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Background
Thalidomide maintenance therapy after stem cell transplantation resulted in increased progres-
sion-free survival and overall survival in a few trials, but its role in non-transplant eligible
patients with multiple myeloma remains unclear. This study assessed the impact of thalido-
mide-interferon in comparison to interferon maintenance therapy in elderly patients with mul-
tiple myeloma. 

Design and Methods
Of 289 elderly patients with multiple myeloma who were randomized to thalidomide-dexam-
ethasone or melphalan-prednisolone induction therapy, 137 finally completed 9 cycles of
induction therapy with stable disease or better and thereby qualified for maintenance treat-
ment. Of these, 128 have been randomized to either thalidomide-interferon or interferon
alone. Primary study endpoints were progression-free survival and response rates; secondary
endpoints were overall survival, toxicity and quality of life.

Results
Thalidomide-interferon maintenance therapy led to a significantly longer progression-free sur-
vival compared to interferon (27.7 vs. 13.2 months, P=0.0068), but overall survival was similar
in both groups (52.6 vs. 51.4 months, P=0.81) and did not differ between patients aged 75 years
or older, or younger patients (P=0.39). Survival after disease progression tended to be shorter
in patients on thalidomide-interferon maintenance therapy (P=0.056). Progression-free survival
and overall survival tended to be shorter in patients with adverse cytogenetic (FISH) findings
compared to the standard risk group but differences were not significant (P=0.084 and P=0.082,
respectively). Patients on thalidomide-interferon presented with more neuropathy (P=0.0015),
constipation (P=0.0004), skin toxicity (P=0.0041) and elevated creatinine (P=0.026).

Conclusions
Thalidomide plus interferon maintenance therapy increased progression-free survival but not
overall survival and was associated with slightly more toxicity than maintenance with interfer-
on alone. (ClinicalTrials.gov Identifier: NCT00205751).
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Introduction 

In multiple myeloma (MM), first-line therapy results in
tumor response and improvement of quality of life1 in the
majority of patients, and depth of response correlates with
survival.2 In spite of substantial advances in therapy, relapse
occurs in most patients with myeloma after a variable dura-
tion of remission. Many treatments have been tested to
prolong the duration of the maintenance phase and to
increase survival by postponing or avoiding relapse.
Continuation of conventional cytostatic therapy as mainte-
nance treatment did not result in longer survival.3
Corticosteroids in high doses were shown to prolong the
duration of the maintenance phase, but results concerning
overall survival (OS) were controversial.4,5 Interferon α-2b
(IFN) exerts direct anti-myeloma activity6 but yielded
inconsistent results when tested as maintenance treatment.
Two meta-analyses, one on individual patient data7 and
another on published results,8 showed a marginal but sta-
tistically significant gain in both maintenance duration and
overall survival. Thalidomide is an immunomodulatory
drug effective in newly diagnosed and relapsed/refractory
patients with multiple myeloma. Up to now, only results of
thalidomide maintenance therapy in younger patients after
completion of autologous stem cell transplantation (ASCT)
have been published9-13 while information on outcome in
elderly patients is pending. In the posttransplant setting,
maintenance with thalidomide resulted in increased pro-
gression-free survival in all trials but overall survival was
found to be significantly increased in 2 of 5 trials only.9-13
In this study, we compared maintenance therapy with

thalidomide plus interferon α-2b with interferon α-2b
alone in elderly patients with multiple myeloma who had
been pre-treated with either thalidomide-dexamethasone
(TD) or melphalan-prednisolone (MP) induction therapy.14 

