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Multiple myeloma is a malignant hemato-oncological malignancy that affects up to 600 people in the Czech Republic 
every year. Treatment options are under constant improvement and the autologous hematopoietic cell transplantation 
(Tx) remains a part of treatment protocols. Despite modern drug administration, the autologous Tx keeps its irreplace-
able position and when ensuring two autologous Tx, the studies confirm a survival time more than twice as long as in 
non-transplant patients. However, there are no standardized procedures specifying the period in between the transplanta-
tions in more detail. Within our group, we compared the total of 66 patients who were administered a double transplant. 
One group underwent both planned tandem autologous Tx within a median of six months and mostly achieved just partial 
remission (PR) and less after the first transplant and out of disease progression. The other group only underwent the second 
Tx within a median of up to 14 months during a progression period or disease relapse. Both groups were comparable as 
far as basic parameters are concerned (age, type of induction therapy and cytogenetic risk). A significantly better treatment 
free survival (TFX) and overall survival (OS) were observed in the group where tandem Tx was administered. TFS was 
18 months and median OS was not reached for the group of patients who received tandem Tx, while TFS was 10 months 
(p=0.04) and median OS was 57 months (p=0.005) for those who received delayed second Tx. In the group of patients who 
received second Tx during relapse, we observed that TFS and OS were shorter in those with a higher paraprotein level, thus 
suggesting the potential role of paraprotein level as a prognostic marker. The TFS in the subgroup with a high initial level 
was 4 months vs. 11 months (p=0.0016) and OS 44 months vs. 65 months (p=0.03).
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Multiple myeloma (MM) accounts for approximately 
15% of hemato-oncological malignancies and up to 1% 
of all cancer diseases in the European population. In the 
Czech Republic, up to 600 patients are affected and the most 
common occurrence is in patients over 60 years of age (at this 
age the incidence is 1–4 persons/100 000 inhabitants a year), 
but the incidence relatively soars at ages over 75 (even up 
to16 persons/100 000 inhabitants) [1]. The induction therapy 
is based on a combination of modern drugs such as thalido-
mide, bortezomib or lenalidomide combined with corticoids 
and alternatively with alkylating agents or anthracyclines [2]. 
As a rule, 4 cycles of induction chemotherapy are admin-
istered followed by a peripheral blood stem cells (PBSC) 
mobilization (up to 65 years of age and in the elderly only if 
they are in good clinical condition). If the PBSC separation 
is successful, ideally with blood collection for 2 autologous 
transplantations, the first autologous Tx follows within 3–6 

months. Further strategy then depends on the customs of 
the department, and there is no standard procedure recom-
mended for a double Tx administration [3, 4]. In the Czech 
Republic, a tandem Tx is used to obtain the best disease 
response (CMG recommendations for multiple myeloma 
treatment, paragraph 9.4). Our primary aim is to study 
the clinical responses and survival benefits of two different 
tx strategies and our secondary aim is to assess the role of 
paraprotein level in predicting survival. Our secondary aim 
includes verifying the paraprotein level in the treatment 
results obtained.

Patients and methods

The retrospective analysis of patients with MM was aimed 
at comparing the time before the beginning of the treatment 
after the last autologous Tx (TFS) and the overall survival 
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(OS) in two groups of patients with a different administra-
tion scheme for the second autologous peripheral blood 
stem cell transplantation. In total, there were 66 patients 
with MM involved in the analysis and treated in our depart-
ment from 2003 to 2014. All patients underwent 4 cycles 
of induction chemotherapy, most often in accordance with 
protocol CTD or VAD and also CVD (alternatively VD) 
see Table 1. All patients underwent successful mobilization 
with cyclophosphamide (HD-CPA 2.5 g/m2) followed by a 
G-CSF (filgrastim) stimulation (Neupogen, Amgen, dose of 
10 µg/kg/day) and all were given a graft of peripheral blood 
stem cells sufficient to ensure two administrations of a high-
dose chemotherapy with an autologous Tx. As a pre-trans-
plant preparatory protocol, melphalan was administered in 
a one-off daily dose of 200 mg/m2 and this was reduced to 
140 mg/m2 in patients over 65 years of age [6] or in renal 
insufficiency, while the protocol remained identical in every 
patient during both transplantations.

Allocation of patients into cohorts. The patients were all 
planned for at least single ASCT. Patients who did not reach 
at least a very good partial response (VGPR) after the 1st 
transplantation were directed to tandem ASCT. Moreover, 
patients with unfavorable prognostic profile (poor cytoge-
netics – t (4;14), monosomy 13, p53 changes and extramed-
ullary disease) were also assigned to tandem, regardless of 
the response achieved.

