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Introduction

The ICTHIC at 15 years of age is still a relative adolescent when 
compared to other institutions, such as the journal Blood, for example, 
which is celebrating its 70th birthday in 2016 [1]. Nevertheless, much 
like the highlights of the saga of discovery enshrined in that venerable 
journal, as reviewed recently by Coller [2], we are pleased to provide 
a few of the highlights of important discoveries presented originally 
at the 7 previous meetings of the ICTHIC, dating back to 2001. We 
believe this brief overview illustrates the key role the meeting has 
played as a forum for discussion of basic and translational issues in 
every area from basic cancer biology to the design, implementation 
and analysis of important clinical trials and databases. The ICTHIC 
continues to serve as a chronicle of some of the major advances 
in the field of blood coagulation and cancer. Given that each 
meeting typically includes as many as 32 plenary talks, 16 brief oral 
communications and 88 posters, it would be impossible to cover 
all of the excellent presentations. Therefore, we hope the readers 
will forgive us for selecting just a few representative presentations 
to illustrate our personal choices of important topics and findings, 
often first discussed at the ICTHIC.

November 2-4, 2001

At this meeting, many of us heard for the first time, a 
comprehensive assessment of the experimental data from the group 
of Wolfram Ruf, who demonstrated in human cancer the bifunctional 
role of tissue factor (TF) as a clotting protein and a signaling protein – 
critical for both the procoagulant and metastatic capability of tumor 
cells [3]. While most of us were cognizant of the importance of 
tumor cell and host inflammatory cell TF in the pathogenesis of 
thrombosis in patients with cancer [4-5], Professor Ruf and his 
colleagues provided strong evidence for the interaction between 
the TF-VIIa-Xa complex and protease-activated receptor 2 (PAR2) 
in tumor cells. This observation, we believe, changed the paradigm. 
Subsequent studies from this group and others [6,7], indicated that 
regulation of TF gene expression influenced not just the activation 
of clotting, but the expression of the potent angiogenesis effector 

vascular endothelial growth factor (VEGF) and multiple other 
pathways of potential importance for tumor growth. Ultimately this 
work provided the basis for clinical trials, which are ongoing, of a 
variety of TF inhibitors in the treatment of malignancies, targeting 
in particular the signaling function of TF. Efforts will likely continue 
to develop targeted inhibitors of the TF pathway, stimulated by this 
early work, perhaps in concert with anticoagulants in an attempt 
to reduce both the incidence rate of thrombosis and to prevent and 
treat metastatic cancer. It is particularly fitting that Professor Ruf 
will be giving the Simon Karpatkin Memorial Lecture (SKML) at the 
8th gathering of the ICTHIC this year. At that time, we anticipate an 
update of 15 years of this exciting work.

Thanks to the detailed studies of the Ruf laboratory, along with 
other groups, we now have a better understanding of the importance 
of blood coagulation proteins in the early molecular events in 
neoplastic transformation, primary tumor growth and metastasis of 
cancer. As a model for the bifunctional aspects of several clotting 
proteins, TF-mediated signaling can now be clearly separated 
from TF-mediated activation of coagulation, the former critical for 
primary tumor growth, the latter critical for metastasis formation 
and central to the risk for thrombosis.

September 19-21, 2003

Further support of the importance of clotting proteins in the 
mediation of cancer growth and metastasis was provided by 
Degen et al, who described at this meeting some of the first work 
utilizing knockout mice, devoid of specific clotting factors [8]. The 
Degen lab was among the first groups to develop knockout mouse 
models to test the role of selected clotting and platelet proteins in 
a variety of disease processes. They have contributed materially 
to our understanding of the effects of targeted deletions of genes 
regulating production, for example, of fibrinogen, prothrombin, 
plasminogen, etc. on cancer biology.

In parallel to the observations noted above on the interaction of 
the cleavage of tumor cell surface PAR2 by the TF-VIIa-Xa complex 
leading to the stimulation of tumor growth and angiogenesis, 
Karpatkin and colleagues developed a similar and powerful story of 
the capability of thrombin to bind to the PAR1 receptor and effect 
similar changes in mouse tumor models [9]. Ultimately, animal 
models of human tumors utilized by all of these groups provided 
strong evidence that both clotting-dependent and clotting-
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independent mechanisms are separable but both classes are able 
to stimulate and support primary tumor growth and metastasis. 
The identification of a variety of signaling pathways regulating 
chemokine induction, recruitment of b-arrestin adaptor proteins, 
interaction with integrins, etc. have expanded our understanding 
of the complex interaction of hemostasis and cancer biology and 
suggested opportunities to target various aspects of these pathways.

