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Cellular Proteolysis and Oncology

Effect of low-molecular-weight heparin on survival in patients with
advanced pancreatic adenocarcinoma
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Summary

This retrospective analysis aimed to identify whether low-mo-
lecular-weight heparins (LMWH) might improve survival in pa-
tients receiving chemotherapeutic treatment for advanced pan-
creatic adenocarcinoma.Two hundred forty-three patients who
had received chemotherapy for advanced pancreatic adenoc-
arcinoma were identified from a prospectively maintained data-
base. Of these, 30 patients had to be excluded from analysis due
to insufficient documentation. Of the remaining 213 patients 94
patients had been treated with LMWH, whereas |19 patients
served as controls. Outcome was assessed in relation to over-
all survival, which was calculated from the date of initiation of
chemotherapy to the date of death.There was no significant dif-
ference (hazard ratio, 0.8; 95% confidence interval (Cl), 0.6 to
I.1;P=0,2) between the two groups in terms of overall survival.

Keywords
Low-molecular-weight heparin, pancreatic adenocarcinoma,
metastasis, survival

The median survivalwas 7.1 months (95% CI,5.8-8.4 months) in
the LMWH group and 5.9 months (95% CI, 5.1-6.7 months) in
the non-LMWH group. A positive effect of LMWH was seen in
patients with metastatic disease (hazard ratio for LMWH vs.
non-LMWH, 0,6; 95% ClI, 0,4 to 0,8; P=0,006) in contrast to
those without metastatic disease (hazard ratio for LMWH vs.
non-LMWH, 1;95% ClI, 0.6 to 1.7;P=0,96).The median survival
of patients with metastatic disease was 6,6 months (95% ClI,
5-8,2 months) and 3.8 months (95% CI,2.5-5.1 months) for the
LMWH group and the non-LMWH group, respectively. In con-
clusion, we found for metastatic pancreatic adenocarcinoma a
survival advantage for patients receiving LMWH. Nevertheless,
our observations need confirmation by prospective randomized
studies.
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Introduction

Pancreatic cancer is a deadly disease and the fourth most com-
mon cause of cancer death in the Western world (1). Since
chemotherapy and radiotherapy have thus far largely failed to
significantly improve the survival of patients with pancreatic
adenocarcinoma, the effect of best supportive care, as well as en-
doscopic biliary decompression are of great importance (2).
Thromboembolic disease is also a common complication of
pancreatic cancer and is causally associated with the generation
of an intrinsic hypercoagulable state. In fact, thromboembolic
disorders associated with visceral cancer have been recognized
since 1865, when Armand Trousseau first reported a high inci-
dence of venous thrombosis in a series of patients with gastric
carcinoma. Among all gastrointestinal malignancies pancreatic
carcinoma has been associated historically with the greatest risk

of thromboembolic disease (3). Pancreatic cancer cells activate
platelets and express several procoagulant factors, including tis-
sue factor and thrombin. The activation of coagulation might
also be related to enhanced tumour growth and angiogenesis (4).

Therapy for cancer-related thromboembolic disease includes
use of low-molecular-weight heparins (LMWH). Strong data
suggest that heparins, especially LMWH, offer advantages over
warfarin in terms of efficacy of anticoagulation (5), as well as
anticancer effects (including inhibition of angiogenesis) (6).
Emerging clinical data support this finding by showing im-
proved outcomes with the use of LMWH in patients with solid
tumors (7).

In this retrospective study of 213 patients we focussed on the
effect of LMWH on survival of patients with advanced pancre-
atic adenocarcinoma, which was calculated from the date of
initiation of chemotherapy to the date of death.
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Materials and methods

Patient selection

Following approval by local ethics committees, our sequential
and prospectively maintained institutional database was retro-
spectively searched in order to identify all patients with advanced
pancreatic adenocarcinoma who received chemotherapeutic
treatment at our institution (Department of Internal Medicine 11,
Technical University of Munich, Klinikum rechts der Isar, Mu-
nich, Germany) between August 1987 and October 2003. Only
patients for whom information on the clinicopathologic char-
acteristics and treatment modalities and for whom follow-up
data were available were enrolled in this study. Data including
patient age, gender, Karnofsky Performance Status, the presence
or absence of metastases and date of death were abstracted by re-
view of patient medical records.

