapid and effective control of the disease, along with 

reversal of myeloma-related complications such as renal insufficiency, has been instrumental 

in the improvement of overall survival (OS). Despite the efficacy of these drugs, a small 

proportion of patients fail to achieve at least a partial response to initial therapy, and are 

considered to have primary refractory disease. The prognostic relevance of response to 

induction therapy is a subject of debate, with several early studies showing an absence of 

benefit among primary responders [6–10]. This has been further observed in the context of 

high-dose therapy and ASCT, suggesting that this approach may be able to overcome 

resistance to conventional therapies. These previous reports were generated prior to common 

use of IMiDs and PIs, and therefore, the impact of novel therapies has not been fully 

considered. In this study, we evaluated patients treated at our institution after 2006 to 

determine whether the degree of response to initial therapy altered outcomes in the era of 

novel agents.

METHODS

Patients

Relevant demographic, clinical, and laboratory characteristics of patients treated for MM at 

the Mayo Clinic (Rochester, MN) are maintained in a research database that is continuously 

updated by providers. When patients are followed-up at outside institutions, annual letters 

are sent to patients requesting updates regarding disease status. For the purpose of this 

analysis, we identified all consecutive patients with newly diagnosed MM who were seen at 

the Mayo Clinic within 30 days of diagnosis and started treatment between January 1, 2006 

and May 31, 2014. For evaluable patients, initial and subsequent regimens were recorded, 

along with corresponding start and end dates. Other clinical and laboratory variables were 

collected from the medical records. The study was conducted with the approval of the Mayo 

Clinic Institutional Review Board.

Disease definitions

Best response to initial treatment regimen was determined based on the criteria defined by 

the International Myeloma Working Group (IMWG) [11,12]. Patients were considered 

primary refractory if they only achieved stable disease (SD) or progressive disease (PD) with 

front-line treatment. High-risk FISH was defined as the presence of del17p, t(4;14), t(14;16), 

or t(14;20).

Statistical analysis

Statistical analyses were performed using JMP 10.0.0 (SAS Institute Inc., Cary, NC). 

Kaplan-Meier curves were generated for analyzing OS, and the log-rank test was used to 

compare survival curves [13]. Two-sided Fisher exact tests were used to compare differences 

between nominal variables, and the Mann-Whitney U test or the Kruskal-Wallis test was 

used for comparison of continuous variables. The significance level was considered to be 
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less than 0.05. Multivariable analyses were performed using the Cox proportional hazards 

model. In order to diminish the impact of responder analysis, additional landmark analyses 

were performed including only patients with a follow-up of at least four months from start of 

treatment.

RESULTS

Patient characteristics

Between January 1, 2006 and May 31, 2014, 816 patients with newly diagnosed MM were 

seen at the Mayo Clinic and had consented to use of their medical records. The median age 

of the study cohort was 67 years (range, 29 to 93 years), with 56% older than age 65. The 

median age of the primary refractory group was 67 years (range, 32 to 88 years) and the 

median age of the primary responder group was 65 years (range, 29 to 93 years). Fifty-nine 

percent of patients in the entire cohort were male. The median estimated follow up for the 

entire cohort was 4.6 years (95% CI; 4.3, 4.9); 331 (41%) were alive at the time of analysis. 

Laboratory characteristics at diagnosis are presented in Supplementary Table 1. Overall, 754 

(92%) patients had received an IMiD, a PI, or both as part of their initial therapy; the 

distribution of induction chemotherapy regimens is provided in Table 1. Of the 62 patients 

who did not receive a novel agent with induction, 44 (71%) received additional 

chemotherapy and were evaluable in our study. Of these 44 patients, 42 (95%) received a 

novel agent as part of second line therapy.

Response to initial therapy and outcomes

Best response to initial treatment could be assessed in 669 (82%) patients. Of these, 122 

(18%) achieved CR, 134 (20%) very good partial response (VGPR), and 301 (45%) partial 

response (PR). The remaining 112 (17%) patients were primary refractory, with 100 (15%) 

achieving SD and 12 (2%) with PD to initial therapy. Primary refractory disease was seen in 

16% of those receiving a novel agent, compared with 28% of those not receiving a novel 

agent (P < 0.01).

