
Role of serum free light chain assay in the detection
of early relapse and prediction of prognosis after
relapse in multiple myeloma patients treated upfront
with novel agents 

Monoclonal (M) protein can be detected in the serum
and/or urine of patients with multiple myeloma (MM) as
either intact immunoglobulins (Ig) or free light chains
(FLC). Current guidelines1 recommend the use of serum
and urine electrophoresis plus immunofixation to evalu-
ate and monitor response to therapy in MM patients with
measurable M-protein. In addition, measurement of
serum FLC (sFLC) ratio (sFLCR)2 is required to fulfill the
definition of stringent complete response and to define
response or progressive disease (PD) in oligosecretory or
non-secretory MM.1,3,4 Nonetheless, sFLC assay might be
an appropriate tool also in secretory MM, since an imbal-
ance in sFLCR can be detected in approximately 90% of
patients with Ig-secretory MM (Ig-MM)5 and in almost all
patients with light chain MM (LC-MM).6 Moreover, it is
well recognized that sFLC escape might occur before, or
at the time of, relapse7-9 and increasing levels of sFLC at
progression have been reported to predict a worse prog-
nosis.7 However, most of these studies are biased by the
lack of serial assay measurements. Furthermore, the prog-
nostic significance of increased levels of sFLC in the
absence of any additional parameter defining PD or clin-
ical relapse (Rel)1 remains an area of investigation. To
address this issue, we analyzed a cohort of 100 MM
patients at our center who received first-line, fixed-dura-
tion, novel agent-based therapies and for whom sFLCR
measurements after treatment were available every 3-4
months until relapse. sFLC assay was performed by BN II
nephelometer6,10 as part of routine clinical care.
International Myeloma Working Group (IMWG) criteria
were used for the definition of measurable disease, PD
and Rel.1 Criteria defining PD in oligo/non-secretory MM
according to sFLC levels1 were used to identify patients
with secretory MM who showed rising sFLC levels in the
absence of any additional parameter consistent with PD
or Rel. Time to second progression (2nd TTP) and overall
survival (OS) after relapse were calculated from the date
of first progression to the date of second progression or
death, respectively, or of last follow up. Time to second-
line therapy was the interval between the date of first
progression and the date when salvage treatment was
started.
At diagnosis, 80 patients were classified as having Ig-

MM, 15 LC-MM and 5 oligo/non-secretory disease. sFLC
measurements were available at baseline in 81 patients,
of whom 63 had sFLC measurable disease, as defined by
an abnormal sFLCR and involved sFLC levels 100 mg/L or
more.1 First-line treatments included the proteasome-
inhibitor (PI) bortezomib in 45 patients, the
immunomodulators (IMiDs) thalidomide or lenalidomide
in 25 patients, and both bortezomib and IMiDs in the last
30 patients. Fifty patients received a single or double
autologous stem cell transplantation. Median follow up
was 63 [interquartile range (IQR) 38-83] months from
diagnosis and 23 (IQR 13-37) months from progression.
Best response rates were: complete response, 32%; very
good partial response, 35%; partial response, 27%, and
stable disease or PD, 6%. Overall, in 66 patients, sFLCR
after up-front therapy was in the normal range.
According to IMWG consensus recommendations,4 88
patients required a second-line therapy due to Rel (n=72)
or paraprotein relapse (n=16). The remaining 12 patients
did not receive salvage therapy due to a paraprotein