At the same time that exciting developments in the establishment 
of the crossover role of clotting proteins in tumor biology were being 
addressed at these meetings, important aspects of the prevention 
and clinical management of thrombosis and bleeding in cancer were 
also featured prominently. The burgeoning field of risk assessment 
of patients with cancer in order to identify those individuals likely to 
derive the maximum benefit from venous thromboembolism (VTE) 
prophylaxis was a strong focus of presentations by Levine and Lee 
[10] (and many others) at the early meetings of the ICTHIC. Reports 
of increasingly sophisticated approaches to risk assessment have 
become a regular feature of the meetings (see below) and have often 
provided a guide to the field, culminating recently, for example, in 
the release of an RFI (S15-048) from the US National Cancer Institute 
on “The Effect of Pre-Analytical Variables on Markers of Thrombotic 
Risk in Cancer Patients”, with the intent of soliciting proposals to 
test the validity of approaches to expanding testing of large numbers 
of patients for risk of VTE.

While more targeted approaches to VTE prevention continue to 
be explored, early reports of treatment studies have also been an 
important feature of these meetings. Indeed, the findings of the 
seminal CLOT study, which demonstrated the superiority of long-
term use of low-molecular weight heparin (LMWH) over coumarin 
in the prevention of recurrent VTE in patients with cancer was 
presented at the ICTHIC [11] virtually at the same time as the results 
were published in the New England Journal of Medicine [12]. This 
clinical approach has now become the standard of care for the 
management of VTE in patients with cancer and remains so 13 years 
after it was first presented at the ICTHIC meeting.

October 14-16, 2005

The first evidence for the direct interaction of clotting proteins and 
platelets in the process of oncogenesis was presented, respectively, 
at this meeting by Professors Janusz Rak [13] and Carla Boccaccio 
[14], virtually simultaneously with the publication in Blood [15] 
and Nature [16] of the results of their work in this exciting field. 
Sequential transition of human colon cells through the well-defined 
model of the stages of neoplastic transformation, accompanied by a 
series of alterations in the status of the proto-oncogene K-ras and the 
tumor suppressor gene p53, were shown by Rak and colleagues to be 
accompanied by parallel upregulation of TF and VEGF expression. The 
Boccaccio lab reported the development of a thrombohemorrhagic 
syndrome indistinguishable from disseminated intravascular 
coagulation (DIC) in mice in whom a lentiviral vector had targeted 
the MET oncogene. These two labs have continued to produce 
exciting molecular evidence that activation of clotting and platelet 
degranulation are early events in oncogenesis and may participate in 
the development of cancer as well as being susceptible to regulation 
by oncogenes. Thus, participants in the ICTHIC were treated to the 
opportunity to hear this seminal work in its early phases. Expansion 
of this area of research has been followed closely at the ICTHIC, with 
Professors Rak and Ruf providing timely updates over the years of 
the mounting evidence for a molecular basis for the development of 
thrombosis, hemorrhage and DIC in cancer.

October 26-28, 2007

Risk assessment for VTE achieved a new level of development 
and interest at this meeting with the presentation by Professor 

Alok Khorana of a preliminary analysis [17] of a model for risk-
stratification, which was subsequently published in full in Blood 
and has become widely known and adopted as the Khorana risk 
score [18]. Further refinement of this model has been developed by 
Khorana and colleagues and by other groups; the growing interest 
in this area of research has prompted a regular session at the ICTHIC, 
contributed to by many investigators from around the world, using 
large registries and careful analytic approaches. So-called “BIG 
data”, such as the California Cancer Registry database, regularly 
updated and reported at the ICTHIC by Professor Richard White and 
colleagues [19], will surely continue to inform this critical area of 
scholarship in cancer and thrombosis, leading to better definition 
of risk categories and more tailored anticoagulant approaches to 
patients.