Design and Methods

Two hundred and eighty-nine previously untreated patients
with active myeloma not eligible for autologous stem cell trans-
plantation had been enrolled between August 1, 2001 and
October 31, 2007 in the induction phase, the outcome of which
has been reported.14 Of the 249 patients evaluable for response to
induction treatment with either thalidomide-dexamethasone or
melphalan-prednisolone, 137 completed 9 cycles of therapy with
stable disease or better (Figure 1) and thereby met the eligibility
criteria for the maintenance phase. One hundred and twenty-
eight patients were randomized to either thalidomide plus IFN or
to IFN alone. Patients were stratified for quality of response, prior
induction therapy, and treatment center. Recruitment for mainte-
nance therapy had been continued until September 30, 2008.
Patients were treated in 26 centers in Austria, the Czech
Republic, Slovakia, Hungary and Croatia. A list of additional con-
tributing members of the CEMSG (Central European Myeloma
Study Group) is shown in the appendix. The study has been
approved by the ethical committees responsible for all participat-
ing study centers and was carried out in accordance with the dec-
laration of Helsinki and with an authorization by the Ministry of
Health. All patients gave written informed consent before enter-
ing the study. In accordance with the ICMJE Guidelines, the trial
is registered as NCT00205751 at http://ClinicalTrials.gov. The pri-
mary objectives were progression-free survival and response
rates; secondary objectives were overall survival, quality of life
(QOL) and toxicity.

Treatment regimen
Investigators were requested to aim for a daily dose of 200 mg

thalidomide (but could start at a lower dose if required because of
previous exposure to thalidomide) in combination with interferon
α-2b (Schering-Plough) at a dose of 3 Mega U, TIW or interferon
α-2b at the same dose and schedule only. Maintenance treatment
would be given until progression or intolerance, whichever came
first. In the maintenance phase of the trial, thromboprophylaxis
was not mandatory. All patients received zoledronate 4 mg, q four
weeks continuously until the publication of guidelines recom-
mending discontinuation of therapy in patients with better than
very good partial response (VGPR) after two years.15

Assessments
At randomization to maintenance therapy, baseline assess-

ments included standard hematologic and chemistry analysis plus
bone marrow biopsy and aspiration. Response assessment includ-
ed measurement of serum paraprotein calculated by multiplying
the proportion of monoclonal protein in the serum electrophore-
sis by the total protein level or in case of baseline paraprotein con-
centrations of less than 0.2g/dL by immunological techniques. In
addition, 24-hour urine paraprotein excretion was determined.
Immunofixation (IF) was used to identify IF negative complete
response. Radiological investigations were performed before
enrolment for maintenance treatment. 
For evaluation of response, the EBMT criteria,16 plus an addi-

tional category of ‘very good partial response’ (VGPR), were used.
Progression-free survival was calculated from the time of random-
ization to the time of progressive disease or to death of any cause.
Overall survival was calculated from randomization until the date
of death of any cause or the date the patient was last known to be
alive (censored). Survival after progressive disease on maintenance
and survival after end of maintenance therapy was calculated from
the respective event in the subgroup of patients in which this
event had already occurred.
Adverse events were assessed at each visit and graded accord-

ing to the National Cancer Institute Common Toxicity Criteria.17

Thromboembolism was assessed by clinically objective evidence
of thrombosis and by ultrasound and, if indicated, by pulmonary
CT scan. 

Statistical analysis
The induction phase of the trial was originally designed to sig-

nificantly detect a suspected superiority in progression-free sur-
vival after 12 months of 65% versus 50% of the standard MP reg-
imen over the innovative chemotherapy-free regimen with a
power of 85% and a one-sided alpha-error level of 0.025, requir-
ing a total number of 194 evaluable patients. The same number of
patients (n=194) had been calculated for the maintenance phase in
order to detect a suspected improvement in progression-free sur-
vival from 50% to 65% with Thal-IFN over IFN alone at 12
months after randomization with a power of 85% and a one-sided
alpha-error level of 0.025. In spite of the enrollment of more
patients than had been initially calculated to be required into the
induction phase (n=289), due to the requirement of completion of
all 9 cycles of initial therapy, only 137 patients proved to be eligi-
ble for the maintenance phase of which 128 were finally random-
ized. By reducing the number of patients from 194 to 128 the
power to detect the suspected improvement in progression-free
survival as described above had been reduced from 85% to 69%. 
Response and toxicity rates were analyzed by Fisher’s exact,

Cochran-Armitage trend or Wilcoxon’s tests, as appropriate.
Progression-free survival, overall survival, and time on mainte-
nance treatment were estimated by the product limit method.18
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Results are presented by intention-to-treat analysis. Univariate
comparisons of these endpoints were performed using the log
rank test.19 Cox’s proportional hazard model20 was applied for
multivariate analyses of event-type data. All P values reported are
two-sided. Except for the primary endpoint, all statistical tests are
of exploratory nature and no adjustments for multiplicity were
applied. Subgroup analyses of an the outcome in different age
groups were not pre-specified prospectively.