The median OS for the cohort was 5.7 years (95% CI; 5.2, 6.3) from start of initial therapy. 

The median OS from start of therapy was significantly shorter for the primary refractory 

group at 3.6 years (95% CI; 2.8, 4.8) compared with 7.6 years (95% CI; 6.0, 8.6) for the 

responding patients (P < 0.001, Figure 1A). Among the 605 evaluable patients receiving an 

IMiD or PI as part of the initial therapy, the median OS for the primary refractory group was 

3.6 years (95% CI; 2.8, 4.9) compared with 7.9 years [95% CI; 6.4, not reached (NR)] (P < 

0.001, Figure 1B). Given the potential biases inherent to responder vs non-responder studies, 

we performed a landmark analysis of the cohort at four months from the start of treatment 

[14]. The decision to perform the landmark analysis at four months was based on the typical 

duration of initial therapy in patients undergoing early ASCT. Although this study was not 

limited to only those undergoing ASCT, this time point provided sufficient time for 

assessment of response to frontline therapy, and diminished the impact of those experiencing 

early mortality on therapy. Among the 660 patients evaluable at this time point, the median 

OS for primary refractory patients was 4.2 years (95% CI; 2.9, 4.9) compared with 7.6 years 

(95% CI; 6.0, 8.6) (P < 0.001, Figure 2A). We also examined the outcomes based on 
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response depth, again using the landmark at four months. The median OS for patients 

achieving a CR, VGPR, PR or less than PR was NR, 6.1, 6.4, and 4.2 years respectively (P < 

0.001, Figure 2B).

We then explored potential disease characteristics associated with lack of response to initial 

therapy. Baseline characteristics including age, International Scoring System (ISS) stage 3 

[15], abnormal LDH (> upper limit of normal), bone marrow plasma cell (BMPC) 

percentage > 60%, plasma cell labeling index (PCLI) > 1%, serum creatinine ≥ 2.0 mg/dL, 

high-risk FISH, and FLC difference (FLC-diff) were considered, but only lack of use of a 

novel agent as part of initial therapy was associated with primary refractoriness. In a 

univariable analysis, age > 65 years, ISS stage 3, abnormal LDH, BMPC > 60%, PCLI > 

1%, serum creatinine ≥ 2.0 mg/dL, high-risk FISH, and primary refractoriness were all 

associated with increased hazard of death. In a multivariable analysis restricted only to those 

patients receiving a novel drug with induction, only age > 65 years, abnormal LDH, and 

primary refractoriness were independently prognostic for OS (Table 2).

Outcomes of primary refractory patients

The outcomes among primary refractory patients were specifically examined in the context 

of subsequent therapies. Among the 112 patients with primary refractory disease, 24 (21%) 

proceeded directly to ASCT after the initial regimen, while 75 (67%) received an alternate 

line of chemotherapy; the remaining 13 (12%) patients either died while receiving induction 

therapy, or elected to pursue supportive care. The 3-year OS from start of initial treatment 

for those going to ASCT directly vs another regimen was 67% vs 60%, (P = not significant, 

Supplementary Figure 1A). In the patients who did not directly proceed to transplant, the 

most common secondary regimens included bortezomib and dexamethasone (18 patients, 

24%), lenalidomide and dexamethasone (14 patients, 19%), and cyclophosphamide, 

bortezomib, and dexamethasone (11 patients, 15%). The remaining patients received a 

variety of different regimens as second-line treatment. Overall, 53 patients (47%) underwent 

ASCT either as second line therapy or later. The median OS from start of initial treatment 

for this group of patients was 5.4 years (95% CI 4.2, NR) compared with 2.3 years (95% CI; 

1.8, 3.6) for the rest (P < 0.001, Supplementary Figure 1B). The beneficial effect of ASCT in 

the primary refractory group was comparable to that seen in the non-refractory population, 

with 67% (95% CI; 44, 82) and 74% (95% CI; 41, 91) reduction in the risk of death for the 

two groups, respectively (Supplementary Figure 1B, C).

