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Results from the model-based approach for the first

5 years after diagnosis is shown in Table S2. The model fit

was assessed by the ratio of deviance to residual degrees of

freedom, equal to 0!95, 0!93 and 1!27, respectively. Using the

calendar period 1982–1987 as reference, we found a statisti-

cally significant reduction in excess mortality during 1993–
1997 for the age group <65 years (excess mortality rate

[EMR] 0!79, 95% CI 0!65–0!96). In the age groups 65–79
and ≥80 years, a statistically significant reduction in excess

mortality was observed during 2008–2012 (EMR 0!71 95%

CI 0!62–0!82) and 0!66 (95% CI 0!54–0!81), respectively. In
the age group 65–79 years, female sex was associated with

reduced excess mortality (EMR 0!90, 95% CI 0!83–0!97). We

found very low estimates for the 5-year RSR during 1982–
1987 and 2003–2007 in the group of patients aged ≥80 years

at diagnosis. To confirm our results for this group, we

repeated the regression model using the calendar period

1993–1997 as reference and found a statistically significant

reduced EMR during 2008–2012 (EMR 0!74, 95% CI 0!60–
0!91) and 2013–2017 (EMR 0!67, 95% CI 0!54–0!83), data
not shown.

Discussion

In this population-based study on 10 524 patients with MM,

we have provided real-world and up-to-date observations of

incidence and changes in RS during the past three decades.

We found an increasing long-term RS in patients aged

<65 years across all calendar periods. In Norway, HDM-

ASCT became the standard treatment for this age group in

1994.22 Our present data show that the improvement in both

the 5- and 10-year RSR had already began approximately

10 years before the introduction of HDM-ASCT. In a study

from the Swedish Cancer Registry, a similar pattern for

patients aged 51–60 years at the time of diagnosis can be

observed. Across four 10-year calendar periods between 1973

and 2013, the improvement in the 5-year RSR was near lin-

ear from the first calendar period.23 These observations from

two independent cancer registries in comparable countries

suggest that factors other than HDM-ASCT have contributed

to the improved outcome for the youngest patients with MM

up to the mid-1990s.
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Results from the model-based approach for the first

5 years after diagnosis is shown in Table S2. The model fit

was assessed by the ratio of deviance to residual degrees of

freedom, equal to 0!95, 0!93 and 1!27, respectively. Using the

calendar period 1982–1987 as reference, we found a statisti-

cally significant reduction in excess mortality during 1993–
1997 for the age group <65 years (excess mortality rate

[EMR] 0!79, 95% CI 0!65–0!96). In the age groups 65–79
and ≥80 years, a statistically significant reduction in excess

mortality was observed during 2008–2012 (EMR 0!71 95%

CI 0!62–0!82) and 0!66 (95% CI 0!54–0!81), respectively. In
the age group 65–79 years, female sex was associated with

reduced excess mortality (EMR 0!90, 95% CI 0!83–0!97). We

found very low estimates for the 5-year RSR during 1982–
1987 and 2003–2007 in the group of patients aged ≥80 years

at diagnosis. To confirm our results for this group, we

repeated the regression model using the calendar period

1993–1997 as reference and found a statistically significant

reduced EMR during 2008–2012 (EMR 0!74, 95% CI 0!60–
0!91) and 2013–2017 (EMR 0!67, 95% CI 0!54–0!83), data
not shown.
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In this population-based study on 10 524 patients with MM,

we have provided real-world and up-to-date observations of

incidence and changes in RS during the past three decades.

