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Multiple Myeloma (MM) is a common haematological malignancy, accounting for
10.0% of all bone marrow cancers in the UK (Velez et al, 2016). Chemotherapy
followed by autologous stem cell transplantation (ASCT) is the standard of care in

transplant eligible newly diagnosed patients and has been shown to deepen
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remission and improve overall survival (Kumar et al, 2008; Gay et al, 2017).
However, most patients receiving ASCT will progress and require further treatment.
Progression of disease remains heterogeneous and outcomes of salvage therapy
are difficult to predict (Laubach et al, 2016). The choice of drugs used in salvage
regimens has expanded recently, so that therapeutic decisions at relapse can be
difficult. Improving understanding of factors affecting outcomes at relapse and
responses to second line therapy will facilitate joint treatment decisions between
clinicians and patients (Brioli 2016), and identify patient subgroups that fare poorly

with current treatment options, and require new approaches.

The objective of our study was to explore factors influencing the outcomes of
relapse. In a retrospective analysis of 474 patients undergoing ASCT between 2000-
2014 at University College London Hospital, UK, 269 had relapsed at a median of 20
months post ASCT (95%CI 18-23). PFS1 was defined as time from ASCT to 1st
progression or death from any cause; PFS2 as time from ASCT to second
progression or death and second PFS as time from start of salvage regimen to
second progression or death. Disease progression was defined as per IMWG
criteria. Post relapse survival (PRS) was measured from date of progression and
overall survival (OS) from date of ASCT. Time to event endpoints were estimated
using Kaplan-Meier method; univariable and multivariable analysis performed using
Cox regression models. Predictive accuracy of risk model systems were estimated

using area under the survival curve of Cox models.

Characteristics of this group of 269 patients at diagnosis and relapse are shown in

Supp Figure 1. With median follow up from relapse of 29 months, median PRS was
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40 months (95% CIl 35-44), and OS was 67 months (95% CI 57-73). PFS1
significantly affected PRS (HR 0.96 95% CI: 0.95-0.98, p<0.001), as well as OS: HR
0.87 (95%Cl: 0.83-0.92, p<0.001), as may be expected in view of the contribution of
PFS1 to OS. Higher ISS stage at relapse was also associated with shorter PRS
(ISS 2/3 27 vs 50 months for ISS1, p<0.001) and OS (46 vs 82 months, p<0.001), as
was presence of adverse FISH (i(4;14), t(14;16), t(14;20), del(17p), 1q gain or 1p
loss) at relapse: PRS, 36 vs 65 months (p<0.001) and OS, 59 vs 97 months
(p<0.001) (Supp Fig 2). We also explored features associated with early relapse.
Early relapse (<12 months from ASCT) was associated with shorter PRS (18 vs 49
months, p<0.001) and OS (27 vs 85 months; p<0.001) (Supp Fig 3). Comparisons of
patient and disease characteristics revealed that a higher proportion of patients in
the early relapse group had anaemia (p=0.01), hypercalcaemia (p=0.02), advanced

ISS stage 2/3 (p=0.03), and had adverse cytogenetics at diagnosis (p<0.01) (Table
1).

In this patient cohort, FISH data were available for 59.1% of patients at diagnosis
and 52.0% of patients at relapse. Of patients tested at both time points (n=71), clonal
evolution was seen in 20 (28.0%), with acquisition of adverse risk genetic markers at
relapse (Supp Fig 4). 1q gain was the commonest aberration seen, followed by del
17p and t(4;14). Patients with del 17p at diagnosis and/or relapse had poorer
outcomes compared to all other patients: PRS 31 vs 41 months (p=0.04), OS 59 vs
67 months, (p=0.02), or to those with other adverse cytogenetics (Supp Fig 5). Our

results highlight the importance of acquiring genetic information at relapse.
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At relapse, most patients were treated with proteasome inhibitors (59.1%), and
27.5% received immunomodulatory drugs. 24.5% of patients were entered into
clinical trials. Achieving a deeper response to salvage treatment (CR/VGPR vs PR)
was associated with a longer second PFS (Supp Fig 6), but not improved PRS or
OS. PFS1 also correlated with second PFS (HR 0.98, 95% CI: 0.98-0.99, p<0.001).
Use of novel agents, and entry into clinical trials was associated with deeper

responses (p<0.05 for both).