The potential importance of TF-bearing microparticles (TF MPs) 
as a biomarker for predicting VTE in patients with cancer was 
first described at the ICTHIC meeting by Professor Jeffrey Zwicker 
representing the Furie lab in a brief oral presentation [20], and 
was subsequently published in full form in the British Journal of 
Haematology [21]. The results were presented of the so-called 
Microtec study, which was a randomized, phase II trial testing the 
utility of measuring TF MPs for selecting patients for VTE prophylaxis. 
The trial tested the effect of LMWH versus observation in patients 
with high levels of TF MPs, compared to patients with low levels of 
TF MPs, and the results were tantalizing. The incidence rate for VTE 
in the high TF MP group treated with LMWH was 5.6% versus 27.3% in 
the high TF MP group not receiving LMWH (P = 0.06). The low TF MP 
group had an incidence rate of VTE similar to the treated high TF MP 
group (7.2%). Although this data suggested that it might be possible 
to select a high risk group for VTE prophylaxis using the TF MP assay, 
the study was small and the observation period was relatively short. 
Nevertheless, use of a TF MP assay as an adjunct to the Khorana 
score has continued to be a subject of intense interest in the field. 
The assays currently available are not easily reproducible in large 
clinical studies and more facile approaches are eagerly anticipated. 
Other potential biomarkers of interest (e.g. fibrin d-dimer, factor 
VIII, soluble P-selectin, etc.) have been explored in several large 
studies from the Vienna Cancer And Thrombosis Study (CATS) group 
of Ingrid Pabinger [22], and from many other groups – updates of 
these elegant prospective data base studies have continued to be 
presented at the ICTHIC and are of great interest (see below).

April 23-25, 2010

In addition to regular updates on the molecular biology and 
cellular pathogenesis of thrombosis in cancer model systems, 
epidemiology of risk factors for VTE, arterial thromboembolism (ATE) 
and bleeding in patients with cancer, the audiences at the ICTHIC are 
also provided with overviews of the guidelines for prevention and 
treatment of VTE in patients with cancer. At the 5th ICTHIC meeting, 
for example, the French national guidelines, the European Society of 
Medical Oncology (ESMO) Clinical Recommendations, the American 
Society of Clinical Oncology (ASCO) Guidelines and the National 
Comprehensive Cancer Network (NCCN) guidelines were reviewed 
on behalf of their colleagues, respectively, by Professors Dominique 
Farge [23], Mario Mandala [24], Gary Lyman [25] and Michael Streiff 
[26]. This section of the program always sparks active discussion and 
affords the rare opportunity for both clinicians and basic scientists 
to have input to the expert opinions of these groups, who regularly 
seek reconciliation of their respective guidelines/recommendations. 
This may be a unique function of the ICTHIC not accomplished at 
other meetings.

In keeping with the intention to balance clinical/translational 
and basic science at these meetings, we also heard another elegant 
presentation in 2010, which provided further support for the link 
between expression of TF and the earliest events in the development 
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of cancer. Professor Rak, on behalf of his colleagues, provided the 
first evidence for TF as a marker for so-called “tumor initiating 
cells” or cancer stem cells (CSCs) [27], further details of which were 
subsequently published in Blood [28]. The authors demonstrated 
that in human glioma cells a transforming mutant of the epidermal 
growth factor receptor triggers the expression of TF, factor VII, 
PAR-1, PAR-2 and, following exposure to VIIa and thrombin, VEGF 
and IL-8, forming the growth promoting microenvironment or 
niche. The overexpression of TF in these cells occurs in concert 
with other evidence for an aggressive phenotype -including the CSC 
marker CD133 and epithelial-to-mesenchymal transition (EMT). 
The investigators postulated that TF plays an important role in 
the development of the vascular niche for tumor CSCs, which may 
provide yet another rationale for anti-TF signaling approaches to 
attack tumor initiation, recurrence, drug resistance and metastasis.