relapse not fulfilling criteria for restarting treatment (n=8)
or early death (n=3) or a concomitant solid tumor (n=1).
Serial monitoring of serum/urine M-protein and sFLC lev-
els throughout the follow-up phase after first-line treat-
ment allowed 4 different patterns of relapse to be identi-
fied. These were characterized by: 1) an increase in both
M-protein and sFLC (n=30); 2) an increase in M-protein
only (n=42); 3) an increase in sFLC levels only (n=15), as
established according to IMWG criteria for oligo/non-
secretory MM;1 4) the presence of one or more criteria
defining Rel,1 without any concurrent change in M-pro-
tein or sFLC (n=13). Patterns of relapse characterized by
an increase in sFLC levels, with or without concomitant
rise in M-protein, were observed more frequently in
patients with abnormal versus normal sFLCR at baseline
(62% vs. 17%; P=0.001). Among the 80 patients with Ig-
MM, patterns of relapse were: 32% both M-protein and
sFLC (n=26), 48% M-protein only (n=38), 10% sFLC only
(n=8), and 10% Rel without change in M-protein or sFLC
(n=8) compared with 27% both M-protein and sFLC
(n=4), 27% M-protein only (n=4), 40% sFLC only (n=6)
and 6% Rel without change in M-protein or sFLC (n=1)
for the 15 patients with LC-MM. Patients with LC-MM
had a higher frequency of relapse characterized by isolat-
ed sFLC increasing than those with Ig-MM (P=0.043). In
the subgroup of 14 patients with secretory-MM (8 Ig-
MM and 6 LC-MM) and an sFLC only pattern of relapse,
an increase in sFLCs preceded by 2.3 months (IQR 1.7-
6.1) the onset of any conventional parameter defining
PD, including Rel with organ damage in 10 (71%) of
them, and by 4.0 (IQR 2.8-9.3) months the start of sub-
sequent salvage therapy. Median increase in the differ-
ence between involved and uninvolved sFLC levels was
224.1 mg/L (IQR 138.3-437.9) at the time of escape and
687.5 mg/L (IQR 224.1-1819.8) at the time of PD or Rel.
Overall, patients who experienced a relapse with an
increase in both M-protein and sFLC or sFLC only had
higher creatinine levels than those with an increase in M-
protein only or Rel without change in M-protein or sFLC
(P=0.025). Conversely, no differences between these sub-
groups were seen with respect to the other disease- and
tumor-related characteristics that could potentially influ-
ence clinical outcomes. Second-line treatments including
IMiDs (47%), PI (23%) or both these agents (30%) were
equally distributed among patients with different pat-
terns of relapse. Time to second-line therapy was shorter
for patients relapsing with both M-protein and sFLC,
sFLC-only or Rel without increase in M-protein or sFLC
levels, than for those relapsing with M-protein only
(P=0.001, trend P=0.0001). Moreover, patterns of relapse
characterized by an increase in sFLC, with or without a
concomitant rise in M-protein levels, correlated with
worse 2nd TTP and OS after relapse as compared to the
other patterns. In particular, patients relapsing with both
M-protein and sFLC or sFLC only had a 2-fold increase in
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Table 1. Cox regression analysis of variables associated with shorter
time to second-line therapy and time to second progression.
                                                       Hazard Ratio               95%CI

Time to second-line therapy
sFLCR ≥120                                                   2.58                          1.11-6.00
b2-microglobulin ≥ 3.5 mg/L                    2.18                          1.13-4.20

2nd TTP
sFLCR ≥120                                                   7.26                         1.00-52.59

CI: confidence interval; sFLCR: serum free light chains ratio; 2nd TTP: time to sec-
ond progression. 



the risk of second progression [Hazard Ratio (HR 1.86),
95%CI: 1.03-3.38] and a 3-fold increase in the risk of
death (HR 2.75, 95%CI: 1.28-5.86), as compared to those
relapsing with M-protein only (Figure 1). To overcome
the potentially confounding influence of renal function
changes on sFLC levels, we analyzed the prognostic value
of sFLCR at relapse. An involved/uninvolved sFLCR of
120 or more  (high sFLCR) proved to be the most power-
ful cut-off value for identification of patients with the
worst outcomes after relapse and was observed in 15
patients (10 relapsing with both M-protein and sFLC; 5
with sFLC only). Median levels of uninvolved sFLC were
similar in patients with low or high sFLCR, suggesting
that a high sFLCR mostly reflected high levels of involved
sFLC. Out of the 15 patients with a high sFLCR at
relapse, 7 (47%) had an sFLC of 120 or more at diagnosis,
whereas a lower value was reported in the remaining
53%. No differences between patients with high and low
sFLCR were seen with respect to different second-line
therapies including one or more of novel agents. In com-
parison with sFLCR less than 120, a high sFLCR was
associated with significantly shorter 2nd TTP (HR 2.93,
95%CI: 1.43-6.00) and OS after relapse (HR 2.86,
95%CI: 1.36-5.99) (Figure 2). In a multivariate Cox
regression analysis including several factors potentially
influencing post-relapse outcomes, sFLCR of 120 or more

