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21 and 17 vs. 17 months, p = 0.004) only among internation-
al scoring system (ISS) I patients receiving MPT ± LMWH vs. 
MP ± LMWH. The group of MPT patients who also received 
LMWH had a better OS compared to those who did not 
[45  months, 95% confidence interval (CI) 27.7–62.3, vs. 32 
months, 95% CI 26.1–37.9; p  = 0.034]. When multivariate 
analysis was repeated in subgroups, thalidomide was no 
 longer a significant factor (response, PFS) among those re-
ceiving LMWH.  Conclusion:  Addition of LMWH to MPT, in 
particular in patients with low ISS, suggests additive effects, 
but the results are limited by the retrospective design of our 
study.  © 2015 S. Karger AG, Basel 

 Introduction 

 A multidisciplinary approach is essential to success-
fully fight cancer in general. Multiple myeloma treatment 
includes a wide spectrum of approaches aiming to control 
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 Abstract 

  Background/Aim:  Low-molecular-weight heparin (LMWH) 
has been shown to prolong survival among patients with 
solid tumors, but its role among myeloma patients is un-
known.  Patients:  Data from the GIMEMA (Gruppo Italiano 
Malattie Ematologiche dell'Adulto), Nordic and Turkish my-
eloma study groups comparing melphalan and predniso-
lone with (MPT, n: 404) or without thalidomide (MP, n: 393) 
are analyzed for effects of LMWH. Forty percent (159/394) of 
the patients on MPT and 7.4% (29/390) in the MP arm re-
ceived LMWH.  Results:  Thalidomide improved response and 
progression-free survival (PFS). Regardless of thalidomide 
treatment, response rate was higher among those receiving 
LMWH vs. none vs. other anticoagulants (58.1 vs. 44.9 vs. 
50.4%, p = 0.01). PFS was significantly longer (median 32 vs. 
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myeloma cell growth. Prevention or treatment of damage 
to the skeleton, bone marrow, neurons, kidneys and the 
coagulation-fibrinolytic system are essential elements of 
therapy  [1, 2] . Identification of multiple targets has led to 
an expansion in the number of drugs utilized. Immuno-
modulatory drugs have been shown to improve response 
rates and prolong survival  [1, 3–9] . Venous thromboem-
bolism (VTE) occurs in 5–25% of patients treated with 
immunomodulatory drugs and has led to prophylactic 
use of low-molecular-weight heparins (LMWH)  [2] . 
Heparin is not only an anticoagulant, it also has addition-
al anti-inflammatory and antimetastatic effects  [10–12] . 
Heparin exerts these activities through adhesion mole-
cules via the inhibition of procoagulant molecules, such 
as heparanase and protease-activated receptor (PAR-1 
and/or CD24), which are expressed by cancer cells  [2, 10–
16] . Heparin is a potent inhibitor of heparanase. How-
ever, heparanase may neutralize heparin activity  [13] . 
Myeloma cells cause an increase in heparanase expres-
sion  leading to protease, osteoclastogenesis activation 
and osteoblastogenesis inhibition  [14, 15] . Furthermore, 
heparanase-mediated syndecan-1 (CD138) shedding has 
been claimed to be responsible for myeloma progression 
 [15, 16] . The interactions of heparanoids with the micro-
environment during cancer dissemination are a continu-
ously evolving field  [12] .

  Based on these data, we hypothesized that among pa-
tients being prescribed melphalan combined with pred-
nisolone (MP)/MP with thalidomide (MPT) and LMWH, 
in addition to the well-known anticoagulant effects of 
LMWH, antimyeloma activity may also be possible. To 
analyze response, progression-free survival (PFS) and 
overall survival (OS), we pooled study data on VTE and 
anticoagulation from three trials which compared MP 
versus MPT.

