Experimental
Exp Oncol 2007

29,2,111-115 NCOLOGY

THROMBOELASTOGRAPHIC PROFILES AS ATOOL FOR
THROMBOTIC RISK IN DIGESTIVE TRACT CANCER

M.L. Papa’, F. Capasso’, L. Pudore’, S. Torre', S. Mango’, V. Russo’, P. Delrio’, R. Palaia’, F. Ruffolo’,
M.D. d’Eufemia’, D. De Lucia® *, M. Napolitano’, P. Di Micco®, V. Parisi’

!Laboratory of Haemostasis and Thrombosis, San Giovanni Bosco Hospital of Naples, Naples, Italy
2Division of Oncological Surgery, Istituto Nazionale Tumori, IRCCS, Fondazione Pascale, Naples, Italy
JPathology Division, Second University of Naples, Naples, Italy
4Fatebenefratelli Hospital of Naples, Naples, Italy

Background: Quantification of the magnitude of thrombotic risk associated with malignancy and with anti-cancer therapy is indispensable
to use anticoagulant drugs which selectively interfere with haemostatic mechanisms protecting patients from venous thromboembolism
(VTE) and probably from tumor progression. However, none of activation coagulation markers has any predictive value for the occurrence
of the thrombotic events in one individual patient. Current clotting methods can’t reveal the overall dynamic clot formation; in contrast
thromboelastographic methods specifically assess overall coagulation kinetics and its strength in whole blood. Aim: Objective of study
was to evaluate if the activation of coagulation as eventually revealed by ROTEM® thromboelastometry could assess an hypercoagulable
state in surgical neoplastic patients. Patients and Methods: Fifty consecutive patients with carcinoma of the digestive tract in preoperative
period (23 M, 27 F aging 61.5 (45—79 years) and 147 healthy subjects (71 M, 76 F) were studied. A recent thromboelastometric method
based on thrombelastography after Hartert was employed. Measurements were performed on ROTEM Coagulation Analyzer. The con-
tinuous coagulation data from 50 min course were transformed into dynamic velocity profiles of WB clot formation. Results: Standard
parameters (CT, CFT, MCF) of cancer patients were similar to controls. CT (in cancer patients): females 50 s (38.3—58.7), males 50 s
(42—71.2) vs 51 s (42—59), p = 0.1210 / 53 s (42—74.8), p = 0.1975 (in controls). CFT (in cancer patients): females 72 s (32- 92.4),
males 80 s (50.2- 128.7) vs 78 s (62—100), p = 0.0128 / 80 s (59—124.4), p = 0.9384 (in controls). MCF (in cancer patients): females
70 mm (59.9—82.5), males 63 mm (56—73.7) vs 69 mm (59—95.8), p = 0.9911 / 69 mm (53.6—90), p = 0.0135 (in controls). Females
showed a higher MaxVel when compared to males. The MaxVel was increased in cancer patients: females 19 mm /100 s (14.3—49.5)
males 18 mm /100 s (11—27) vs 15 mm 100 s (11.8—22), p <0.001 / 13 mm / 100 s (10—21.8), p < 0.001 in controls . The t-MaxVel was
shortened in cancer patients: females 65 s (48.6—112.8), males 81 s (50.1—135.9) vs 115 s (56.8—166), p <0.001 / 115 s (59.8—180.8),
p=0.0002 in controls. The AUC was increased in cancer patients: females 6451 mm 100 (5511—8148), males 5984 mm 100 (5119-
6899) vs 5778 mm 100 (4998—6655), p < 0.001 / 5662 mm 100 (4704—6385), p = 0.0105. Conclusion: Unlike other assays measuring
variations in a single component during coagulation, the thrombelastographic method records a profile of real-time continuous WB clot

formation, and may provide extensive informations on haemostasis in neoplastic patients before surgery.
Key Words: cancer, thromboelastography, hypercoagulable state, thromboelastometry, surgery.