Treatment

Therapy was administered on an outpatient basis. Patients receiv-
ed one of the following initial treatment modalities: 1) Gemcita-
bine (Gem); 2) low-dose cyclophosphamide, leucovorin, 5-fluor-
ouracil and tamoxifen (CLFT) (8); 3) CLFT and interferon alpha
(CLFTI); 4) epirubicine and cyclophosphamide (EC); 5) non-pep-
tide cholecystokinin receptor antagonist (SR 27897B) (9); 6) other
chemotherapeutic regimens (not reported in detail, since each util-
ized in less than 5% of patients); and 7) chemoradiation (concomi-
tant chemotherapy enlisted in [1-6]). Therapy was chosen at the
physician's discretion. The treatment response was assessed ac-
cording to standard response criteria. If possible, second- and
third-line chemotherapy were administered.

At our institution, main indications for treatment with
LMWH involve prophylaxis of port or deep vein thrombosis,
treatment for venous thromboembolism (VTE) and atrial fibril-
lation.

For this analysis patients were referred to the LMWH group
when they had received LMWH at least once after the beginning
of chemotherapy. All other patients served as controls (non-
LMWH group).

Statistical methods

Statistical analyses were performed using SPSS version 14.0
(Statistical Package for the Social Sciences, SPSS Inc., Chicago,
IL, USA) and StatXact version 5 (Cytel Statistical Software Cor-
poration, Cambridge, MA, USA). The Kaplan-Meier method
was used to generate survival curves. The log-rank test was used
to test for survival differences. Overall survival was calculated
from the date of initiation of chemotherapy to the date of death.
Median survival time is given along with respective 95% confi-
dence intervals (CI) for either subgroup. Hazard ratios with 95%
CI were calculated with Cox regression. Statistical comparisons
between the LMWH and non-LMWH group in the demo-
graphics table are due to the t-, Welch-, Mann-Whitney-U-,
Fisher exact or Chi’-test, as appropriate. Qualitative outcomes
are given as relative or absolute frequencies. Confidence inter-
vals are calculated as exact, 95% Blyth-Still-Casella CI’s using
StatXact 5. Quantitative outcomes are reported with mean +
standard deviation (SD) or median and (range). Any p-values
given are two-sided and subject to a significance level of 0.05.

Results

Patient characteristics

Two hundred forty-three patients with inoperable pancreatic ade-
nocarcinoma receiving chemotherapeutic treatment were ident-
ified. Thirty patients had to be excluded from analysis due to in-
sufficient documentation. From the remaining 213 patients 94
patients were referred to the LMWH group and 119 patients to
the non-LMWH group. For the LMWH group dalteparin na-
trium (Fragmin®, Pfizer Pharma) in a prophylactic dosage was
given to 50 patients, certoparin natrium (MonoEmbolex® NM,

Table |I: Characteristics of all 213 patients.

LMWH Non-LMWH | P

No. of patients 94 119

Age, years 0.46

Median 65 61

Mean 63.2 62.3

Range 38-8I 43-8|

Sex male/female 5374l 80/39 0.1

Karnofsky performance status 0.83

100% 0 |

90% 36 25

80% 28 I5

70% 14 8

60% 2 4

50% 0 |

40% 0 |

N/A 14 64

Mean body mass index * 253+42 249+35 0.5

standard deviation, kg/m?

Median CA19-9 911 (2-999,000) | 1,270 0.75

(<32 U/ml, range) (2-1,390,000)

Metastases 61 (n=90) 63 (n=110) 0.13

Mean time from initial 1.7+12 1.6+ 1.1 0.33

diagnosis to start of chemo-

therapy, months

Chemotherapeutic regimen <
107

Gem 37 25

CLFT 23 20

CLFTI 7 15

EC 0 23

Others 27 36

Chemoradiotherapy 16 13 0.2

NJ/A, not assessed. Gem, gemcitabine; CLFT, low-dose cyclophosphamide, leucovorin, 5-fluorouracil

and tamoxifen; CLFTI, CLFT and interferon alpha; EC, epirubicine and cyclophosphamide.
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Table 2: Characteristics of patients with metastatic disease.