In the first compared group, there were 28 patients 
analyzed who obtained a partial remission (PR) and less 
after the 1st autologous Tx (only 5 patients (18%) obtained 
a VGPR but all these patients had unfavorable cytogenetics 
and we aimed at the greatest disease response possible) – and 
thus, the majority of patients showed a detectable disease 
persisting at a relatively considerable level. According to the 
plan, this group was administered tandem autologous Tx 
within a median of 5.5 (2–11) months, and at the time of the 
second Tx administration there was no patient in disease 
progression.

The second group included 38 patients who were only 
monitored after the first autologous Tx and reached a 
CR and VGPR (66% of the patients in this group). The 
remaining patients in the group achieved PR but some 
patients faced early progression within 6 months after the 
1st Tx, some refused the planned Tx and some were not 
able to undergo the tandem Tx at the planned time. There-
fore, these patients were indicated to receive the second 
Tx in the phase of relapsed/progressed myeloma and they 
were not administered any re-induction therapy. Within 
the scope of the sub-analysis, we divided this group into 
two subgroups with respect to the paraprotein values 
before the second Tx, while arbitrarily setting the cut-off 
value of the ‘low paraprotein level’ to 10 g/l, alternatively 
1000 mg/l in multiple myeloma (MM) with production of 
immunoglobulin light chains. The median paraprotein level 
was 6.8 (2–40 g/l) in the first group or 250 mg/l for light 
chain myeloma (only 1 patient in this group), for the second 

group it was 9.2 (2–29.6 g/l) and 719 (400–792 mg/l). Three 
patients with extra-medullary disease had higher parapro-
tein levels and were evaluated as ‘high level’.

The comparison of the basic parameters in both groups 
(age, sex, ISS disease score, cytogenetic findings, type of 
induction therapy) did not show any statistically significant 
difference (Table 1). Subgroup characteristics in patients 
transplanted in disease relapse according to the initial 
paraprotein level are shown in Table 2.

The TFS period was defined as number of months from 
the 2nd autologous Tx administration to the beginning of 
another treatment line started due to disease progression or 
relapse. The OS period was defined in the standard way as the 
time from diagnosis to the last follow-up (including death).

Statistical procedure. This was performed by program 
GraphPad InStat – Statistica Software and basic statis-
tical tests – Mann-Whitney, Fisher’s Exact Test and t-test. 
The Kaplan-Meier method was used to process TFS curves 
and probability of progression curves and the log-rank test 
(MedCalc software) was used to assess statistically significant 
differences. The differences between groups were tested at a 
significance level of 95%; and values p<0.05 were considered 
statistically significant.

Table 1. Patient characteristics in the whole group.

 
Tandem 
(n=28)

Tx in relapse 
(n=38) p-value

Sex, male/female 14/14 17/21 p=0.13
Age at the time of diagno-
sis – median (min – max) 59 (41–69) 59 (45–69) p=0.36
Observation Median 46.5 (21–165) 33 (20–112) p=0.36
ISS stage at the time of diagnosis

1 8 (29%) 14 (37%) p=0.80
2 9 (32%) 9 (24%) p=0.60
3 11 (39%) 15 (39%) p=1.00

Genetics
normal karyotype 2 (7%) 7 (18%) p=0.30
t (4;14) 2 (7%) 3 (8%) p=0.17
monosomy 13 6 (21%) 7 (18%) p=1.00
p53 changes 1 (3%) 0 (0%) p=0.43
t (11;14), hyperdiploidy 10 (36%) 8 (22%) p=0.42
others or not performed 7 (26%) 13 (34%) p=0.61

Induction chemotherapy
CTD 11 (39%) 13 (34%) p=0.81
CVD, VD 6 (21%) 12 (32%) p=0.59
VAD 10 (36%) 12 (32%) p=0.81
RD 1 (4%) 1 (2%) p=1.00

Stage of the disease after induction
CR 0 (0%) 9 (24%) p=0.02
VGPR 5 (18%) 16 (42%) p=0.20
PR 18 (64%) 13 (34%) p=0.19
SD 5 (18%) 0 (0%) p=0.02

Number of patients: 66
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Results

The comparison of the group of patients who were admin-
istered the second tandem autologous Tx with the group 
where the second autologous Tx was administered in relapse/
progression did not show any significant differences in the 
basic characteristics – age, sex, disease stage 3 according to 
ISS, cytogenetic profile – and there was no evident difference 
in the median of patient observation: 46.5 months (21–165) 
vs. 33 months (20–112) p=0.36. In October 2015, 34/66 

patients were alive (52%), 32 patients died (48%). Detailed 
information is shown in Table 1.