Venous thromboembolism (VTE) is seven fold in-
creased in patients with malignancy when compared to
patients not affected by solid tumors [1]. Malignancy
induces an acquired thrombophilic state [2]; therefore,
in almost all cancer patients a sub clinical activation of
blood coagulation takes place, even without symptoms
of thrombosis. The hypercoagulable state in cancer
arises mostly from the capacity of tumour cells to ex-
press and release specific procoagulant activities like
cancer procoagulant (CPA) and tissue factor (TF) and
to interact with the host’s endothelium, platelets and
monocytes-macrophages inducing a prothrombotic
phenotype within these cells [3]. The association be-
tween malignancy and VTE such as the relationship
between tumor growth and coagulation activation has
been known since Trousseau’s time [4]. Nowadays it is
evident that the coagulation system plays an important
role in the biology of malignant tumors: the activation
of haemostasis induces a continuous formation and
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removal of fibrin which mediates the adhesion of tumor
cells to endothelium facilitating their migration through
the tissues and contributing to tumor progression [5]. Re-
cent studies have revealed a nonhaemostatic role of TF
in generation of coagulation proteases and subsequent
activation of proteases activated receptors (PARs) on
vascular cells. This TF dependent signaling contributes
to a variety of biological processes including inflamma-
tion, angiogenesis and metastasis [6]. The prothrombotic
state of cancer patients is enhanced by therapeutic in-
terventions, such as surgery, chemotherapy, hormone
therapy, radiotherapy and it is related to disease stage
and to the site of origin of the primary tumor: patients
with haematological cancer have the highest risk of VTE,
followed by those with lung and gastrointestinal cancers
[1, 6]. Therefore quantification of the magnitude of the
thrombotic risk associated with malignancy and anti-
cancer therapy is essential to use anticoagulant drugs
which selectively interfere with haemostatic mechanisms
probably protecting patients both from VTE and from
tumor progression [7]. Studies on haemostatic systemin
cancer patients show an increase in clotting factors lev-
els, markers of thrombin and fibrin generation, fibrynolitic
proteins and thrombocytosis [8]. However, none of the
coagulation activation markers has any predictive value
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for the occurrence of the thrombotic events in one in-
dividual patient [9]. Since reliable methods, that could
have a higher predictive value for thrombosis risk, are
needed, our aim is to get better informations evaluating
the profile of extended time coagulation analysis. Thus,
the investigation of coagulation dynamicsin whole blood
could, in our opinion, disclose an abnormal pattern in
cancer patients, especially in those at increased throm-
botic risk. Current laboratory clotting techniques cannot
fully identify subjects with an increased thromboembolic
risk: their performance in plasma and the addition of
buffered solutions limit their relevance to overall dynamic
clot formation in whole blood [10]. In contrast ROTEM®
thrombelastometry specifically assess overall coagula-
tion kinetics and strength in whole blood, providing a
global assessment of haemostatic function [11].

Therefore the aim of this study was to investi-
gate whether an hypercoagulable state, revealed by
ROTEME®, can be an important variable to evaluate
the coagulation derangements in patients affected by
cancer of the digestive tract.

MATERIALS AND METHODS

Patients. 50 patients with histologically confirmed
solid cancer of the digestive tract were studied.
23 were male, 27 were female and all aging 61.5 (45—
79 years). The criteria for inclusion in the study have
been: patients with a carcinoma of the digestive tract
without history of VTE who were candidate for surgery.
147 healthy subjects (71 M, 76 F) selected on the basis
of sex and age were enrolled in our study as control
group. The study was approved by Ethics Committee
of the Institute. Informed consent was collected from
all participants.

Sample collection. Blood samples were drawn be-
tween 8 am and 9 am, after 12 h of fasting. The blood
(nine volumes) was placed in tubes with 0.109 M of
trisodium citrate (one volume) until analysis.