LMWH Non-LMWH P
No. of patients 6l 63
Age, years 0.38
Median 63 6l
Mean 63.1 618
Range 38-81 43-8|
Sex male/female 36/25 43720 0.35
Karnofsky performance status 0.07
100% 0 0
90% 24 13
80% 23 8
70% 7 4
60% 0 3
50% 0 I
40% 0 I
N/A 7 33
Mean body mass index 253132 253136 0.92
standard deviation, kg/m?
Median CAI9-9 1,450 2815 0.53
(<32 U/ml, range) (9-999,000) | (2-1,390,000)
Mean time from initial .51 1.0 1.7£12 0.37
diagnosis to start of chemo-
therapy, months
Chemotherapeutic regimen <10°
Gem 26 12
CLFT 16 10
CLFTI 3 8
EC 0 13
Others 16 20
Chemoradiotherapy 9 4 0.15
N/A, not assessed. Gem, gemcitabine; CLFT, low-dose cyclophosphamide, leucovorin, 5-fluorour-
acil and tamoxifen; CLFTI, CLFT and interferon alpha; EC, epirubicine and cyclophosphamide.

Novartis Pharma) in a prophylactic dosage to 39 patients and na-
droparin calcium (Fraxiparin®, GlaxoSmithKline) in a thera-
peutic dosage (adjusted according to the patient’s weight) to five
patients, respectively. Al LMWH were administered subcu-
taneously.

Patient characteristics, including age, gender, Karnofsky Per-
formance Status, chemotherapeutic treatment and presence of
metastases at the start of treatment are presented in Table 1. There
was a significant difference between both groups concerning
chemotherapeutic agents. In the LMWH group a larger propor-
tion of patients received gemcitabine regimens owing to the fact
that patients referred to the LMWH group received chemothera-
peutic treatment rather later during the study period. Otherwise,

there were no significant differences between the two groups in
terms of baseline characteristics, although in the LMWH group
there were non-significant trends towards a larger proportion of
female patients and more patients with metastatic disease. Char-
acteristics of patients with metastatic disease are separately dis-
played in Table 2.

Effect of LMWH on survival

There was no significant difference (P=0.2) between the two
groups in terms of overall survival (calculated from the date of
initiation of chemotherapy to the date of death), although for the
LMWH group there was a trend towards improved survival dur-
ing the first year of chemotherapeutic treatment (Fig. 1). The
median survival was 7.1 months (95% CI, 5.8—8.4 months) in the
LMWH group and 5.9 months (95% CI, 5.1-6.7 months) in the
non-LMWH group. The hazard ratio of mortality was 0.8 (95%
CL 0.6-1.1; P=0.2) in favor of the LMWH group. A positive ef-
fect of LMWH was seen in patients with metastatic disease (haz-
ard ratio for LMWH vs. non-LMWH, 0.6; 95% CI, 0.4-0.8;
P=0.006; Fig. 2) in contrast to those without metastatic disease
(hazard ratio for LMWH vs. non-LMWH, 1; 95% CI, 0.6-1.7,
P=0.96). The median survival of patients with metastatic disease
was 6.6 months (95% CI, 5-8.2 months) and 3.8 months (95%
CI, 2.5-5.1 months) for the LMWH group and the non-LMWH
group, respectively. The median survival of patients without
metastatic disease was 10.3 months (95% CI, 5.8-14.8 months)
and 8.3 months (95% CI, 6.8-9.8 months) for the LMWH group
and the non-LMWH group, respectively.

Survival rates differentiated between each utilized LMWH in
comparison to the non-LMWH group are shown in Table 3.
Overall, there was no major divergency between the individual
LMWH subgroups and the combined LMWH group.