Multivariable analysis was performed in order to identify independent prognostic
factors for PRS. Variables included were PFS1, ISS stage at diagnosis and relapse,
adverse cytogenetics at diagnosis and relapse, regimen received at relapse and
response to salvage treatment, factoring in age at relapse and sex (Supp Fig 7).
PFS1 retained independent prognostic significance- HR 0.91 (0.87-0.96, p=0.001),
as did ISS stage 2/3 at relapse- HR 3.70 (1.58-8.66, p=0.003). Based on our results,
we constructed a risk model to stratify patients at relapse post ASCT (Figure 1).
Patients were divided into subgroups according to number of risk factors, defined as:
relapse <12 months and ISS 2/3 stage at relapse. Patients with 0 vs 1 vs 2 risk
factors had median PRS of 65 vs 34 vs 10 months and OS of 89 vs 50 vs 19 months,
(p<0.001 for both). Statistical analysis performed using cumulative AUC modelling
showed this model has significant discriminative accuracy when patients are risk
stratified in this manner, with a probability of 72%.

Our real-world data echoes findings reported by other groups, indicating that early
relapse is consistently associated with inferior outcomes (Jimenez-Zepeda et al,
2015; Gonsalves et al, 2016; Majithia et al, 2016; Ong et al, 2016; Kumar et al,

2018). Pending validation in other patient cohorts, our risk model will be useful to
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stratify patients for clinical trials and may facilitate discussions with patients
regarding prognosis at relapse. As development of increasingly efficacious induction
regimens coupled with consolidation and maintenance post-ASCT will continue to
increase PFS1, the poor prognostic impact of early relapse is likely to remain a
challenge, especially when patients are relapsing on maintenance therapy. In this
context, continued re-examination of disease biology at relapse and the outcomes of
salvage regimens, including the validation of our risk model will help to optimise the

management and counselling of these patients.
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Table | Patient characteristics at relapse (relapse <12 months and >12

months post ASCT).

(Abbreviations: sCR/CR-stringent complete response/complete response, VGPR-very good partial
remission, PR- partial remission. ISS Stage 1: B2 microglobulin < 3.5 and Albumin>35g/L, ISS Stage 3: B2
microglobulin>5.5, ISS stage 2: patients not fulfilling criteria for Stage 1 or 3)

Patient characteristics <12 months post ASCT > 12 months post p value (chi
ASCT squared)
excluding
unknown patients

Number of patients 73 196

Sex M 48 (65.8%) M 129 (65.8%) p=0.99
F 25 (34.2%) F 67 (34.2%)

Median age at relapse 57 (30-71) 61 (38-73) p=0.96

Haemoglobin levels

<110g/l 34 (46.6%) 64 (32.6%) p=0.01

>110g/L 30 (41.1%) 116 (59.2%)

Unknown 9(12.3%) 16 (8.1%)

Creatinine

<100mmmol/L 49 (67.1%) 144 (73.5%) p=0.71

>100mmol/L 14 (19.2%) 36 (18.4%)

Unknown 10 (13.7%) 16 (8.1%)

Calcium levels

>2.75mmol/L 16 (21.9%) 26 (13.3%) p=0.02

<2.75mmol/L 55 (75.3%) 162 (82.6%)

Unknown 2(2.8%) 8 (4.1%)

Bony disease 11(15.1%) 37 (18.9%)

No bony disease 62 (84.9%) 158 (80.6%) p=0.46

Unknown 0 (0%) 1(0.5%)

ISS stage

ISS stage 1 25 (34.2%) 91 (46.4%) p=0.03

ISS stage 2/3 25 (34.2%) 43 (21.9%)

Unknown 23 (31.6%) 62 (31.7%)

FISH atdiagnosis

Standardrisk 21 (28.8%) 96 (49.0%) p<0.01

High risk 17 (23.3%) 25(12.8%)

Unknown 35(@47.9%) 75 (38.2%)