Test procedure. A recent thromboelastometric
method (ROTEM®; Pentapharm Ltd, Munich, Ger-
many; distributed in Italy by Dasit, Milano), based on
the thrombelastography after Hartert,was employed
[12]. Measurements were performed on a ROTEM
Coagulation Analyzer. Citrated blood samples were
recalcified with CaCl2 (star-TEM®, reagent) and ac-
tivated with tissue thromboplastin from rabbit brain
(ex-TEM, reagent) for monitoring the extrinsic system.
The ROTEM® analysis determines the onset of the
coagulation process: clotting time (CT); the kinetics of
clotting formation and stability: clotting formation time
(CFT) and maximum clot firmness (MCF) (Fig. 1, a).
The ROTEM® software also calculates the novel pa-
rameters according to Sorensen [14] such as MaxVel,
t-MaxVel, AUC by data derived from the ROTEM curve.
MaxVel describes the maximum velocity of the clot
formation. Itis the maximum rate of clot formation, the
maximum of the one derivative curve.

t-MaxVel describes the time from start of the mea-
surement till MaxVel (maximum of the one derivative)
is reached. It is a parameter similar to CT.

AUC describes the area under the velocity (one
derivative) curve and is equivalent to MCF in a curve
where the test had been run till MCF had been reached
[14] (Fig. 1, b).
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Fig. 1, b. ROTEM curve displayed by ROTEM Gamma software
Velocity profile, the first derivative of the ROTEM tracking: maxi-
mum velocity (MaxVel), time to maximum velocity (t-MaxVel),
area under curve (AUC) from Sorensen [13]

Statistical analysis. Statistical significance of the
differences of values between patients and the healthy
controls was calculated by the Mann — Whitney U test.
The differences were considered statistically signifi-
cant only for p-values less 0.05 (Tables 1, 2).

Table 1. ROTEM standard parameters in neoplastic patients and in
healthy reference subjects

Healthy Median

Patients

5P  95P pvalue Median 5P  95P

Males Males
CT 53 42 74,8 0.1975 CT 50 42 1,2
CFT 80 59 122,4 0.9384 CFT 80 50,2 128,7
MCF 69 53,6 90 0.0135 MCF 63 56 73,7

Healthy Patients

Females Females
CT 51 42 59 0.1210 CT 50 38,3 58,7
CFT 78 62 100 0.0128 CFT 72 32 924
MCF 69 59 95,8 0.9911 MCF 70 599 825

Medians and reference range (5-95% percentile ) for controls and pa-
tients.

Table 2. ROTEM velocity parameters in neoplastic patients and in healthy
reference subjects

Patient

95P pvalue Males Median P5 P95

MaxV 13 10 21,8 0.001 MaxV 18 1 27
Maxv-t 115 59.8 180.8 0.0002 MaxV-t 81  50.1 135.9
AUC 5662 4703.6 6385 0.0105 AUC 5984 5118.7 6899.2

Healthy o dian 5P
Males

Healthy Patients
Females Females
MaxV 15 1.8 22 0.0001 MaxV 19 14.3 495
MaxV-t 115 56.8 166 0.001 MaxV-t 65 48.6 112.8

AUC 5778 4998 6655 0.001 AUC 6451 5514.8 8148.4
Medians and reference range (5—95% percentile) for controls and for patients.
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RESULTS

Standard parameters of ROTEM (CT, CFT, MCF) were
not different in cancer patients as compared to controls.
CT (in cancer patients): females 50 s (38.3-58.7), males
50s(42-71.2)vs51s(42-59),p=0.1210/53 s (42-74.8),
p=0.1975 (in controls). CFT (in cancer patients): females
725(32-92.4), males 80s(50.2-128.7)vs 78 s (62-100),
p =0.0128 / 80 s (59-124.4), p = 0.9384 (in controls).
MCEF (in cancer patients): females 70 mm (59.9-82.5),
males 63 mm (56-73.7) vs 69 mm (59-95.8), p=0.9911/
69 mm (53.6-90), p = 0.0135 (in controls). The analysis
showed: anincrease in MCF in male controls as compared
to patients and a shorter CFT in female patients than in
controls (Table 1). The continuous coagulation data from
a 50 min-time course were transformed into dynamic
velocity profiles of WB clot formation [14] (Fig. 2).
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Fig. 2, a, b, c, d, e, f. (box plot): medians and reference range
(5-95% percentile) of MaxVel, t-Max Vel, AUC for controls and
patients