Results

The study flow chart is shown in Figure 1. One hundred
and thirty-seven patients qualified for maintenance therapy
by completing 9 cycles and achieving stable disease or bet-
ter, thus excluding patients who initially responded but
progressed while continuing treatment, or discontinued
therapy or died. Nine patients have not been included in
the maintenance trial; 5 patients because of previous toxic-
ity or general poor condition, and 4 patients did not give
consent.
Patients’ characteristics and response status at baseline of

maintenance of the 128 patients randomized are shown in
Table 1. Median follow up after randomization to mainte-
nance was 35 months and median duration of maintenance
therapy was 13.2 months for patients randomized to Thal-
IFN and 8.3 months for those randomized to IFN (log rank
test P=0.20) (Figure 2A). The median daily dose of thalido-
mide was 75 mg (range 25-200 mg) with a median cumula-
tive dose of 28,400 mg (range 1,300-235,200 mg). For IFN,
the median weekly dose was 9 mega units (range 3-9 mega
units) with a median cumulative dose of 258 mega units
(range 3-938). The median cumulative dose of IFN was
slightly but not significantly higher in patients on Thal-IFN
(median 266 mega units) compared to those on IFN alone
(median 216 mega units, P=0.69).
Maintenance therapy with Thal-IFN resulted in an

improvement in the depth of response from partial
response (PR) to VGPR or complete response (CR) in 5 (8%)
and with IFN in 2 (3%) patients, respectively. Progression-
free survival was significantly longer in patients random-
ized to Thal-IFN (27.7 months) compared to patients treat-
ed with IFN maintenance only (13.2 months, HR: 0.55;
95% CI, 0.36-0.86; log rank test, P=0.0068) (Figure 2B).
Analysis of progression-free survival by either TD or MP
induction therapy showed a significantly shorter progres-
sion-free survival in patients started on TD and subse-
quently randomized to IFN maintenance only (7.8 months,

log rank test, P=0.037) compared to the 3 other treatment
cohorts (Figure 2C). Progression-free survival was 27.7
months in patients started on TD and followed by Thal-
IFN, 20.2 months in those with MP induction therapy fol-
lowed by IFN maintenance, and 27.6 months in patients
with Thal-IFN maintenance after MP induction therapy. 
Overall survival was similar in both groups with 52.6

months in patients receiving Thal-IFN and 51.4 months in
those being treated with IFN only (HR: 0.93, 95% CI: 0.53-
1.66, log rank test; P=0.81) (Figure 2D). Overall survival by
induction therapy did not vary significantly between the 4
treatment groups (log rank test, P=0.99) (Figure 2E). When
patients were dichotomized according to age, no difference
in overall survival was seen between patients younger than
75 years and those 75 years or older (Figure 2F). At the time
of this analysis, 48 deaths have been observed. Of the 23
deaths noted in the Thal-IFN arm, 6 were non-myeloma
related (2 cardiovascular, 2 infections, 2 other non-identi-
fied causes), while in the IFN group 7 of 25 deaths observed
were due to causes other than myeloma (one cardiovascu-
lar, 4 infections, 2 other non-identified causes). Treatment
withdrawals not related to progressive disease or death
were noted in 18 patients of the Thal-IFN and in 10 patients
of the IFN alone arm. Intolerance of the maintenance regi-
men or patient’s decision was noted in 9 and in 9 patients
of the Thal-IFN group, and in 5 and 4 patients of the IFN
alone arm, respectively. 
Survival after progression of disease tended to be longer

in patients who received IFN maintenance therapy only
compared to those started on Thal-IFN (HR: 1.75, 95% CI,
0.97-3.14, log rank test P=0.056) (Figure 3A) while no dif-
ference was noted between both groups when overall sur-
vival was analyzed from termination of maintenance ther-
apy (HR: 1.20, 95% CI, 0.65-2.20, log rank test P=0.57)
(Figure 3B). Quality of life was similar in both arms and did
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Table 1. Patients’ characteristics and response status at randomiza-
tion for maintenance therapy.
Parameter IFN IFN-Thal

n = % n = %

Number of patients 64 64
Age, median (range) 72 (55-85) 71 (54-86)
Age 70-79 years 38 59 32 50
Age ≥ 80 years 5 8 3 5
Gender (f/m) 30/34 30/34