was the leading independent variable predicting for
shorter time to second-line therapy (HR 2.58, 95%CI:
1.11-6.00) and time to second-line therapy (HR 7.26,
95%CI: 1.00-52.59) (Table 1). These results underscore
the value of serial sFLC measurements performed
throughout the course of MM after novel agent-based
therapies. In particular, we observed that an increase in
sFLC levels was the first sign of progression in 15% of the
overall patient population and in 40% of patients with
LC-MM; this is consistent with the greater sensitivity of
sFLC assay in comparison with urine electrophoresis for
monitoring LC-MM.11 Importantly, in approximately
70% of patients with either Ig-MM or LC-MM and
relapsing with sFLC only, an increase in sFLC levels pre-
dicted an imminent risk of progression with end-organ
damage. These findings are consistent with those previ-
ously reported by our group,9 and highlight the impor-
tance of close laboratory monitoring and the use of novel
functional imaging techniques to capture early signs of
organ dysfunction when an sFLC only pattern of relapse
has occurred. Moreover, in our study, more aggressive
outcomes of the disease were seen in patients with pro-
gression defined according to an increase in sFLC levels,
with or without a concomitant rise in M-protein.
Reduced OS after relapse was previously reported in
patients with Ig-MM and increased sFLC levels;7 results
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Figure 1. Time to second progression (2nd TTP) and
overall survival (OS) after relapse, according to dif-
ferent patterns of relapse. Patients relapsing with
progression characterized by an increase in both M-
protein and serum free light chain (sFLC) (PLC) or
progression characterized by isolated sFLC increas-
ing (FLC) showed worse 2ndTTP and OS after relapse
than other categories of relapse. PO: progression
characterized by an increase in monoclonal (M) pro-
tein only; CO: clinical relapse in the absence of
increase in M-protein or sFLC levels.
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of our analysis extend and confirm these data, since a
relapse defined by increasing levels of sFLC, even in the
absence of any additional parameter of PD or Rel, corre-
lated with a shorter time to second-line therapy, a 2-fold
increase in the risk of second progression and a 3-fold
increase in the risk of death, as compared to a relapse
with increase in M-protein only. Lastly, we found that an
sFLCR of 120 or more at relapse predicted for poor out-
comes and retained independent prognostic value in a
multivariate analysis. These data further support the evi-
dence that elevated sFLC levels correlate with more
aggressive clinical outcomes of MM,9,12,13 and suggest the
possibility of using a high sFLCR to identify relapsed MM
patients who are at high risk of developing imminent
organ damage, and who are, therefore, to be considered
eligible for prompt salvage treatment. 
In conclusion, despite the limitations due to the retro-

spective nature of this analysis and to heterogeneous
therapies, these results support the possible inclusion of
sFLC levels in the current criteria for defining PD, irre-
spective of the presence of measurable M-protein levels
at baseline. Moreover, sFLC assay may be a valuable tool
for predicting the risk of symptomatic progression and
prognosis. Further prospective studies are needed to con-
firm these data.
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Figure 2. Time to second progression (2nd TTP) and
overall survival (OS) after relapse, according to
serum free light chains ratio (sFLCR). High sFLCR
at progression was associated with shorter 2nd TTP
and OS after relapse than sFLCR less than 120.
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