There were higher MaxVel in female controls
as compared to male controls. The results were in
accordance with earlier studies [11]. The ROTEM®
velocity parameters resulted significantly different in
patients when compared to the parameters of healthy
subjects. The MaxVelwas increased (cancer patients):
females 19 mm 100/ s (14.3-49.5), males 18 mm
100/ s (11-27)vs 15mm 100/s (11.8-22), p <0.001/13

mm 100/s (10-21.8), p < 0.001 (controls). The t-
MaxVel was shortened (cancer patients): females
65 s (48.6— 112.8), males 81 s (50.1-135.9) vs 115 s
(56.8-166), p <0.001/115s5(59.8-180.8), p=0.0002
(controls). The AUC was increased (cancer patients):
females 6451 mm 100 (5515-8148), males 5984 mm
100 (5119-6899) vs 5778 mm 100 (4998-6655), p <
0.001/5662 mm 100 (4704-6385), p = 0.0105 (con-
trols) (Table 2).

DISCUSSION

Reliable markers and methods to predict thrombo-
tic risk are essential to clinical management, especially
for high- risk patients, i. e., cancer patients undergoing
therapeutic interventions. Most laboratory tests actu-
ally used for studying haemostasis are performed on
platelet-poor plasma with clotting [15] or chromogenic
[16] end points. Nowadays, thanks to a better under-
standing of the role of platelets, leukocytes and eryth-
rocytes in the clotting process, to evaluate thrombin
generation during blood coagulation has become the
best approach in order to assess the global complex
process [17]. However, whereas thrombin generation
tests are difficult to perform in real time clinical prac-
tice [18], thrombelastographic recording of the whole
blood coagulation process is anticipated to indirectly
reflectthe course of thrombin generation .The classical
thrombelastography produces a profile of the overall
rheological changes occurring during coagulation
and in the past it has been prevalently used to assist
clinicians in the control of after-surgery bleeding.
A newer modification of classical thrombelastography
is thromboelastometry (ROTEM®), which avoids some
technical limitations of the traditional method, such as
sensitivity to vibrations or mechanical shocks. ROTEM
uses a ball bearing system for power transduction
which makes it easily transportable and less suscep-
tible to mechanical stress, movement and vibration.
Furthermore, the activation of the samples accelerates
the measurement process and enhances reproducibil-
ity compared with conventional thromboelastography
[11]. The data obtained whit this new technique are
continuous, digital and retrievable for further calcula-
tions; by processing of data the thrombelastographic
time course can be transformed into a dynamic veloc-
ity profile of the changes in blood elasticity occurring
during WB clot formation. The instruments software is
used to calculate three new parameters in the assess-
ment of coagulation dynamic properties. The pattern
of the new values: MaxVel, t-MaxVel, AUC, display a
remarkable degree of similarity between endogenous
thrombin potential (thrombogram) and thrombelasto-
graphic model. Therefore the profile of whole blood
coagulation by thrombelastography, as an indirect
measure of thrombin generation, may provide exten-
sive informations on haemostasis, not only for the clini-
cal management of bleeding but also for thrombophilic
states [19]. In vivo markers of coagulation activation
(prothrombin fragment 1 + 2 / F1 + 2) and fibrinolysis
(tissue plasminogen activator /t-PA) correlate very well
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with ROTEM® clotting time (CT) and maximal lysis (ML)
in a validation of rotation thrombelastography model
of systemic activation of coagulation and fibrinolysis
[22]. TEG has been successfully used in clinical setting
to detect hypercoagulable states. A postoperative hy-
percoagulable state, as revealed by TEG, was associa-
ted with thrombotic complications in a wide group of
surgical patients followed during postoperative period
until discharge [23].