Tumor stage (Durie Salmon) at time of induction
Stage I 2 3 4 6
Stage II 19 30 18 28
Stage III 43 67 42 66
M-Component 
IgG 46 72 42 66
IgA 14 22 15 23
Light chain 3 5 6 9
Non-secretory 1 2 1 2
Performance Status ≥2 9 14 *5 P=0.396 9

Response status
n = % n = % n = % n = %

CR 7 11 13 20
nCR 21 33 43 67 16 25 42 66
VGPR 15 23 13 20
PR 12 19 11 17
MR 3 5 9 14
SD 6 9 2 3

*χ2 for trend across grades 0-4.

Figure 1. Study flow chart.
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not vary significantly during maintenance treatment; how-
ever, detailed data are not presented here due to space lim-
itations.
Cytogenetic data were available in 66 patients who

were categorized according to their cytogenetic risk pro-
file in those with high risk [t (4; 14), t (14; 16) Del 17p and
abnormalities of 1q21] and those with standard risk (all
others). Progression-free survival tended to be shorter in
patients with adverse FISH findings compared to the stan-
dard risk group, but differences were not significant
(median 31.5 vs. 21.6 months, HR: 1.69, 95% CI, 0.13-
3.07, log rank test P=0.084) (Figure 3C). The median over-
all survival was 72.3 months in those with standard risk
and 39.6 months in those with cytogenetic high-risk fea-

tures (HR: 1.94, CI 0.91-4.13, log rank test P=0.082) (Figure
3D).
Hematologic toxicity was similar between both groups

(Table 2), but patients on Thal-IFN maintenance experi-
enced significantly more neuropathy (P=0.0015), constipa-
tion (P=0.0004), skin toxicity (P=0.0041) and renal impair-
ment (P=0.026). In addition, there was a tendency for
more dyspnea (P=0.32) and more fatigue (P=0.64) in
patients on Thal-IFN maintenance therapy. Two throm-
boembolic events were observed in patients on Thal-IFN
and one in a patient on IFN maintenance treatment. Grade
3 osteonecrosis of the jaw was noted in one patient of
each group, with one still on bisphosphonates and the
other one after discontinuation of bisphosphonate therapy

Thalidomide-IFN versus IFN maintenance in elderly myeloma patients
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Figure 2. (A) Time on maintenance therapy. (B) Progression-free survival by treatment arm. (C) Time to progression on treatment arm and
induction group. (D) Overall survival by treatment arm. (E) Overall survival on treatment arm and induction group. (F) Overall survival by age
group.
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one year before occurrence of the complication. Other
non-hematologic toxicities were similarly distributed in
both therapy arms.

Discussion

Inclusion into this maintenance protocol required 9
cycles of induction therapy, thus selecting mainly good-risk
patients with initial tumor response. The proportion of
patients who experienced an upgrade in their quality of
response was low (8% and 3% of patients treated with
Thal-IFN and IFN only, respectively). Higher conversion
rates from less than VGPR to VGPR or CR have been
reported in the French IFM 99-029 maintenance trial with
thalidomide, and in the Australian study10 that employed
thalidomide and prednisone maintenance therapy. In both
of these studies, none of the patients had been exposed to
thalidomide in the induction phase. 
The most important finding of this study is the signifi-