  Patients and Methods 

 Individual data from 797 patients who were randomized to 
MP (n = 393) or MPT (n = 404) and published by the GIMEMA 
(Gruppo Italiano Malattie Ematologiche dell'Adulto), Nordic and 
Turkish Myeloma Study Groups were included in this retrospec-
tive analysis  [3, 7, 8] . The other three European trials which com-
pared MPT to MP were not eligible for this analysis because de-
tailed data on LMWH use were not recorded  [4–6] . Myeloma 
treatment and anticoagulation is summarized in  table 1 . Except 
for the Nordic trial and the early phase of the GIMEMA trial, an-
ticoagulation or aspirin was given routinely to MPT patients. Pa-
tients who received LMWH as routine prophylaxis or following a 
thrombotic event were assigned to the LMWH group. Likewise, 
patients receiving other anticoagulants or none were grouped to-
gether or separately ( tables 1 – 7 ;  fig. 1 ,  2 ) accordingly. Response 
equal to or more than a partial response was included in the re-
sponse analysis. The impact of the treatment arm (MPT vs. MP), 
use of anticoagulation (LMWH vs. others vs. none), use of LMWH 
(yes vs. no), prognostic factors [gender, age, international scoring 
system (ISS) and creatinine] were evaluated for effects on re-
sponse, PFS and OS.

  Statistical Analyses 
 Descriptive statistics were presented as means, standard devia-

tions, medians, minimum/maximum for quantitative variables, 
and as numbers and percentages for categorical variables. In cat-
egorical comparisons, the χ 2  test was used for independent groups 
and the Monte Carlo simulation for multigroup comparisons 
which did not meet the χ 2  requirement. Fisher’s exact test was used 
in paired group comparisons. In numerical comparisons, when 
normal distribution was not provided, the Mann-Whitney U test 
was used for paired independent groups and the Kruskal-Wallis 
test for multiple independent groups. Subgroup analysis of multi-
group comparisons were performed by Mann-Whitney U test with 
Bonferroni correction. Logistic regression analysis was used to de-
termine risk factors for response. Survival analysis was performed 
by Kaplan-Meier analysis. Cox regression analysis was used in the 
determination of risk factors affecting survival. A backward step-
wise model was also used to determine independent risk factors. 
The statistical level of significance was set at p < 0.05. All statistical 
analyses were performed using SPSS 15.0 for Windows.

 Table 1.  Distribution of patients across the GIMEMA, Nordic (NMSG12) and Turkish Myeloma Study Groups (TMSG) according to 
anticoagulation and thalidomide use

 GIMEMA NMSG12 TMSG Total

MP MPT MP MPT MP MPT MP MPT

Cases with data on
anticoagulation available, n 164 167 169 169 57 58 390 394

LMWH as prophylaxis 0 95 12 10 1 18 13 123
LMWH as treatment 2 18 11 13 3 5 16 36
Other anticoagulation 0 0 47 47 12 24 59 71
No anticoagulation 162 54 99 99 41 11 302 164

Total 164 167 169 169 57 58 390 394
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  Results 

 A total of 797 multiple myeloma patients were includ-
ed in the three clinical trials ( tables 1 ,  2 ). Altogether, 188 
patients were treated with LMWH (29 in the MP arm and 
159 in the MPT arm). The reason for LMWH administra-
tion was prophylaxis in 136 patients (13 in the MP arm 
and 123 in the MPT arm) and treatment in 52 patients (16 
in the MP arm and 36 in the MPT arm). The indications 
for treatment included VTE, arrhythmia and other car-
diac disease. VTE were not reported among the MP pa-
tients. One hundred and thirty patients received antico-
agulation other than LMWH (59 in the MP arm and 71 

in the MPT arm). In the MP group, ISS stage I was more 
common among patients not treated with LMWH (36.7 
vs. 15.4%; p = 0.049) while in the MPT arm ISS stage I was 
more common among patients treated with LMWH (42.1 
vs. 25.1%; p  = 0.003;  table  2 ). As expected, there were 
more VTEs in patients given LMWH since patients treat-
ed for VTE were included in this group.