April 20-22, 2012

Professor Cihan Ay, representing the Pabinger group and the 
Vienna CATS group, continued to provide attendees of the ICTHIC 
with a critical analysis of the field of prospective VTE risk assessment, 
based on their own work and the work of others, but particularly 
focused on biomarkers. While the addition of biomarkers to clinical 
risk score models has improved the separation of high risk from low 
risk patients, we are still awaiting more comprehensive efforts to 
test prospectively the utility of the expanded Khorana score to select 
patients for VTE prophylaxis. This data, which was presented initially 
at the prior ICTHIC meeting in 2010 [29], expanded for subsequent 
publication in Blood [30], was updated for the audience in 2012 
[31]. We suggest that this recurrent topic is an example of one of 
the functions of the ICTHIC – to provide a forum for continuity of 
important work in the field of cancer and thrombosis.

In a brief presentation describing 9 patients with venous 
limb ischemia in the setting of cancer, all of whom were treated 
with warfarin, Professor Theodore Warkentin, representing his 
colleagues, elucidated a parallel to the syndrome of heparin-induced 
thrombocytopenia (HIT) [32]. This new syndrome, which shares 
clinical and laboratory features with HIT, was expanded further in 
a comprehensive review entitled “Ischemic Limb Gangrene with 
Pulses”, which appeared recently in the New England Journal 
of Medicine [33]. The presentation at the ICTHIC, therefore, was 
perhaps an illustration of yet another important feature of the 
meeting – a chance to bring an important new clinical observation, 
carefully documented, to a critical audience in anticipation of 
developing a larger study.

May 9-11, 2014

Another function for small, targeted meetings like the ICTHIC, 
which is often discussed but rarely realized, is to bring together 
basic scientists and clinicians for the purpose of development of 
translational projects. In his review of “unconventional approaches 
to the prevention of cancer associated thrombosis”, Professor 
Jeffrey Zwicker provided a glimpse of just such a strategy evolving 
from basic science into a clinical protocol [34]. Among other novel 
therapeutics discussed, oral quercetin-type flavonoids were featured, 
based on their ability to inhibit protein disulfide isomerase (PDI). As 
noted by Zwicker, thiolisomerases like PDI regulate protein folding 
through rearrangement of intramolecular disulfide bonds. Evidence 
from the Furie laboratory, the Ruf laboratory and others suggests 
that TF is a likely target for PDI, which may be responsible for the 
externalization of TF in response to cell perturbation or activation. 
Preliminary data from in vitro experiments, animal models and ex-
vivo clinical studies, have implicated this mechanism, at least in part, 
in the increased expression of TF on the surface of cancer cells and, 
perhaps, in the release of TF-rich MPs and the hypercoagulability of 

many patients with aggressive tumors. A high throughput screen by 
the Furie group identified quercetin-3-rutinoside and isoquercetin-
related flavonoids, as potent inhibitors of PDI [35]. Based on this data, 
a large, multi-institutional, phase II/III clinical trial of isoquercetin 
has been initiated by Zwicker and colleagues to test the hypothesis 
that inhibition of PDI in patients with advanced cancer will reduce 
the incidence of VTE (www.ClinicalTrials.gov - NCT0219523).

Regardless of the outcome of this exciting and novel clinical 
trial, the evolution of such a study from a basic science laboratory 
in a few short years illustrates the power of communicating good 
science among like-minded and curious investigators, regardless of 
their training or discipline, often stimulated by attending meetings 
such as the ICTHIC.

Conclusions

In summary, we have provided a very brief overview of just a few 
of the outstanding presentations at the seven meetings of the ISTHIC 
that illustrate several of the desired outcomes of the meeting: (1) 
provide a forum for new and exciting information that will likely 
become widely available in top tier journals; (2) stimulate productive 
discussions between clinicians and basic scientists, which evolve 
into collaborative research efforts; (3) disseminate expert opinions 
on key topics in the field of cancer and thrombosis from a world 
perspective; (4) track the progress of important clinical trials of 
interest; (5) represent the spectrum of scientific investigation in 
cancer and thrombosis, including the broad areas of tumor biology, 
molecular genetics, drug development, clinical trials, epidemiology, 
risk assessment, novel animal models and experimental techniques. 
We recognize that this has been a purely personal tour of the last 
15 years of presentations and regret not being able to include more 
in our overview. But we hope that some of the examples we have 
included will inspire the readers to search for more examples of 
papers in each published volume that meet the criteria noted above. 
We think you will have fun on your journey, just as we did. We look 
forward to seeing all of you in Bergamo.
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