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identified in a large proportion of the tumors across the
distinct COO subtypes (Figure 1). Applying the publicly
available LymphGen algorithm on the GOYA dataset
could help classify patients into well-defined molecularly
and clinically distinct subgroups. These newly character-
ized subsets can identify patients with an unfavorable
prognosis and may guide the development of new preci-
sion therapies for these aggressive lymphomas.
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he article by van Paridon et al.' published in this

issue of Haematologica on results of thrombin gen-

eration (TG) in cardiovascular disease and mortali-

ty, stemming from the Gutenberg Health Study, provides

an opportunity to comment on TG as a global laboratory
procedure to investigate hypo- and hyper-coagulability.

TG as a laboratory test was developed in the early

1950s by McFarlane and Biggs® and was based on the acti-

vation of coagulation in whole blood or plasma by trig-

gers such as tissue factor or cephaline and calcium chlo-

ride. The amount of thrombin generated over time was
titrated by sampling the mixture at different time points
into a fibrinogen solution and the resultant clotting times
interpolated from a dose-response calibration curve to
derive thrombin concentrations. Years later, Hemker et al.
made substantial changes.*” The fibrinogen solution was
replaced by a chromogenic substrate specific for throm-
bin, test plasma was defibrinated prior to testing and
computer software was developed to derive the parame-
ters stemming from the TG curve. These changes made
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TG much easier to perform even in less specialized labo-
ratories. In the early 1990s TG was further modified to
include a slow-acting chromogenic substrate that allowed
thrombin to be monitored continuously, avoiding the
subsampling procedures. More recently, the chromogenic
substrate has been replaced by a fluorogenic one, which
obviates plasma defibrination and makes TG applicable
to platelet-poor or platelet-rich plasma. Currently, TG is
designed to operate on a microtiter plate-based fluorime-
ter, which, in combination with the computer software,
displays TG curves and calculates the parameters illus-
trated in Figure 1: the lag-time, peak thrombin concentra-
tion, time to reach peak concentration and the endoge-
nous thrombin potential (ETP). The lag-time is defined as
the time needed for the first amounts of thrombin to be
generated; it can be regarded as the conventional plasma
clotting time and is expected to decrease or increase in
conditions associated with hyper- or hypo-coagulability,
respectively. The peak-thrombin defines the highest
thrombin concentration that can be obtained under the
experimental conditions and is expected to increase or
decrease in conditions associated with hyper- or hypo-
coagulability, respectively. The time to reach the peak
defines the velocity of TG and should be prolonged or
shortened in conditions associated with hypo- or hyper-
coagulability, respectively. The area under the curve,
known as the ETP, represents the net amount of thrombin
that the test plasma can generate under the experimental
conditions. ETP is considered to be the resultant of the
two opposing drivers operating in plasma that favor TG
(procoagulants) and thrombin decay (anticoagulants).
Accordingly, when performed under standardized condi-
tions, TG can be considered a laboratory tool suitable for
investigating hypo- and hyper-coagulability much better
than the conventional global tests of coagulation, such as
the time-honored prothrombin time (PT) and activated
partial thromboplastin time (APTT). PT and APTT are in
fact static tests in which plasma clots soon after tiny
amounts of thrombin (5%) are produced, leaving the

remaining part undetected.® Furthermore, PT and APTT
are responsive to procoagulant factors (which is why they
are used to diagnose hemophilia and allied disorders), but
they are much less responsive to naturally occurring anti-
coagulants (which is why they are normal rather than
shortened in patients with congenital deficiency of pro-
tein C or antithrombin).

It is therefore unsurprising that over the last two
decades, TG attracted the attention of many researchers.
Currently, there are 7,446 reports under the term “throm-
bin generation” published in PubMed and most deal with
the application of TG to investigate hypo- or hyper-coag-
ulability. A scrutiny of the reported manuscripts reveals
that TG has been applied to five categories: (i) to help elu-
cidate the mechanisms of thrombogenesis in clinical con-
ditions for which precise knowledge is still poor; (ii) lab-
oratory diagnosis of disorders of hemostasis; (iii) moni-
toring treatment with pro-hemostatic agents; (iv) moni-
toring treatment with antithrombotic drugs; and (v) pre-
dicting the risk of recurrence of venous thromboem-
bolism. The following paragraphs summarize the current
state-of-the-art concerning the application of TG testing.

Elucidation of mechanisms of thrombogenesis

This application has been the most productive in terms
of results achieved. For example, the TG procedure when
performed as such or modified by the addition of throm-
bomodulin has been instrumental in challenging the old
dogma of liver cirrhosis as the prototype of acquired
hemorrhagic coagulopathies.”® TG has also been useful
for understanding the mechanisms of thrombogenesis in
a variety of clinical conditions associated with increased
risk of thrombosis (especially venous thrombosis) such as
obesity,” diabetes," and Cushing disease."