  Effects of thalidomide and anticoagulation on re-
sponse, relapse and survival among all patients pooled to-
gether are summarized in  table 3 . Median follow-up times 
were 13 (relapse rate) and 24 (survival rate) months. In 
this study cohort, thalidomide improved response and re-
lapse rates without any significant effect on OS. LMWH 

 Table 2.  Comparison of clinical characteristics and outcomes between groups according to treatment: MP ± LMWH and MPT ± LMWH

MP p* MP + LMWH p** MPT + LMWH p*** MPT

Patients, n 361 29 159 235
Age, years 73 (49–92) 0.199 72 (65–88) 0.050 72 (63–89) 0.086 73 (55–92)
Gender

Male 58.2% 0.499 51.7% 0.672 56.0% 0.428 51.9%
Female 41.8% 48.3% 44.0% 48.1%

ISS
I 36.7% 0.049 15.4% 0.015 42.1% 0.003 25.1%
II 33.3% 53.8% 28.6% 39.9%
III 30.0% 30.8% 29.3% 35.0%

Creatinine 1.0 (0.5–8.2) 0.156 1.2 (0.6–3.4) 0.177 0.9 (0.7–12.7) 0.372 1.0 (0.6–13.2)
VTE 0.0% <0.001 55.2% <0.001 22.6% <0.001 0.9%
Response 37.5% 0.061 55.2% 0.731 58.6% 0.905 59.2%
OS

Median 35 (30.1–39.9) 0.900 39 (22.9–55.1) 0.618 45 (27.7–62.3) 0.034 32 (26.1–37.9)
1 year 78.9% 93.1% 81.3% 78.3%
3 years 49.5% 53.5% 54.0% 47.4%
5 years 32.8% 34.7% 43.3% 22.0%

PFS
Median 14 (12.3–15.7) 0.335 19 (16.5–21.5) 0.438 21 (17.7–24.3) 0.719 21 (17.9–24.1)
1 year 60.1 77.4 66 77.1
3 years 19.7 18.9 32.7 33.9
5 years 7.8 – 25.9 23.2

 Patients treated with either no anticoagulant or anticoagulants other than heparin are included in the MP or MPT groups.* p = MP vs. MP + LMWH, ** p = MP + LMWH vs. MPT + LMWH, *** p = MPT + LMWH vs. MPT.

 Table 3.  Effect of thalidomide anticoagulation, on response, relapse (after a median follow-up of 13 months) and survival (after a me-
dian follow-up of 24 months) rates

≥Partial response p Relapse p Survival p

Treatment 381/776 325/797 407/796
MP vs. MPT 38.8 vs. 59.0% <0.001 65.1 vs. 53.5% 0.001 52.7 vs. 49.6% n.s.
None vs. LMWH vs. other 44.9 vs. 58.1 vs. 50.4% 0.010 61.2 vs. 60.6 vs. 51.5% n.s. 51.7 vs. 53.7 vs. 46.5% n.s.
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 Table 5.  Comparison of OS results (months) according to treatment arm (MPT vs. MP), use of LMWH and ISS

MP
(n = 361)

MP + LMWH
(n = 29)

MPT + LMWH
(n = 159)

MPT
(n = 235)

Overall
Median 35 (30.1–39.9) 39 (22.9–55.1) 45 (27.7–62.3)* 32 (26.1–37.9)*
1 year 78.9 93.1 81.3 78.3
3 years 49.5 53.5 54.0 47.4
5 years 32.8 34.7 43.3 22.0

ISS I
Median 48.8 (43.5–54.1) 49 (42.1–55.9) 67 (36.1–97.9)** 38 (30.8–45.2)**
1 year 86.8 100.0 89.4 86.0
3 years 64.9 100.0 72.8 55.4
5 years 48.3 50.0 66.7 29.4

ISS II
Median 32 (24.7–39.3) 60 (27.2–92.8) 40.1 (32.2–48.1) 35 (21.8–48.2)
1 year 84.3 100 84.9 81.3
3 years 46.0 51.3 47.8 48.2
5 years 14.6 0.0 47.8 25.1

ISS III
Median 19 (12.2–25.8) 39 (1.2–76.8) 15 (11.1–18.9) 26 (19.7–32.3)
1 year 64.1 87.5 63.4 65.8
3 years 24.3 72.9 30.5 37.5
5 years 21.6 0.0 18.3 5.0

 There were no significant differences of MP vs. MP + LMWH vs. MPT vs. MPT + LMWH.* p = 0.034, ** p = 0.016, MPT + LMWH vs. MPT.