DISCUSSION

The advent of novel agents has transformed the therapeutic approach for patients with MM. 

While the disease remains incurable, considerable progress has been made in recent years, 

largely due to the success of IMiDs and proteosome inhibitors [16]. Early studies 

demonstrated response and survival benefit with these agents in relapsed or refractory 

disease [17–25]. This has translated into increased use of novel therapies as front-line 

treatment, replacing conventional therapies which had shown comparatively modest efficacy. 

This study is the first of its kind to evaluate the prognostic impact of primary refractoriness 

to induction regimens including IMiDs and PIs, and the results suggest that absence of 
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response to initial treatment portends worse outcomes, with non-responders experiencing 

decreased median survival that is both statistically and clinically significant. Differences in 

OS were observed in the analysis of the entire cohort and in the analysis of patients 

specifically refractory to novel agents. Importantly, these differences were preserved in the 

four-month landmark investigation. In both our univariable and multivariable analysis, 

primary refractoriness carried the strongest hazard of death, underscoring the prognostic 

significance of response in the current era.

Our findings understandably differ from those of earlier studies [6–10]. Therapies employed 

prior to the introduction of targeted agents were poor, both in terms of eliciting response and 

extending survival, especially in patients ineligible for transplant. Even among those 

responding to conventional agents, depth of response was not clearly linked to outcomes [8–

10, 26], so it is therefore not surprising that induction response has historically been 

considered inconsequential. This perspective is changing with the widespread adoption of 

agents consistently shown to prolong survival. In addition to controlling the underlying 

disease and related complications, these drugs may modify the natural disease course, 

further conferring benefit when used in a frontline setting.

The 83% of patients achieving at least a PR in our study is comparable to the robust 

response rate that has been previously observed with novel agents [27–29]. The prognostic 

benefit of depth of response beyond PR has not been extensively studied in the context of 

newer therapies. In the present study, median OS was longest for patients achieving CR, 

consistent with previously published reports [30, 31], but outcomes were similar between 

those attaining either PR or VGPR. Recent clinical trial data has suggested a benefit with 

deeper response, though improved OS with VGPR over PR has never been truly established. 

In a post-hoc analysis of the IFM 2005-01 trial, patients failing to achieve at least VGPR 

during induction with bortezomib and dexamethasone were found to experience a shorter 

progression-free survival (PFS), but data on OS were not reported [32]. In a retrospective 

analysis of two phase III trials (MM-009 and MM-010), patients with either CR or VGPR to 

treatment with lenalidomide and dexamethasone in a relapsed setting experienced improved 

PFS and OS compared to those with PR; direct comparison of VGPR alone to PR was not 

attempted [33]. Taken together, the available data reinforce the predictive value of achieving 

CR in treatment with novel agents, while the impact of response better than PR (but less than 

CR) on survival is less certain.

Factors predisposing to primary refractory MM, particularly in treatment with IMiDs and 

Pis, remain undefined. Aside from absent novel agent use, none of the evaluated clinical 

characteristics were found to predict response to induction. Notably, while high-risk FISH 

was found to predict for OS in our univariable analysis, it did not associate with primary 

refractoriness. This is consistent with the results of other studies, which have demonstrated 

the ability of novel agents to overcome traditional sources of resistance [34–36]. 

Historically, low proliferative activity, aneuploid clones, and mutations of certain oncogenes 

and cell signaling molecules have been associated with treatment failure [37–44]. These risk 

factors were identified before common use of novel therapies, and whether they continue to 

hold prognostic value in the current era requires additional investigation.
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The retrospective, non-randomized nature of this study limits the scope of its conclusions. 