FISH atrelapse

Standardrisk 19 (26.5%) 49 (25.0%) p=0.61

High risk 23 (31.5%) 49 (25.0%)

Unknown 31(42.5%) 98 (50.0%)

Therapy atinduction

No treatment 0(0%) 0(0%)

IMiD 10 (All thalidomide) (13.7%) | 37 (18.9%)

Pl 11(15.1%) 23 (11.7%) p<0.01

Other (Chemo, radiotherapy) 52 (71.2%) 135 (68.9%)

Unknown 0(0%) 1(0.5%)

Therapy atrelapse

No treatment 3 (4.1%) 6 (3.1%) p<0.01

2nd ASCT 3 (4.1%) 31(15.8%)

IMiD 29 (39.7%) 45 (23.0%)

PI 28 (38.4%) 131 (66.8%)

Other (Chemo, radiotherapy)
Unknown

6 (8.2%)
7(9.6%)

11 (5.6%)
3(1.5%)
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Figure 1: Patient stratification by number of risk factors at relapse
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Figure 1. Assessment of survival based on risk score. Risk factors were relapse < 12 months

post ASCT, and ISS 2 or 3. A score was developed based on 0, 1 or 2 risk factors.

PRS (A)and OS (B) of patients in eachrisk group.
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1

2 Supplementary Figure 1: Baseline patient characteristics at diagnosis and
. relapse

5

6 (Abbreviations. sCR/CR-stringent complete response/complete response, VGPR- very good partial
7 remission, PR- partial remission. ISS Stage 1: B2 microglobulin < 3.5 and Albumin>35¢g/L, ISS Stage 3: B2
8 microglobulin>5.5, ISS stage 2: patients not fulfilling criteria for Stage 1 or 3)

9

10

11 Patient characteristics at Patient characteristics at
12 diagnosis relapse

] j Sex M 177 (65.8%)

15 F 92 (34.2%)

16 Median age 57 years (28-70) 60 years (range 30-73)
1; Median age at ASCT 58 years (29-70)

19 MM Isotype

20 IgG 153 (56.9%)

21 IgA 62 (23.0%)

22 Light chain only 42 (15.6%)

23 Other IgD 4 (1.5%) IgM 2 (0.7%)

;‘51 Non-secretory 5 (1.9%)

%6 Unknown 1(0.4%)

27 ISS

28 Stage 1 86 (32.0%) 116 (43.1%)
29 Stage 2/3 105 (39.0%) 68 (25.3%)
30 Unknown 78 (29.0%) 85 (31.6%)
g; FISH

33 Standard risk 117 (43.5%) 68 (25.3%)
34 High risk 42 (15.6%) 72 (26.8%)
35 Unknown 110 (40.9%) 129 (47.9%)
36 Regimens used:

37 IMiD 47 (17.5%) 74 (27.5%)
gg PI 34 (12.6%) 159 (59.1%)
40 Other:(Chemotherapy/ |[187 (69.5%) (chemotherapy 17 (6.4%)
41 steroids/radiotherapy) n=171)

42 Unknown 1(0.4%) 10 (3.7%)
43 No treatment 0 (0%) 9(3.3%)

22 Best response pre-ASCT

45 sCR/CR 12 (4.5%)

47 VGPR 66 (24.5%)

48 PR 168 (62.5%)

49 <PR 21 (7.8%)

50 Unknown 2 (0.7%)

51 Best response post

52 ASCT

53 sCR/CR 40 (14.9%)

>4 VGPR 139 (51.7%)

gg PR 76 (28.3%)

i <PR 13 (4.7%)

58 Unknown 1(0.4%)

59
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Supplementary Figure 2: Effect of biological risk factors at relapse on
1 survival
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Supplementary Figure 3. Effect of biological factors at diagnosis and relapse on PRS and OS.
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59 to adverse cytogenetic risk at relapse. (E) Forest plot illustrating hazard ratio (HR) for OS
60 according to risk factors at diagnosis and relapse
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Supplementary Figure 3: Survival according to timing of relapse
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55 Supplementary Figure 3. Assessment of survival based on timing of relapse.
56 PRS (A)and OS (B) for patients relapsing within 12 months of ASCT or thereafter
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Supplementary Figure 4: Clonal evolution between diagnosis and relapse