 Table 4.  Comparison of PFS rate and duration between treatment groups according to ISS 

MP
(n = 361)

MP + LMWH
(n = 29)

MPT + LMWH
(n = 159)

MPT
(n = 235)

p1

Overall
Median 14 (12.3–15.7)* 19 (16.5–21.5) 21 (17.7–24.3)* 21 (17.9–24.1) <0.001
1 year 60.1 77.4 66 77.1
3 years 19.7 18.9 32.7 33.9
5 years 7.8 – 25.9 23.2

ISS I
Median 17 (13.5–20.5)** 17 (12.2–21.8) 32 (23.8–40.2)** 21 (12.9–29.1) 0.004
1 year 65.9 100 80.4 76.3
3 years 22.7 0.0 41 35.9
5 years 7.8 – 41 31.4

ISS II
Median 14 (11.3–16.7) 19 (12.9–25.1) 21 (13.2–28.8) 24 (16.2–31.8) n.s.
1 year 57.2 71.4 66.5 78.6
3 years 21.5 27.6 36.3 25.6
5 years 0.0 27.6 36.3 12.8

ISS III
Median 12 (10.3–13.7) 27 (11.7–42.3) 12 (3.3–20.7) 18 (14.5–21.5) n.s.
1 year 55.5 68.6 51.5 68.3
3 years 10.6 25.7 22.3 34.5
5 years 10.6 – 0.0 20.7 * p = 0.002, ** p = 0.001, MP vs. MPT + LMWH; overall: p < 0.001, ISS I: p = 0.034, ISS II: p = 0.019, ISS III: p = 0.018, MP vs. MPT.
1 Comparison of MP vs. MP + LMWH vs. MPT vs. MPT + LMWH.
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seems to improve response rates without a significant ef-
fect on relapse rate or OS. PFS was significantly better 
among patients treated with thalidomide and/or LMWH 
compared to patients not receiving any of these drugs 
(p < 0.001;  fig. 1 ) As seen in  figure 2 , OS was not signifi-
cantly  influenced by thalidomide or LMWH.  Tables 4  
(PFS) and  5  (OS) summarize the effects of thalidomide 
according to ISS. When LMWH was added to MP there 
was a trend to a higher response rate (55.2 vs. 37.5%; p = 
0.061) but no significant effect on PFS (median 19 vs. 14 
months; p = 0.335) or OS (median 39 vs. 35 months; p = 
0.900;  tables 2 ,  4 ,  5 ). In subgroup analyses of the MP pa-
tients, there was a trend to prolongation of both PFS and 
OS in ISS stages II and III but not in ISS stage I in patients 
receiving LMWH ( tables 4 ,  5 ). When LMWH was added 
to MPT, there was a significant improvement in OS (me-
dian 45 vs. 32 months; p = 0.034;  tables 2 ,  4 ,  5 ) but no sig-
nificant effect on response rate or PFS. In subgroup anal-
ysis of the MPT patients, PFS (32 vs. 21 months; p = 0.004) 
was significantly longer among patients receiving LMWH 
in ISS stage I only ( tables 4 ,  5 ). Regardless of LMWH, ad-
dition of thalidomide to MP significantly improved PFS 
from a median of 14 to 21 months overall (p < 0.001) and 
in all ISS stages ( table 4 ). In the whole study population, 
patients receiving LMWH as treatment had a higher re-
sponse rate than those receiving LMWH as prophylaxis 
(72.5 vs. 52.6%, p = 0.014), but this did not translate into 
improved PFS or OS. When MP was combined with both 

thalidomide and LMWH, OS improved significantly (45 
vs. 32 months, p = 0.034) especially among patients in ISS 
stage I (67 vs. 38 months, p = 0.016;  table 5 ).