We found an increasing long-term RS in patients aged

<65 years across all calendar periods. In Norway, HDM-

ASCT became the standard treatment for this age group in

1994.22 Our present data show that the improvement in both

the 5- and 10-year RSR had already began approximately

10 years before the introduction of HDM-ASCT. In a study

from the Swedish Cancer Registry, a similar pattern for

patients aged 51–60 years at the time of diagnosis can be

observed. Across four 10-year calendar periods between 1973

and 2013, the improvement in the 5-year RSR was near lin-

ear from the first calendar period.23 These observations from

two independent cancer registries in comparable countries

suggest that factors other than HDM-ASCT have contributed

to the improved outcome for the youngest patients with MM

up to the mid-1990s.
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Table 1. The 5- and 10-year relative survival ratios (RSRs) across all calendar periods and age groups

Age at diagnosis, years

Calendar period of diagnosis

1982–1987 1988–1992 1993–1997 1998–2002 2003–2007 2008–2012 2013–2017

5-year RSR (95% CI) <65 0!36 (0!31–0!41) 0!43 (0!38–0!48) 0!46 (0!40–0!51) 0!56 (0!51–0!61) 0!60 (0!55–0!65) 0!65 (0!60–0!68) 0!67 (0!63–0!71)
65–79 0!31 (0!27–0!35) 0!27 (0!24–0!32) 0!28 (0!24–0!32) 0!29 (0!25–0!33) 0!34 (0!30–0!38) 0!42 (0!38–0!46) 0!46 (0!42–0!50)
≥80 0!11 (0!07–0!17) 0!20 (0!13–0!28) 0!16 (0!11–0!23) 0!17 (0!12–0!23) 0!10 (0!07–0!15) 0!24 (0!19–0!30) 0!28 (0!22–0!34)

10-year RSR (95% CI) <65 0!18 (0!15–0!22) 0!21 (0!17–0!26) 0!26 (0!21–0!31) 0!31 (0!26–0!36) 0!37 (0!32–0!41) 0!40 (0!36–0!43) 0!44 (0!40–0!49)
65–79 0!11 (0!08–0!14) 0!12 (0!09–1!15) 0!09 (0!06–0!12) 0!09 (0!07–0!13) 0!14 (0!11–0!18) 0!16 (0!14–0!19) 0!20 (0!16–0!24)
≥80 0!03 (0!01–0!11) 0!00 (0!00–0!00) 0!00 (0!00–0!00) 0!05 (0!02–0!12) 0!04 (0!01–1!00) 0!10 (0!05–0!16) 0!13 (0!06–0!24)

RSR, relative survival ratio; CI, confidence interval.
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Among the entire cohort, 393 patients (37%) received an
autologous stem cell transplant (SCT) at some point during the
disease course, with a median time to transplantation of 5.9
months (range 2–95). Among patients p65 years of age 277/498
(56%) of patients have undergone an autologous SCT at the time
of the last follow-up. We did a 6-month landmark analysis to
examine the impact of an autologous SCT on OS. The median OS
for patients receiving an SCT was NR compared with 4.9 years
(95% CI 4.2, 5.3) for those not receiving an SCT, Po0.001
(Figure 2b). On restricting the analysis to those p65 years of age,
the OS was identical for those who had received an SCT compared
with those who had not yet had a transplant, median NR for either

group (Figure 2c). Among the patients over 65 years of age, 116
(21%) underwent an SCT; the median OS for those undergoing an
SCT was NR (95% CI 5.4, NR) compared with 3.1 years (95% CI 2.5, 3.7)
for those who did not, Po0.01 (Figure 2d).

Early mortality
Overall, 136 (13%) of the patients died within 1 year of diagnosis,
with the 1-year mortality being significantly lower for the recent
group (10%) than for the older cohort (16%; P¼ 0.004). The early
mortality was significantly lower among the patients who had
received one of the newer drugs as part of their initial therapy
(8% vs 19%, Po0.001). We then examined the factors associated
with early mortality, restricting our analysis to those patients who
received a newer agent as part of their initial therapy, as that
represents the current practice. Receiver operating characteristic
curves were generated for the continuous variables to identify the
optimal cut point, and the values were rounded for convenience
and ease of use. We identified age 470 years, platelet count
o200" 106/dl, serum creatinine of 41.5mg/dl, serum albumin
o3.5 g/dl, serum beta 2 microglobulin 46.5mg/dl and lactate
dehydrogenase 4180 IU/dl as factors associated with early
mortality. We first examined all the variables in a multivariable
model, and identified age 470, serum albumin o3.5 g/dl and
serum beta 2 microglobulin 46.5mg/dl as factors independently
predicting early mortality. Presence of none, one, two or three
factors, respectively, was associated with a 3%, 5%, 9% or 53% risk
of early mortality, Po0.001 (Figure 2e).