1
2
3
4
5
6 Patient Patient Sex Age at PFS1 Cytogenetics Cytogenetics PRS (01
7 no. characteristics ASCT (months) at diagnosis at relapse (months) (months)
8
? D #1 IgG K F 54 35 Hyperdiploidy 1q gain 120 155
1
12 #2 K light chain M 67 34 Nil Del 17p 25 59
13 abnormalities
4 u K light chain M 64 83 Nil Del 17p 30 114
1% abnormalities
16
17 #4 IgG A M 63 43 Nil 3 1q gain, 1p 59 102
abnormalities loss
18
19 #5 IgA K M 58 14 Nil t(4;14) 76 91
2 abnormalities
2
27 #6 K light chain F 59 17 Nil 1q gain 73 90
T abnormalities
23
24 #7 IgG K M 59 17 Nil 1q gain 42 59
25 abnormalities
20 4 IgG K M 48 18 Nil Del 17p, RB1 29 47
2y abnormalities loss
28
29 #9 A light chain M 43 20 t(11;14) t(11;14) 58 78
30 1p loss
3 #10 IgG K M 61 37 Del 13q Del 13q, Del 31 69
32 17p
33
34 #11 K light chain M 63 11 Del 13q Del 13q, Del 24 35
A 17p, 1q gain
35
36 #12 IgG K M 59 38 1q gain t(4;14), 1q 36 74
3Y gain
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39 #13 IgG K F 52 28 Nil 1q gain 40 68
4 abnormalities
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4 #14 IgA A M 57 14 Nil 1q gain, 1p 36 51
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43 FGFR3
44 ]
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? abnormalities
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47 #16 IgG K F 67 16 t(11;14) t(11;14), Del 23 40
43 17p
4 #17 IgA K M 45 25 Nil t(4;14) 17 43
50 abnormalities
5
52 #18 IgA K F 60 25 Nil 1q gain, del 13 38
abnormalities 17p
53
1 #o IgG A F 28 1 Nil 1p loss, RB1 22 4
5% abnormalities loss, del 17p
5¢
1 #20 IgA K F 49 4 Nil 1q gain, del 1 5
5
abnormalities 17p
58
59
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Supplementary Figure 5. Del 17p is associated with poorer outcomes at diagnosis or relapse,
irrespective of other cytogenetic abnormalities. PRS (A) and OS (B) in patients with del17p at
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standard risk disease.
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59 treated in clinical trials compared to standard therapies. (F) Forest plot illustrating hazard ratio (HR) for
60 0s according to depth of response, use of proteasome inhibitor (PIl) and treatment in clinical trial
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Supplementary Figure 7:

Multivariable analysis

HR 95% CI p value (<0.05
considered
statistically
significant

PFS1 0.89 0.83 0.95 <0.001
Year of relapse | 2.04 0.73 5.84 0.18
(prior or after

2008)

ISS stage at 0.82 0.35 1.93 0.65
diagnosis

ISS stage 2/3 7.89 2.21 28.16 0.0015
at relapse

Cytogenetics at | 0.39 0.1 1.34 0.13
diagnosis

Cytogenetics at | 2.50 0.66 9.47 0.18
relapse

Regimen 1.28 0.43 3.86 0.66
received at

relapse

Response to 2.73 0.79 9.49 0.11
salvage

therapy

Stepwise Cox regression model taking significant variables from above:

PFS1 and ISS stage at relapse retain significance.

HR 95% CI p value (<0.05
considered statistically
significant

PFS1 0.91 0.87 0.96 0.001
ISS stage 2/3 at 3.70 1.58 8.66 0.003
relapse
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20 May 2018

Dear Finbarr,

As discussed, here is our paper “A new prognostic model for patients relapsing from upfront autologous

transplantation for myeloma based on ISS and PFS1” now re-formatted into a letter for the British Journal of

Haematology. | hope you find this suitable for publication, it proposes a new risk model to assess these patients,

based on multivariable analysis of several risk factors.

With best wishes,

Kok

Kwee L Yong
Professor of Haematology and Consultant