  In univariate analysis, use of thalidomide (MPT), use of 
anticoagulation (LMWH) and ISS I were significantly as-
sociated with better response and PFS. Lower ISS (p  < 
0.001) as well as age younger than 65 years (p = 0.001) were 
associated with improved OS ( table 6 ). When univariate 
analysis was repeated within the MPT group, LMWH was 
found to have a significant impact on OS (OR = 0.720, 95% 
CI: 0.526–0.985, p = 0.04). In a similar analysis within the 
MP group, LMWH tended to affect response (OR = 1.961, 
95% CI: 0.909–4.229, p = 0.086) but not OS or PFS.

  Using logistic regression analysis among all patients 
(data not shown), only age and ISS were significantly as-
sociated with OS. When the population consisted of those 
not receiving anticoagulation, the treatment arm (MPT) 
appeared to have an independent association with re-
sponse and PFS or OS ( table 7 ). If multivariate analysis was 
limited to patients receiving LMWH, the only significant 
independent predictor of OS and PFS was ISS ( table 7 ).

  Discussion 

 The interaction between cancer cells and coagulation 
has been known for many years  [2, 12, 20, 21] . While can-
cer cells trigger coagulation and cause an increased inci-

 Table 6.  Results of univariate analysis on the impact of age, ISS, treatment arm (MPT vs. MP) and anticoagulation (none vs. LMWH vs. 
other anticoagulants) on response, PFS and OS

Response PFS  OS

OR 95% CI OR p OR 95% CI OR p OR 95% CI OR p

Treatment arm
MPT 2.264 1.699–3.018 <0.001 0.656 0.547–0.788 <0.001 1.060 0.869–1.294 n.s.

Anticoagulation
None 0.010 n.s. n.s.
LMWH 1.697 1.202–2.396 0.003 0.799 0.643–0.994 0.044 0.874 0.682–1.120 n.s.
Others 1.246 0.836–1.856 n.s. 0.871 0.667–1.136 n.s. 1.283 0.979–1.682 n.s.

Age group
<65 years n.s.  n.s.  0.001

65–70 years 1.826 0.732–4.556 n.s. 0.828 0.488–1.405 n.s. 1.001 0.525–1.908 n.s.
71–75 years 1.692 0.677–4.227 n.s. 0.746 0.439–1.268 n.s. 0.994 0.521–1.898 n.s.
76–80 years 1.449 0.569–3.69 n.s. 0.754 0.435–1.306 n.s. 1.336 0.692–2.577 n.s.

>80 years 1.055 0.399–2.791 n.s. 0.754 0.423–1.343 n.s. 1.836 0.940–3.585 n.s.
ISS

I 0.029  0.004 <0.001
II 0.902 0.628–1.296 n.s. 1.169 0.929–1.472 n.s. 1.692 1.281–2.235 <0.001
III 0.617 0.425–0.896 0.011 1.500 1.180–1.905 0.001 2.990 2.276–3.926 <0.001
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dence of VTE, cancer progression is facilitated by blood 
coagulation. During the last decade, studies (mainly on 
lung cancer) have shown a survival benefit among pa-
tients on LMWH, particularly in those with a good prog-
nosis  [21–24] . It has been claimed that even short courses 
of treatment may be sufficient to achieve these effects 
 [21] . LMWH exert their activities through antithrombin 
and membrane-located receptors, such as protease-acti-
vated receptors  [12, 13] . Using a combination of array 
comparative genomic hybridization and gene expression 
profiles, the University of Arkansas Group discovered 
PAR1 [coagulation factor II (thrombin) receptor or F2R; 
5q13.3] expression to be strongly correlated with gains in 
chromosome 5, a consistent feature of the hyperploid 
molecular subtype of multiple myeloma  [14, 17–19] .