30 40 50 min

Fig. 3. Velocity profiles of WB clot formation before surgeryin neo-
plastic patients and in healthy subjects. (a) Healthy male subject
(red) and male patient (green) velocity profile (b). Healthy female
subject (red) and female patient (green) velocity profile

The correlation between thrombotic complications
and hypercoagulability confirms that surgical patients
are at high risk for hypercoagulability and that this plays
animportantrole in the pathogenesis of thrombosis. In
patients affected by malignant disease, thrombosis is
the most frequent complication and the second cause
of death [24]. Surgical interventions in these patients
increase the risk of postoperative VTE (approximately
two-three fold) in comparison to the risk in non-can-
cer patients undergoing the same procedures. The
American College of Chest Physicians (ACCP) has
stratified patients with malignancy in the highest risk
category of surgical patients and urged routine throm-
boprophylaxis [25]. Therefore, especially for high-risk
patients, itis strongly desirable to use a one’s disposal
test characterized by a higher predictive value of the
thrombotic event.

Thrombelastography represents a valuable method
which monitors haemostasis under low shear environ-
ment as a whole dynamic process instead of revealing
information onisolated parts of the different linked path-
ways. Indeed thromboelastometry provides information
about the whole process of clot formation which results
from interdependent steps: coagulation activation,
thrombin production, fibrin formation and polymeriza-
tion, platelet activation, platelet-fibrin interaction.

In conclusion, the use of thrombelastometric
method has reduced the need of substitutive therapies
for the clinical management of bleeding problems dur-
ing major surgical interventions (liver transplantations,
cardiovascular procedures, neurosurgery) [26]. Final-
ly, the authors feel that the diagnosis of hypercoagu-
lable state by using thromboelastometry, in patients

at higher thrombotic risk (especially cancer patients
during surgery), could provide a rationale for more
targeted prophylactic antithrombotic treatments.
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TPOMBOJ3JIACTOIPAD®UA KAK METO4 OLEHKU PUCKA
TPOMBO3A NMPU ONYXONAX NUWEBAPUTEJIbHOIO TPAKTA