Laboratory diagnosis of hemostatic disorders

The TG procedure has been useful for understanding
the contribution of the plasma levels of the individual
coagulation factors in determining the bleeding pheno-
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type in subjects with hemophilia” or other rare congenital
diseases.”

Monitoring treatment with pro-hemostatic agents

In principle, every treatment aimed at preventing/treat-
ing hemorrhage accomplishes its goal by increasing
thrombin generation. In this respect, the TG procedure is
the most promising laboratory tool to monitor patients
on treatment. As an example, TG has been used in hemo-
philia with inhibitors to factor VIII or IX to tailor treat-
ment with conventional bypassing agents.” These drugs
achieve their hemostatic effect with no substantial modi-
fication of factors VIII/IX, thus making the measurement
of these factors after infusion practically useless.
However, the studies carried out so far, while providing
evidence that TG is increased according to the dose of the
drug infused to treat/prevent hemorrhage, failed to pro-
vide conclusive evidence that the laboratory endpoint is
associated with clinical outcomes.” Therefore, the proce-
dure is not yet approved by the regulatory authorities for
routine use in hemophilia patients being treated with
bypassing agents.

Monitoring treatment with antithrombotic drugs

There is no doubt that TG is decreased in a dose-depen-
dent fashion in patients treated with any antithrombotic
drug (e.g., heparins, parenteral direct thrombin inhibitors,
warfarin or direct oral anticoagulants). However, there is
still no conclusive evidence that the TG procedure is
superior for treatment monitoring to the APTT (unfrac-
tionated heparin), anti-factor Xa assays (low molecular
weight heparin), the PT-International Normalized Ratio
(warfarin) or the specific measurement of the plasma con-
centration of direct oral anticoagulants.

Predicting the risk of recurrent venous thromboembolism

There is evidence stemming from clinical trials that the
amount of thrombin generated after the in-vitro activation
of coagulation is a good predictor of the risk of a recur-
rence of venous thromboembolism. In this respect, TG
should be equivalent (as a risk predictor) to D-dimer,'*"
which, following the seminal observations of Palareti and
co-workers,” is used to make decisions on the optimal
duration of anticoagulation to prevent recurrence of
venous thromboembolism. Although these studies
showed that TG and D-dimer are independently associat-
ed with the risk of recurrent venous thromboembolism,
there is no conclusive evidence that performing the two
measurements simultaneously can improve risk predic-
tion in individual patients."®

New observations on thrombin generation

The above observations are instrumental to supporting
the old concept that hypercoagulability, when assessed
by a global coagulation procedure, is one of the key
mechanisms that explain the risk of thrombosis, the oth-
ers being reduced blood flow and endothelial dysfunction
(collectively known as Virchow triad). In this issue of the
Journal van Paridon et al. add more evidence on the mech-
anisms of hypercoagulability and clinically relevant out-
comes.! They evaluated TG in a large population of sub-
jects (n=5,000) enrolled in a prospective study with a rel-

atively long follow-up (up to 9.65 years). The authors
found that some TG parameters were independently
associated with overall mortality. In particular, the study
showed that the ETP and lag-time were directly associat-
ed with overall mortality. Furthermore, these parameters
were associated with some conditions (e.g., age, obesity,
diabetes, dyslipidemia, use of oral contraceptives or hor-
monal replacement therapy) that are known risk factors
for cardiovascular disease. The study by van Paridon ez al.
is the first to investigate the association of hypercoagula-
bility (as measured by TG) and the risk of mortality in a
large population.' However, some issues emerge from the
study that warrant consideration. While it is plausible
that high ETP is directly associated with overall mortality,
it is less plausible that the prolonged (not shortened) lag-
time is associated with mortality. It should however be
recognized that a prolonged lag-time has been hypothe-
sized to be associated with increased levels of tissue fac-
tor pathway inhibitor, one of the naturally occurring anti-
coagulants. Unfortunately, the authors did not provide
data on tissue factor pathway inhibitor in their cohort,
nor did they report other parameters of TG such as the
time to reach the peak concentration. One may wonder
whether or not the latter parameter would be more rep-
resentative than the lag-time to describe the real situation
concerning the velocity of TG, which might help to
understand the mechanism of thrombogenesis.
Furthermore, the study did not investigate the association
between TG and cardiovascular mortality. This would
have been a more plausible association between hyperco-
agulability and clinical outcome. Notwithstanding these
limitations, the study by van Paridon et al. should be con-
sidered an important step forward for the development of
TG as a global procedure to assess the hemostatic system
and its relationship with overall mortality.!
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