  The antimyeloma effects of thalidomide derive from 
anticytokine and anti-angiogenic properties. Thalido-
mide shares a thrombogenic potential with myeloma and 
thus necessitates frequent use of anticoagulation. Accu-
mulating evidence suggesting anticancer and antimyelo-
ma activities of heparin arising from the interaction be-
tween heparins and matrix-related proteins has led to the 
analysis performed in this study.

  Data from three randomized clinical trials comparing 
MPT with MP were used in this retrospective analysis, 
which is the first to investigate the role of LMWH in this 
setting. Previous results indicate antimyeloma effects of 
LMWH and support our hypothesis that addition of 
LMWH compared to no anticoagulation or other antico-
agulants significantly improved response rates, resulted 

 Table 7.  Results of subgroup multivariate analysis of prognostic factors (age, ISS and treatment with thalidomide) on response, PFS and 
OS among those receiving no anticoagulation or LWMH or others

Response PFS OS

p OR  95% CI p OR 95% CI p OR 95% CI 

No anticoagulation (n = 466)
Age group (<65 years) 0.272 <0.001 0.997

65–70 years 0.629 1.343 0.406 4.438 0.084 2.267 0.896 5.738 0.937 0.973 0.496 1.910
71–75 years 0.852 1.120 0.341 3.676 0.132 2.024 0.809 5.063 0.872 0.946 0.486 1.844
76–80 years 0.833 1.140 0.338 3.838 0.018 3.084 1.213 7.842 0.797 0.912 0.454 1.832

>80 years 0.372 0.548 0.146 2.053 0.002 4.579 1.771 11.838 0.869 0.939 0.443 1.989
ISS I 0.036 <0.001 0.119

II 0.175 0.712 0.436 1.163 0.048 1.437 1.004 2.056 0.293 1.172 0.872 1.574
III 0.010 0.510 0.305 0.853 <0.001 2.825 1.979 4.032 0.040 1.409 1.015 1.954

Treatment (MPT) 0.001 2.050 1.336 3.144 0.142 1.235 0.932 1.638 0.001 0.618 0.468 0.814

LMWH (n = 188)
Age group (<65 years) 0.957 0.586 0.664

65–70 years 0.660 1.758 0.143 21.665 0.660 1.388 0.321 5.999 0.431 0.610 0.179 2.085
71–75 years 0.595 1.974 0.161 24.244 0.912 1.087 0.249 4.739 0.248 0.482 0.140 1.661
76–80 years 0.588 2.034 0.155 26.654 0.744 0.773 0.166 3.613 0.243 0.465 0.128 1.681

>80 years 0.803 1.406 0.096 20.505 0.701 1.368 0.277 6.759 0.361 0.530 0.136 2.070
ISS I 0.266 <0.001 0.019

II 0.615 0.820 0.377 1.780 0.015 2.210 1.163 4.197 0.256 1.342 0.808 2.228
III 0.109 0.525 0.239 1.155 <0.001 4.570 2.471 8.454 0.005 2.067 1.245 3.432

Treatment (MPT) 0.946 1.032 0.412 2.584 0.360 1.352 0.708 2.580 0.652 0.874 0.488 1.566

Others (n = 130)
Age group (<65 years) 0.216 0.053 0.953

65–70 years 0.980 0.965 0.056 16.660 0.080 0.245 0.051 1.182 0.937 1.088 0.137 8.633
71–75 years 0.895 0.823 0.045 14.988 0.079 0.233 0.046 1.184 0.985 0.980 0.118 8.166
76–80 years 0.291 0.203 0.011 3.905 0.561 0.625 0.128 3.045 0.854 0.814 0.092 7.220

>80 years 0.903 0.833 0.044 15.748 0.147 0.307 0.062 1.516 0.884 0.855 0.104 7.027
ISS I 0.012 0.126 0.446