IIpeonocwbraku uccaedoéanus: KOJMIECTBEHHAS OLIEHKA PUCKA TPOMO032a, CBA3aHHOTO CO 3/I0KAYECTBEHHbIMH 3200JIeBAHUSAMY H
NPOTHBOOIYXOJIEBOIi TEPANHMEN, 0053aTE/IbHO BKIIOYAET B Ce0s NPUMEHEHHE CPeACTB-aHTUKOATY/ISIHTOB, 3aIIMIIAIONINX 00bHOTO
OT pa3BuTHs BeHO3HOii TpomM00aMOomu (VTE) 1 Bo3MOXKHO nporpeccuu 3a0oieBanns. TeM He MeHee HU OJMH H3 MAPKEpOB aK-
THBAIMH KOATYJISAIMH HE HMEeT MPOTHOCTHYECKON IIEHHOCTH C TOYKH 3PEHHS BO3MOXKHOCTH BO3HMKHOBEHHSI TPOMO03a Y KAXKI0r0
OT/IENIbHO B3STOrO0 NanuenTa. CoBpeMeHHbIe METO/IbI OIEHKH CBEPTHIBAHUSA KPOBH HE OTPAKAIOT 00pa3oBanue TPOMOA B THHAMMEKE;
Ha000poT, MeToA TpoMGo3anacTorpadun 1aeT BO3MOKHOCTD crieHu(puIecKd OLUEHHTh KNHETHKY CBEPTHIBAHUS KPOBH B LEJIOM.
Iean: onpenenuTh, B KAKOI Mepe AKTUBHOCTh KOATYJISIUH, ONPeeisieMoii METOI0M TPOMO03JIACTOMETPHH, OTPAKAET COCTOSTHHE
TUNEePCBEPTHIBAEMOCTH KPOBH Y 0OJIBHBIX OHKOJIOTHYECKOT0 MPOIJIs OCIE XUPYPrHIeCKOro BMemarteabersa. Ilayuenmot u memo-
Obt: 00cIen0BaHbI 50 0OTbHBIX PAKOM NHIIEBAPUTEILHOTO TPAKTA B 100N PANIMOHHDII mepuon (27 JKeHImuH, 23 MyKYHHbI, CPeTHHI
Bo3pact 61,5 roxa (45—79 ner) u 147 3m0poBbIX 10HOPOB (71 MykuMHa, 76 KeHuuH). [[puMeHsIH METOA TPOMOOIJIACTOMETPHH,
OCHOBaHHbIii Ha TpoMOo3IacTorpadum aprepra, ¢ Hcnoab30BaHUeM aHam3aTopa Koary.sinuu ¢pupmbl ROTEM. Tekymue nanHbie
0 CBEPTHIBAHMH 32 50 MHH U3MePEHHIA PEICTABIIM B BUIE IMHAMUYHBIX NPOuiei BA3KOCTH NPH 00Pa30BAHUH CTYCTKA KPOBH.
Pesyavmamot: cranaapTabie napametpsl (nepuoa koary suun (CT), nepuoa oopaszosanns cryctka (CFT), MakcHMasbHASA ILUIOT-
HocTb crycTka (MCF)) 60/1bHbIX OHKOJIOTHYECKOTO NPoduis 0,1n3Kd K KOHTPOJIbHBIM. CT y G0JIBHBIX OHKOJIOTHYECKOTO PO
cocTanisur: y xenmmH — 50 ¢ (38,3—58,7), y myxaun — 50 ¢ (42—71,2) vs 51 ¢ (42—59), p=0,1210/53 ¢ (42—-74,8), p = 10,1975
B KOHTPOJIbHO¥ rpynne. CFT y Takux manmpeHToB cOCTABAN: y xKeHmmuH — 72 ¢ ( 32—92,4) y myxuun — 80 ¢ (50,2—128,7) vs
78 ¢ (62—100), p = 0,0128 / 80 c (59—124,4), p = 0,9384 B KonTpo.BHOI rpynme. MCF y 60JbHBIX OHKOJIOTHIECKOTO PO
cocTapjsuL: y keHumH — 70 mm (59,9—82,5), y Myzxaun — 63 mm (56—73,7) vs 69 mm (59—95,8), p = 0,9911 / 69 MM (53,6—90),
p = 0,0135 B KOHTPOJIBHOIi TpymIe. Y XKeHIIAH MIOKA3aTe/ M BA3KocTH KpoBu MaxVel Obuin Bbime, 4eM y Myx1nH. IToxaszarenn
MaxVel noBblieHb y TAKMX NANMEHTOB: Y xkeHmuH — 19 mv/100 ¢ (14,3—49,5) y myxamua — 18 mm/100 ¢ (11—-27 ) vs 15 MM /
100 ¢ (11,8-22), p < 0,001 / 13 Mmm / 100 ¢ (10—21,8), p <0,001 B KonTpoJBHOI rpymie. [Tokasarens t-MaxVel nonmken y
0O0JIbHBIX OHKOJIOTHYECKOT0 Mpoduis: y xkenmun — 65 ¢ (48,6—112,8) , y myxuun — 81 ¢ (50,1—-135,9) vs 115 ¢ (56,8—166),
p<0,001/115c (59,8—180,8), p = 0,0002 B KonTpo.abHoii rpynmne. ITokazaTens AUC y nosbimen y xenmun — 6451 mm 100
(5511-8148), y myxuun — 5984 mm 100 (5119—6899) vs 5778 mm 100 (4998—6655), p < 0,001 / 5662 mm 100 (4704—6385),
P =0.0105. Bbi600sbi: B OTIIHYHME OT APYTHX METOAOB, N3MEPAIONIMX BAPHANNHA OTIEIbHbIX KOMIIOHEHTOB CHCTEMbI CBEPTHIBAHUS
KPOBH, MeTo1 TpoMO031acTorpaduu oTpazkaer TEKyMii Mpod b 00pa30BaHN CTYCTKA B PEXKHMe PEATHHOTO BPeMEeHH H ABJISETCA
UH(OPMATHBHBIM CIIOCCOOOM OLIEHKH COCTOSIHAS TeMOCTA32 Y OHKOJIOTHYECKHX 00 IbHBIX.

Karouesnie caosa: pak, Tpombo3acrorpadusi, COCTOSIHIE IHNEPKOATYJISANNH, TPOMOOIIACTOMETPHUS, XUPYPIHs.
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