Tumor response to chemotherapy could be evaluated in 177
patients (76 in the LMWH group and 101 in the non-LMWH).
No complete response and fourteen partial responses (7.9%,
95% Cl, 4.7%—-12.7%) were observed [5 in the LMWH group
(6.6%, 95% CI, 2.6%—14.5%) and 9 in the non-LMWH (8.9%,
95% CI, 4.6%—-15.9%); P=0.78 for difference]. Seventy addi-
tional patients (39.6%, 95% ClI, 32.3%—47%) had stable disease
for at least two months [32 in the LMWH group (42.1%, 95% ClI,
31.3%-53.7%) and 38 in the non-LMWH (37.6%, 95% ClI,
28.3%—47.2%); P=0.64 for difference].

Discussion

In this retrospective analysis of 213 patients with advanced pan-
creatic adenocarcinoma we found a trend towards improved sur-
vival (calculated from the date of initiation of chemotherapy to
the date of death) in patients who received LMWH in addition to
chemotherapy. For those, median survival was 7.1 months in
comparison to 5.9 months for patients without LMWH. Both
values lay within the range of most studies investigating palli-
ative chemotherapy for pancreatic cancer (10). The difference in
median survival rates reached statistical significance when com-
paring patients with metastatic disease (6.6 vs. 3.8 months,
P=0.006).

The mechanisms through which LMWH exerted their life-
prolonging effects in our study remain speculative.
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Figure |: Survival in patients with (n=94, green line) and without (n=119, blue line) LMWH. Log-rank test P=0.2 (two-sided) for the
overall comparison between the treatment groups. The hazard ratio of mortality was 0.8 (95% Cl, 0.6 to |.1; P=0.2) in favour of the LMWH group.
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Figure 2: Survival in patients with metastatic disease (n=124). The hazard ratio of mortality was 0.6 (95% ClI, 0.4 to 0.8; P=0.006) for the
overall comparison between the treatment groups in favour of the group receiving LMWH (green line; controls, blue line).
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No. of all patients

Median survival of all
patients

Table 3: Survival with regard to different
LMWH (in comparison to the non-
LMWH group).

P for difference to
non-LMWH group

Dalteparin natrium 50 74(55-93) 0.47

Certoparin natrium 39 7(5-9.1) 0.2

Nadroparin calcium 5 5.6 (2.5-87) 0.82

Combined LMWH 94 7.1 months, 95% Cl. 0.2
5.8-8.4 months

No LMWH 119 5,9 months, 95% Cl, na.

5.1-6.7 months

No. of patients with-
out metastatic dis-
ease

Median survival of
patients without
metastatic disease

P for difference to
non-LMWH group

Dalteparin natrium 12 (n=12) 10.1 3.2-16.9) 0.93

Certoparin natrium 15 (n=36) 103 (3.8-16.8) 0.95

Nadroparin calcium 2 (n=4) na. na.

Combined LMWH 29 (n=90) 10.3 months, 95% Cl, | 0.96
5.8 —14.8 months

No LMWH 48 (n=110) 8.3 months, 95% Cl, na.

6.8-9.8 months

No. of patients with
metastatic disease

Median survival of
patients with meta-
static disease

P for difference to
non-LMWH group

Dalteparin natrium 38 (n=38) 6.5(1.5-11.6) 0.046

Certoparin natrium 21 (n=36) 6.8(42-93) 0.009

Nadroparin calcium 2 (n=4) na. na.

Combined LMWH 61 (n=90) 6.6 months, 95% Cl, 0.005
5-8.2 months

No LMWH 63 (n=110) 3.8 months, 95% Cl, na.
2.5-5.1 months

with documented metastatic status in brackets.

n.a., not applicable. No p-values for nadroparin calcium, since too few patients. 95% Cl, 95% confidence interval. Number of patients

Experimental studies have shown that LMWH can interfere
with growth factor activity, angiogenesis, and other tumor
growth mechanisms (11). In this regard, there has been extensive
evaluation of the potential role that the coagulation system plays
in tumor-stromal interactions at a molecular level. Tissue factor
is frequently overexpressed as a result of progression from be-
nign to malignant phenotype, and that overexpression is associ-
ated with aggressive behavior and poor outcome in pancreatic
cancer (12). Heparin administration can also block P-selectin
based interactions between platelets and tumor cells, thereby at-
tenuating metastatic processes (13).