The median time before beginning another treatment 
line, TFS, was significantly shorter in patients receiving the 
second transplant in disease relapse: 10 months (3–199) 
vs. 18 months (3–108) (p=0.04) (Figure 1A) and a statisti-
cally significantly worse overall survival (OS) was evident: 
57 months (18–199) vs. the median was not reached in the 
group transplanted in tandem, p=0.005 (Figure 1B).

The sub-analysis of the group transplanted in disease 
relapse (n=38) with respect to the paraprotein level (“low 
level” vs. “high level”) showed evident influence of the 
paraprotein value and thus, of advanced disease on TFS and 
OS. The medians of both these characteristics were signifi-
cantly shorter in the sub-group with a high initial value: 4 
months (2–30) vs. 11 months (3–199), p=0.0016 and 44 
months (18–96) vs. 65 months (27–199), p=0.03. (Figure 2).

Discussion

Multiple myeloma is an incurable aggressive hemato-
oncological disease. The basic therapeutic procedure consists 
of administering induction therapy followed by a high-dose 
chemotherapy and autologous hematopoietic cell trans-
plantation in the 1st line [6–8]. The latest recommendations 
advise a therapy followed by consolidation [9] and alter-
natively a maintaining therapy [4, 7]. However, this is not 
the standard procedure in our conditions, especially due to 
payment politics. Administering one or two autologous Tx 
is not yet standardized but it has been discussed in several 
clinical studies (IFM 94, MAG 95, Bologna, GIMEMA, 
HOVON) [11–15]. The largest study IFM 94 confirms the 
effect of the tandem transplant in patients who did not reach 
at least a VGPR or a better response after the first Tx [11, 16, 
17] (Table 3). According to the standardized procedures in 

Table 2. Sub–group characteristics in patients transplanted in disease re-
lapse according to the initial paraprotein level after the 2nd autologous Tx.

 
Low Para-

protein Level 
(n=20)

High Para-
protein Level 

(n=18) 
p-value

Sex, male/female 8/12 9.9 p=0.77
ISS Stage

1 8 (40%) 5 (28%) p=0.75
2 3 (15%) 5 (28%) p=0.69
3 9 (45%) 8 (44%) p=1.00

Genetics
normal karyotype 4 (20%) 3 (17%) p=1.00
t (4;14) 1 (5%) 2 (11%) p=0.60
monosomy 13 5 (25%) 2 (11%) p=0.44
p53 changes 0 0
t (11;14), hyperdiploidia 5 (25%) 3 (17%) p=0.71
others or not performed 5 (25%) 8 (44%) p=0.52

Induction chemotherapy
CTD 10 (50%) 3 (17%) p=0.19
CVD, VD 4 (20%) 8 (44%) p=0.33
VAD 6 (30%) 6 (33%) p=1.00
RD 0 1 (6%) p=0.49

Number of patients: 38

Figure 1. A: TFS comparison of the groups transplanted in tandem out of disease progression or only in disease relapse/progression (p=0.04). B: OS 
comparison of the groups transplanted in tandem out of disease progression or only in disease relapse/progression (p=0.005).
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who only achieved the SD after the first Tx, (5 patients), a PR 
(18 patients) and in only 5 patients with a VGPR. All these 
patients, however, had unfavorable cytogenetic findings 
(del 17p, monosomy 13).

Standard recommendations in acute relapse/progression 
advise administration of autologous Tx without re-induction 
[19]; in contrast, re-induction is suitable in slower progres-
sion. In our group, we compared patients according to 
progression level and aggressiveness; and patients in acute 
relapse (more than 10 g/l or more than 1000 µg/l of light chains 
or extraosseous disease) had significantly worse TFS and OS. 

The period of time before beginning the next treatment 
after Tx was within the median of 4 months in patients in 
acute relapse and 11 months in patients with slow progres-
sion, and 44 months vs. 65 months in overall survival. While 
acute relapse is an unfavorable factor in this disease, both 
groups have comparable parameters (age, induction regime, 
cytogenetic finding) and it is not possible to make any definite 
statement in this matter. Moreover, some acute relapses 
followed a CR, and this should be a favorable factor in OS, 

our department, we administer the second Tx either only in 
disease relapse / progression in patients who reach a CR or 
VGPR after the first autologous Tx or in the planned tandem 
mode in patients who reach only a PR or a worse response after 
the first Tx and are in a good clinical condition. The present 
study shows the results of analysis comparing the two different 
approaches to the indication of the second autologous Tx.