II 0.004 10.919 2.188 54.478 0.918 1.054 0.388 2.861 0.591 1.284 0.516 3.200
III 0.040 5.141 1.081 24.456 0.239 1.846 0.665 5.122 0.273 1.689 0.662 4.312

Treatment (MPT) 0.001 5.373 2.059 14.022 0.045 0.559 0.316 0.988 0.056 0.586 0.339 1.014
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in a decreased relapse rate (all patients) and improved OS 
(MPT patients). The best survival was observed when 
both thalidomide and LMWH were given, with a 5-year 
survival of 43.3% compared to 32.8% among those who 
did not receive any of these drugs. When the MP and 
MPT groups were analyzed separately, addition of LMWH 
significantly improved OS in the MPT group only, ex-
tending median OS from 32 to 45 months (p = 0.034). 
Subgroup analysis of the MPT patients indicated that the 
beneficial effect of LMWH treatment was more pro-
nounced in low-risk patients with a significant prolonga-
tion of PFS (p = 0.004) and a trend to improvement of OS 
in ISS I. Furthermore, in Kaplan-Meier analysis, thalido-
mide and LMWH were found to improve OS (p < 0.001).

  A larger proportion of patients in the MPT group re-
ceived LMWH compared to the MP group, and the in-
dication was prophylaxis in the majority of patients, 
while in the MP group the indication for LMWH was 
equally distributed between prophylaxis and treatment. 
A comparison of the LMWH indication, treatment ver-
sus prophylaxis, revealed a response advantage in favor 
of treatment but did not produce a significant effect on 
PFS or OS. Thrombosis has been reported to have ad-
verse effects on survival of patients with multiple my-
eloma  [17] . We cannot exclude that the beneficial effect 

of LMWH on OS that we have observed to some extent 
may be due to the prevention of VTE-related deaths. 
Unfortunately, we have not been able to study causes of 
death in detail.

  Long-term results from the thalidomide studies imply 
that patients with a good prognosis benefit most from 
thalidomide. In the MRC Myeloma IX trial, the authors 
concluded that patients possessing good cytogenetic risk 
with/without ploidy benefit the most from thalidomide 
maintenance  [25, 26] , which is in accordance with the 
beneficial effects of LMWH found especially in low ISS 
patients in our study. There seems to be a similarity be-
tween biological features of patients who improve their 
outcome with thalidomide and LMWH.

  Conversely, heparin may exert effects through syn-
decan-1 (CD138), which is highly expressed on myelo-
ma cells and is a proteoglycan containing attachment 
sites for heparan sulfate  [16] . Heparanase, which was 
shown to be highly expressed by myeloma cells, may 
cause syndecan-1 shedding and lead to tumor prolifera-
tion as well as dissemination. As heparin and heparan-
ase seem to antagonize each other, heparin may mediate 
a beneficial effect. However, soluble heparin, mainly the 
unfractionated one, has been shown to displace hepato-
cyte growth factor from sites such as marrow into the 
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circulation in normal subjects  [24] . Thus, there is also a 
potential that heparin may induce hepatocyte growth 
factor-mediated myeloma proliferation  [27] .

  In conclusion, we were able to report, for the first time, 
better response rates (MP and MPT combined) and pro-
longation of OS (MPT patients) among patients receiving 
LMWH. Furthermore, we were able to show that the ben-
efits of thalidomide regarding significant and indepen-
dent responses and PFS are limited to patients who are 
not receiving LMWH or other antithrombotic agents. 
Since significant PFS and OS benefits of LMWH were 
mostly observed among ISS I patients, the prognostic fea-
tures of patients who benefit from both thalidomide and 
LMWH may be similar. However, our results, which are 

based on retrospective analyses, need to be interpreted 
cautiously. The lack of prospective trials prevents us from 
unveiling heparin-mediated interactions among myelo-
ma patients receiving LMWH.
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