cant increase in progression-free survival by Thal-IFN com-
pared to IFN maintenance therapy only, with no difference
in overall survival. The power of overall survival analysis is,
however, limited by the fact that only 48 deaths had been
observed in the 128 patients at the time of this analysis.
Overall survival after start of maintenance therapy was
similar in patients younger than 75 years and those aged 75
years or older, in contrast to what was seen in the induction
phase.14 Our observation of short progression-free survival
in the subgroup of patients started on TD and randomized
to IFN maintenance indicates that stopping thalidomide
treatment after completion of a successful induction phase
may result in earlier progression. Overall survival was
remarkably long in both maintenance treatment groups; a
further indication of the selection bias of patients eligible
for maintenance therapy. Similar observations with
thalidomide maintenance therapy have been presented by
the MRC13 and the HOVON12 group with improvement of
progression-free survival but not overall survival with
thalidomide maintenance treatment. In contrast to our
study, the MRC13 and the HOVON study,12 a significant
improvement also in overall survival was seen in the IFM
99-029 and the Australian10 studies. In both trials, younger
patients had been randomized to maintenance or to control
after completion of conventional induction therapy fol-
lowed by autologous stem cell transplantation. A signifi-
cant increase in overall survival in addition to an improve-
ment in progression-free survival with TD maintenance
therapy was also reported in an Italian trial21 which ran-
domized patients to either TD or to IFN-Dex maintenance
therapy after prior treatment with TD and liposomal dox-
orubicin. Of note, this study included both patients with
relapse to previous therapy and patients without prior ther-
apy. Similar to our study, significantly more patients on
IFN-Dex had to discontinue maintenance therapy com-
pared to TD treated patients mostly because of progression
of disease.
When progression-free survival was analyzed in patients

on maintenance therapy in relation to the previous induc-
tion regimen, a remarkably shorter progression-free sur-
vival was observed in the patient subgroup started on TD
and randomized to IFN maintenance only (PFS 7.8 months)
compared to the 3 other treatment sequences (PFS in TD
followed by Thal-IFN 27.7 months, in MP followed by IFN
20.2 months, in MP followed by Thal-IFN 27.6 months, log

rank test, P=0.037) (Figure 2C). TD pre-treatment for nine
months during induction phase did not diminish the dura-
tion of progression-free survival with subsequent Thal-IFN
maintenance therapy. Nevertheless, pre-exposure of
myeloma cells and/or bone marrow stroma to thalidomide
seems to significantly alter the sensitivity of the myeloma
clone to subsequent therapy. Patients who progressed dur-
ing or after maintenance therapy with Thal-IFN showed a
marked tendency for shorter survival after progression
compared to patients being exposed to IFN maintenance
only (Figure 3A); a phenomenon that had been noted in
several other,11-14,22 but not in all,23 studies that analyzed
treatment outcome after failure to therapy containing
thalidomide. Obviously, the dose and duration of thalido-
mide therapy, the type of concomitant chemotherapy, as
well as patient characteristics may influence the degree of
thalidomide induced treatment resistance. 
Patients remained in a median almost five months longer

on maintenance therapy with Thal-IFN than single agent
IFN (13.2 vs. 8.3 months, P=0.2) (Figure 2A) which is likely
due to the marked thalidomide induced delay in disease
progression. In addition, thalidomide may have mitigated
some IFN related side effects probably by suppressing IFN
mediated cytokine expression as previously shown in
murine granulomatous tissue24 or isolated human
macrophages,25 enabling patients to stay longer on mainte-
nance treatment. Survival after discontinuation of mainte-
nance therapy was remarkably long and did not differ sig-
nificantly between the maintenance groups (Figure 3B). 
Expectedly, cytogenetic risk factors as defined by FISH [t

(4; 14), t (14; 16), Del 17p, and 1q21 abnormalities] were
found to be associated with a tendency for shorter progres-
sion-free and overall survival. The relevance of this finding
is limited because FISH data could only be assessed in 66 of
the 128 patients. We, therefore, had to refrain from analyz-

H. Ludwig et al.

1552 haematologica | 2010; 95(9)

Table 2. Hematologic and non-hematologic toxicities.
Type/grade IFN Thal/IFN
n=124 63 61
missing data, n=4

G1-2 G3-4 G1-2 G3-4 P=*
Hematologic n= % n = % n = % n = %

Anemia 43 68 − − 46 75 1 2
Leukopenia 27 43 4 6 32 52 4 7
Thrombocytopenia 10 16 − − 5 8 4 7
Non-hematologic
Fatigue 31 49 5 8 43 70 5 8 0.064
Neurological 24 38 − − 38 62 4 7 0.0015
Infection 12 19 3 5 13 21 4 7
Psychological 10 16 3 5 16 26 3 5
Constipation 11 17 1 2 27 44 − − 0.0004
Dyspnea 12 19 − − 18 30 1 2 0.32
Nausea 8 13 2 3 9 15 2 3
Fever 9 14 − − 8 13 2 3
Cardiovascular 9 14 − − 8 13 1 2
Skin 7 11 − − 17 28 3 5 0.0041
Diarrhea 4 6 − − 2 3 − −