Prognostic factors for survival
We then examined the value of previously identified prognostic
factors, many of which were identified in the context of older

Figure 1. (a) OS comparison between patients diagnosed during January 2001–December 2005 and those diagnosed during January
2006–December 2010. (b) Trends in the 1- and 5-year OS estimates between January 2001 and December 2010 with patients grouped by the
year of diagnosis. The dotted lines represent the 95% CIs. (c) OS comparison between patients diagnosed during 2001–2005 and those
diagnosed during 2006–2010 limited to patients of 65 years of age or younger. (d) OS comparison between patients diagnosed during
2001–2005 and those diagnosed during 2006–2010 limited to patients older than 65 years of age.

Table 2. Commonly used initial therapy regimens and frequency

Regimen 2001–2005 2006–2010

VAD 2% (1 patient)
Dexamethasone 45% 6%
Melphalan-prednisone 21% 3%
Thalidomide-dexamethasone 16% 3%
Other thalidomide-based regimens 0% 3%
Lenalidomide dexamethasone 11% 52%
Other lenalidomide-based regimens 0% 10%
Bortezomib-dexamethasone 1% 7%
Other bortezomib-based regimens 0% 5%
VTD 0% 2%
VRD 0% 4%

Abbreviations: VAD, vincristine, adriamycin and dexamethasone; VRD,
bortezomib (velcade), lenalidomide (revlimid) and dexamethasone; VTD,
bortezomib (velcade), thalidomide and dexamethasone.
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therapies, in this recent cohort of patients. Specifically, we
examined how the prognostic factors may have changed across
the two time periods. We first examined the prognostic value of
the International Staging System among 916 patients in whom the
data were available; the median OS was NR, 5.7 years and 2.1 years
for stages 1, 2 and 3 in the earlier time period (Figure 3a)
compared with NR, NR and 4.2 years, respectively, during the
second time period (Figure 3b). FISH data from around diagnosis
were available for only 50 (10%) patients from the first time period
compared with 385 (69%) patients from the more recent time
period. The median OS for patients with high-risk FISH (defined as
presence of t(4;14), t(14;16), t(14;20) or del 17p in the absence of
any trisomy) or standard-risk FISH was 2.3 years and NR,
respectively, for the earlier time period (P¼ 0.05; Figure 3c) and
3.5 and NR, respectively, in the latter time period (Po0.001;
Figure 3d). We also examined the prognostic value of FISH-based
risk status using the traditional definition of high-risk FISH, not
taking into consideration the overlapping abnormality of trisomies
(defined as presence of t(4;14), t(14;16), t(16;20) or del 17p).

The median OS for patients with high-risk FISH or standard-risk
FISH was 2.4 years and NR, respectively, for the earlier time period
(P¼ 0.01; Supplementary Figure S2A) and 5.1 and NR, respectively,
in the latter time period (P¼ 0.046; Supplementary Figure S2B).
Next, we examined the prognostic value of lactate dehydrogenase
using a cutoff of 222 IU/dl (upper limit of normal for the
laboratory). The median OS for patients with lactate dehydrogen-
ase4222 IU/dl andp222 IU/dl was 1.8 and 5.1 years, respectively,
for the earlier time period (Supplementary Figure S2C) and 3.0 and
NR, respectively, in the latter time period, Po0.001 for both
comparisons (Supplementary Figure S2D). Given the important
prognostic value of proliferation in myeloma that has been
observed with different methods of assessing proliferation across
different studies, we examined the prognostic value of the PCLI
and how it has changed over time. Using the traditional cutoff of
1% for the PCLI, the median OS for patients with the PCLI X1%
and o1% was 3.1 years and 5.3 years, respectively, for the earlier
time period (Po0.001; Supplementary Figure S3A) and 5.5 years
and NR, respectively, in the latter time period; (P¼ not significant;