However, the relatively large sample size and the similarity of success observed with novel 

agents in clinical trials allay some concerns about bias. Most importantly, our findings 

provide further evidence that patients with newly-diagnosed MM are living longer in recent 

years, building on our prior results [45]. The present study also supports the practice of 

following M protein decrement in response to therapy, despite arguments to the contrary 

made in years past. Mere stabilization of disease should raise concerns about treatment 

course and prompt consideration of alternate lines of treatment, although the best approach 

to second line therapy remains unknown. We found no survival difference in those who 

proceeded directly to transplant compared with those who received additional lines of 

chemotherapy after failing to respond to frontline therapy. Primary refractory patients who 

underwent ASCT at some point during their treatment course performed better than those 

who did not, consistent with the benefit observed with primary responders. For appropriate 

candidates, ASCT should remain a priority, and confirmation of this approach should be 

attempted in a randomized, prospective setting.

In spite of the triumphs achieved in the management of MM in recent years, our study 

highlights a group for which outcomes continue to be unsatisfactory. Predictors of resistance 

and best management strategies remain unclear, and these questions should be specifically 

addressed in clinical trials designed for this high-risk sub-population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overall survival from start of therapy
(A) Kaplan-Meier curves demonstrating differences in overall survival between responders 

and non-responders to induction therapy in the entire cohort. (B) Overall survival excluding 

those who did not receive a novel agent with induction.
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Figure 2. Overall survival in landmark investigation
(A) Kaplan-Meier curves demonstrating differences in overall survival between responders 

and non-responders to induction therapy, including only those who were alive at four months 

after start of treatment. (B) Overall survival in landmark investigation, with groups separated 

according to depth of response.
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Table 1

Distribution of chemotherapy regimens

Induction regimen Number of patients, n = 816

IMiD 489 (59.9%)

 Lenalidomide dexamethasone 382

 Lenalidomide, cyclophosphamide, dexamethasone 38

 Thalidomide, melphalan, prednisone 21

 Lenalidomide, melphalan, prednisone 20

 Thalidomide dexamethasone 20

 Lenalidomide 6

 Pomalidomide dexamethasone 1

 Lenalidomide bendamustine 1

PI 185 (22.6%)

 Bortezomib, cyclophosphamide, dexamethasone 110

 Bortezomib dexamethasone 63

 Bortezomib, doxorubicin, dexamethasone 4

 Bortezomib, melphalan, prednisone 3

 Bortezomib 2

 Ixazomib, cyclophosphamide, dexamethasone 2

 Bortezomib, cyclophosphamide, prednisone 1

IMiD and PI 80 (9.8%)

 Bortezomib, lenalidomide, dexamethasone 59

 Bortezomib, thalidomide, dexamethasone 8

 Carfilzomib, thalidomide, cyclophosphamide, dexamethasone 5

 VDT-PACE 3

 Ixazomib, lenalidomide, dexamethasone 3

 Bortezomib, lenalidomide, cyclophosphamide, dexamethasone 1

 Carfilzomib, lenalidomide, cyclophosphamide, dexamethasone 1

No novel agent 62 (7.6%)

 Dexamethasone 31

 Melphalan prednisone 26

 Melphalan dexamethasone 2

 Cyclophosphamide prednisone 1

 Cyclophosphamide dexamethasone 1

 Prednisone 1

IMiD indicates immunomodulatory drug; PI, proteosome inhibitor; and VDT-PACE, bortezomib, dexamethasone, lenalidomide, cisplatin, 
doxorubicin, cyclophosphamide, and etoposide
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Table 2

Prognostic factors for overall survival

Prognostic factor Univariable analysis Multivariable analysis*

HR P HR P

Older than 65 years 2.0 < 0.001 2.1 < 0.001

Serum creatinine at least 2 mg/dL 1.9 0.001 1.9 0.14

ISS Stage 3 2.2 < 0.001 1.4 0.25

LDH over upper limit of normal 1.8 < 0.001 1.9 0.02

PCLI at least 1% 1.5 0.006 1.3 0.34

BMPC at least 60% 1.4 0.02 0.9 0.63

High-risk FISH 1.8 0.002 1.5 0.13

Primary refractory MM 2.3 < 0.001 3.2 < 0.001

*
Multivariable analysis restricted to patients receiving a novel agent with induction.

ISS indicates international staging system; LDH, lactate dehydrogenase; PCLI, plasma cell labeling index; BMPC, bone marrow plasma cell; and 
FISH, fluorescent in situ hybridization
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