The total group of 66 patients showed statistically signifi-
cantly better TFS and OS results in the group administered 
tandem autologous Tx (Figure 1): 10 vs. 18 months and 57 
months vs. the median not reached in tandem Tx. All the 
other parameters (age, cytogenetics, initial induction) did 
not show any statistical differences in both groups (Table 2) 
and thus, the groups are comparable. Moreover, our patient 
group showed no evident bortezomib induction influence 
on TFS and OS [18], but only 18 patients were treated with 
bortezomib in induction. In view of the fact that this group 
only achieved a PR and less after the first Tx, it was expected 
that disease relapse would come in a relatively short period of 
time. Therefore, we administered the tandem Tx in patients 

Figure 2. A: TFS in relation to the paraprotein level at the time of the 2nd autologous Tx (p=0.0016). B: OS in relation to the paraprotein level at the 
time of the 2nd autologous Tx.

Table 3. EBMT criteria response to treatment.
Response to treatment EBMT criteria for common type EBMT criteria for light chain
SD (stable disease) less than 25% ↓ of monoclonal protein in the blood  

MR (minimal response)
between 25 and 49% ↓ of monoclonal protein in the 
blood + 50–89% reduction in 24 h urinary light chain 
excretion (monoclonal proteinuria >200 mg/d)

50–89% reduction in 24 h urinary light chain 
excretion and monoclonal proteinuria >200 mg/d

PR (partial remission)
over 50% ↓ of serum monoclonal protein + > 90% reduc-
tion in 24 h urinary light chain excretion or M protein-
uria <200 mg/d

> 90% reduction in 24 h urinary light chain excre-
tion or monoclonal proteinuria < 200 mg/d

nCR – near Complete Response Serum MP=0, but Serum IF >0  

CR – complete response
no monoclonal protein in the blood + no serum/urine 
monoclonal protein by Immunofixation (IF <0) + <5% 
plasma cells in bone marrow aspirate

partial response criteria + no serum/urine mono-
clonal protein by immunofixation (IF <0) + <5% 
plasma cells in bone marrow aspirate
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so the prognosis of the CR with a subsequent relapse remains 
arguable (negative – acute relapse/positive – achieving a CR).

We explain the longer TFS in the group who received a 
planned tandem administration by the deep remission after 
the 1st autologous Tx, although the response after induction 
was not ideal. This influence cannot be attributed to the type 
of induction therapy because treatments were otherwise the 
same in both patient groups. It was also not due to cytoge-
netic findings because these parameters are comparable in 
both groups. In the interim, there was no other treatment 
performed in either of the groups because re-induction was 
not standard practice in our department.

A longer OS in the tandem group must be connected to 
the given TFS values because 21 patients (75%) in this group 
had TFS of over 1 year and 14 patients (50%) showed a TFS 
of over 2 years. In contrast, there were only 12 patients (32%) 
in the other group receiving no treatment within 1 year and 7 
patients (18%) for over 2 years. It was therefore necessary to 
start another treatment line sooner in the relapsed group and 
both remission period and time before further relapse was 
shorter. The OS length was not influenced by using different 
treatment regimes in these groups because the treatment 
protocols were identical in both.

This work aimed to contribute to the clarification of the 2 
autologous Tx strategies in patients with multiple myeloma 
[19–21]. Although our analysis was limited by unicentric and 
retrospective observation with selection bias, the strategy 
stability of the treatment procedure in the entire patient 
group was advantageous. We now plan to implement analysis 
of treatment results in patients who undergo re-induction 
therapy because of progression/relapse before the second 
autologous Tx. This will confirm if re-induction influences 
the length of the remission period and, alternatively, the 
overall survival rate.

Our analytic results for the influence of paraprotein levels 
during relapse/progression before the second autologous Tx 
suggest that it would be more suitable to administer re-induc-
tion therapy first in patients with more advanced relapse/
progression and only then proceed with high-dose chemo-
therapy with an autologous Tx. Finally, we consider it more 
favorable to administer the second planned tandem autolo-
gous Tx without delay, and before further possible disease 
progression in those patients with higher remaining disease 
levels after the 1st Tx. This would therefore be administered 
only at the stages of partial remission or stable disease. 
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