Figure 2. (a) OS comparison between patients receiving one of the newer drugs (thalidomide, lenalidomide or bortezomib) as part of initial
therapy and patients not receiving one of these regimens. (b) Survival comparison between patients receiving an autologous SCT versus
those that did not, with land marking at 6 months. (c and d) Demonstrate the survival comparison between patients receiving an SCT versus
those who have not received an SCT among those 65 years of age or younger (c) and those over 65 years of age (d). (e) Increasing risk of early
mortality (1 year mortality) with increasing number of risk factors (identified age 470, serum albumin o3.5 g/dl and serum beta 2
microglobulin 46.5mg/dl).
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Relevant parameters for treatment selec0on in RRMM pa0ents



*CRAB, calcium elevation, renal insufficiency, anemia, bone lesions.8 LDH, lactate dehydrogenase.
1. Mikhael JR. Hematology Am Soc Hematol Educ Program. 2014;2014:262-267. 2. Laubach J et al. Leukemia. 2016;30:1005-1017. 3. Lopez A et al. Leuk Res Rep. 2015;4:64-69. 4. 
Karlin L et al. Leuk Lymphoma. 2011;52:238-246. 5. Bladé J et al. Ann Oncol. 2010; 21(suppl 7):vii313-vii319. 6. Nooka AK et al. Blood. 2015;125: 3085-3099. 7. Mohty B et al. Leukemia. 
2012;26:73-85. 8. Rajkumar SV et al. Lancet Oncol. 2014;15:e538-e548. 

Not All Relapses in Multiple Myeloma are the Same1-7



When to start treatment



Advantages for treatment at CRAB compared with biochemical relapse 

ü Pa#ents could maintain ac#ve life between treatments

ü Treatment toxicity could be spared

ü The Health System could spare money

ü Longer interrup#ons between treatments could prevent the development of 
clonal resistance

ü Immune system could control indolent biochemical relapses prolonging #me to 
next treatment 



ü Wait and watch; strategy can produce anxiety in pa5ents and doctors

ü A larger MM burden can be more difficult to be treated

ü No preven5on of organ damage

ü More effec5ve and safe treatment combina5ons available

Limits for treatment at CRAB compared with 
biochemical relapse 

















Overall survival from start of first-line therapy in pa4ents with relapse from
complete response star4ng treatment for (a) biochemical vs. symptoma4c
relapse and (b) biochemical relapse vs. those who were observed with
biochemical relapse and started treatment for symptoma4c disease









Survival outcomes: Time to biochemical relapse (a), 3me to clinical relapse (b) and overall
survival (c) in the examined popula3on. TTBR 3me to biochemical relapse, TTCR 3me to
clinical relapse, OS overall survival, ARM A bortezomib and dexamethasone un3l
progression, ARM B observa3on un3l clinical relapse, ARM C early retreatment at
biochemical relapse with bortezomib and dexamethasone.





When to start treatment in pa.ents with 
relapsed/progressed mul.ple myeloma? 

Asymptoma)c (M-protein) Relapse vs. Clinical Relapse 

Current prac)ce/recommenda)on (2011) àDelay treatment un)l: 

üClinical relapse

üSignificant paraprotein relapse* 
• Any of the following criteria in 2 consecu)ve measurements separated by ≤ 2 

months: 
• Doubling of the M-component

↑ serum M protein by ≥ 10 g/L
↑ urine M protein by ≥ 500 mg/24h
↑ involved FLC level by ≥ 200 mg/L (plus abnormal ra)o) 

*Rajkumar et al, Blood 2011; 117: 4691-5. 