For the clinical setting, the results of two randomized, placebo-
controlled trials designed to evaluate whether LMWH can im-
prove survival in patients with advanced or incurable solid tumors
have been reported to date. The FAMOUS study randomized 385
patients to receive either dalteparin or placebo once daily for one
year or until death, but failed to show a significant difference be-
tween the two study groups at the prespecified mortality end point
12 months after randomization (14). In contrast, the MALT trial
including 302 patients with solid tumor malignancy showed a sig-
nificant advantage in probability of survival after a brief course of
subcutaneous nadroparin (15). In an (a priori specified) subgroup

of patients with a life expectancy of six months or more at enroll-
ment, the effect on survival was more pronounced (hazard ratio,
0.64) than in patients with a shorter life expectancy (hazard ratio,
0.88). Finally, the CLOT investigators examined survival data in a
posthoc analysis in patients with solid tumors and VTE who were
randomly assigned to dalteparin or a coumarin derivative for six
months (6). The use of dalteparin relative to coumarin derivatives
was associated with improved survival in patients with solid tu-
mors who did not have metastatic disease at the time of the acute
venous thromboembolic event.

The first randomized study investigating a specific tumor en-
tity was published by Altinbas et al. (16). The effectof a prophylac-
tic dose of dalteparin given in combination with chemotherapy
versus chemotherapy alone in patients with small-cell lung cancer
(42 patients per group) was tested. This trial demonstrated an im-
provement in overall survival for the patients assigned to receive
LMWH. Recently, Icli et al. found that the addition of LMWH to
a gemcitabine plus cisplatin combination significantly improved
the response and survival in patients with advanced pancreatic
cancer in a non-randomised trial (17). The LMWH group had a
better median time to progression and survival when compared to
control group (7.3 vs. 4.0 months, P=0.0001; 13.0 vs. 5.5 months,
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P = 0.0001). The toxicity was similar and acceptable in both
groups.

Herein, we report our experience with the addition of
LMWH to chemotherapy with regard to survival in patients suf-
fering from advanced pancreatic adenocarcinoma. Our data sug-
gest a survival advantage for patients with metastatic disease re-
ceiving LMWH in addition to conventional chemotherapy,
thereby offering more evidence that the coagulation system may
be intrinsically involved in pancreatic tumorigenesis or tumor
progression. Due to the retrospective nature of our study we did
not collect data concerning thromboembolic events to prevent
confounding by eventually incomplete documentation of sub-
clinical thromboembolic disease. Therefore, the observed sur-
vival benefit could also be related to the prevention or attenu-
ation of VTE given its high incidence in patients with pancreatic
cancer. In fact, rheological alterations are commonly found in
malignant disease and are most pronounced in advanced-stage
cancer (18). Furthermore, in our study there were no major dif-
ferences between the individual LMWH used regarding survival
rates, although each may exhibit particular anticancer and anti-

Our analysis is non-randomized, but comprises comparable
populations who were all treated at a single institution. We ob-
served some imbalance concerning chemotherapeutic regimens.
However, to date studies showing definite survival advantage of
one chemotherapeutic agent over another are missing. Moreover,
in our patients chemotherapy did apparently not contribute to the
differences in survival between the LMWH and the non-LMWH
group as response rates (indicating the effect of chemotherapy)
were similar in both groups. Nevertheless, we cannotexclude the
possibility that our observations are due to chance and further
imbalance of unknown prognostic variables. Overall, the results
of this analysis should be interpreted with caution.

Future studies designed to confirm the antitumor effects of
LMWH and to explore the associated pathophysiological mech-
anisms are awaited.
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