Renal impairment 3 5 − − 3 5 5 8 0.026
*χ2 for trend across grades 0-4.



ing the impact of cytogenetic risk factors by type of main-
tenance treatment. Previous data indicate that thalidomide
does not overcome the negative impact of high-risk cytoge-
netics on outcome. Attal et al.9 previously reported no ben-
efit of thalidomide maintenance therapy in patients with
del 13 or t (4; 14) and recently Morgan et al.13 presented data
from the MRC trial showing a significantly shorter survival
in patients with del 17p treated with thalidomide mainte-
nance therapy. Likewise, a significantly lower response rate
has been reported in patients with unfavorable cytogenet-
ics when thalidomide-based regimens have been compared
with bortezomib-based combinations as induction thera-
py.26,27 The only exception to these rather uniform findings
comes from the total therapy II study, where conventional
cytogenetics was used for delineation of risk groups.
Thalidomide therapy during induction and maintenance
phase resulted in higher response rates and prolonged
event-free survival, but similar overall survival compared to
the same treatment protocol without the IMiD after a
median follow up of 42 months. Unexpectedly, reanalysis
after a long follow up of a median 72 months showed a sig-
nificant prolongation of survival with thalidomide in the
subgroup of patients with abnormal cytogenetics defined
by metaphase karyotyping, but not in the entire patient
cohort.28
Both maintenance treatments were well tolerated with

grade 1 hematologic toxicity seen in up to 15% of patients.
Non-hematologic toxicity was more common in patients
on Thal-IFN. There was a tendency for more fatigue and
dyspnea, and a significantly higher frequency of polyneu-

ropathy, constipation, skin toxicity and decrease in
glomerular filtration rate in the group treated with Thal-
IFN. Patients on single agent IFN therapy discontinued
treatment either because of tumor progression or intoler-
ance, while in those on Thal-IFN maintenance, treatment
was stopped more frequently because of toxicity of thera-
py, such as polyneuropathy, constipation and fatigue, and
because of patient choice. 
In conclusion, Thal-IFN maintenance therapy resulted in

significantly longer progression-free survival but failed to
improve overall survival in comparison to single agent IFN
maintenance treatment. Patients tended to stay longer on
Thal-IFN maintenance therapy in spite of more, mostly
grade 1 and 2 polyneuropathy, constipation and skin toxic-
ity. These data show only limited benefit of Thal-IFN
maintenance treatment in elderly patients. For clinical prac-
tice, patients should be thoroughly informed about the
advantages, limitations, and potential toxicities of thalido-
mide maintenance therapy in order to allow informed deci-
sions to be made.
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Figure 3. (A) Survival after progressive disease on maintenance. (B) Survival after end of maintenance therapy. (C) Progression-free survival
by cytogenetic findings. (D) Overall survival by cytogenetic risk groups.

A Survival after progressive disease on maintenance B Survival after end of maintenance therapy

D Overall survival by cytogenetic risk groupsC Progressive-free survival by cytogenetic findings
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Appendix
The following members of the Central European Myeloma Study Group

(CEMSG) also contributed by treating patients within the maintenance phase of the
study and providing data. Austria: Michael Fridrik (General Hospital Linz), Werner
Linkesch (University Clinic Graz), Josef Thaler (Klinikum Kreuzschwestern Wels),
Alois Lang (LKH Feldkirch), Gunther Gastl (University Clinic Innsbruck), Werner
Lin (LKH Villach), Hedwig Kasparu (A.ö. Krankenhaus der Elisabethinen Linz),
Richard Greil (Private Medical University Hospital Salzburg); Czech Republic:
Jaromir Gumulec (J.G. Mendel Cancer Center, Novy Jicin), Evzen Gregora. (Fac
Hospital Kralovske Vinohrady, Prague); Slovakia: Martin Mistrik (Hospital of St.
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