Indications for treatment at relapse 



When do we start treatment ? 

ü Pa#ents in clinical relapse or in rapid and significant biochemical relapse

ü In first relapse there is s#ll a possibility of achieving a good and las#ng response,
especially in standard risk pa#ents.

ü In these pa#ents, an increasing M-protein should be closely followed and, in case
of (rapid) increase, immediate treatment should be ini#ated

ü In high-risk pa#ents treatment should always be started

ü There is a small category of pa#ents with slow indolent biochemical relapse who
may experience a period of asymptoma#c disease with observa#on only

Sonneveld P et al Haematologica 2016; Ludwig H ESH, Paris 2017



Indicators for Treatment in Relapsed
Myeloma

Consider early treatment if: 

ü Previous aggressive presenta/on/ clinical behaviour

ü Clearly increasing M-protein, par/cularly light chains in 
urine 

üDecreasing Hb level











A) Overall survival of pa/ents with
MRD conversion is worse compared
to pa/ents with sustained MRD
nega/vity (Hazard Ra/o, 1.7; 95%
Confidence Interval (CI), 1.1-1.7, P =
0.01).

B) Progression free survival of pa/ents
with MRD conversion versus pa/ents
with sustained MRD nega/vity is
significantly inferior (Hazard Ra/o,
18.9; 95% CI, 13.2-27.0, P < 0.0001).
In a landmark analysis at 3 years
post-ASCT,

C) Overall survival was significantly
worse for pa/ents that converted
from MRD nega/ve to posi/ve
compared to pa/ents with sustained
MRD nega/vity (Hazard Ra/o, 20.0;
95% CI, 6.3-63.0, P < 0.0001).

D) Progression free survival of pa/ents
with MRD conversion is significantly
worse than pa/ents with sustained
MRD nega/vity (Hazard Ra/o, 4.5;
95% CI, 4.3-33.7, P < 0.0001).



• The worst PFS (24.7 months) was observed in pts with early loss of MRD negaAvity (< 1 year)

and was significantly inferior if compared both to pts with sustained MRD negaAvity (p <

0.0001, HR 0.06 ; 0.01-0.54) and to MRD posiAve pts before maintenance (p 0.03, HR 0.35;

0.11-0.16), with significantly different outcome of the three subgroups (p < 0.0001)

• The worst OS observed in pts with early loss of MRD negaAvity (< 1 year) was significantly

inferior if compared both to pts with sustained MRD negaAvity (p < 0.0001, HR 0.05; 0.003-

0.80) and to MRD posiAve pts before maintenance (p 0.020, HR 0.21; 0.035- 1.26).

• We confirm the predicAve value of MRD assessment aSer ASCT and therefore the importance

of achieving sustained MRD negaAvity regardless of different treatment strategies. Moreover,

the detecAon of early loss of MRD negaAvity can help the physician to idenAfy pts with

parAcularly poor prognosis



Conclusions

• Most pa'ents with biochemical relapse will progress to clinical relapse, with a

median 'me of approximately 5 months. However, a small frac'on of pa'ents—

approximately 20%—may remain in biochemical relapse without progression for

several years;

• Earlier interven'on is generally best for the pa'ent: by contrast, wai'ng may allow

the malignant clone to expand, making the MM cells more resistant to subsequent

therapy;

• Pa'ents with confirmed biochemical relapse should receive therapy, especially in

case of early, aggressive relapse, rapid increase in myeloma parameters and high-

risk cytogene'cs. If the criteria of biochemical relapse are not met or in case of an

asymptoma'c, very slow increase in biochemical markers (evolving MM), close

monitoring of myeloma parameters at least every 2–3 months is recommended



Grazie per l’ attenzione


