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ABSTRACT

INTRODUCTION

Primary hemostasis represents the set of processes by which platelet aggregates are
formed at the site of a vascular injury. It involves the interaction between the vascular wall,
platelets, platelet receptors and von Willebrand factor. Normal endothelium has antithrombotic
and fibrinolytic properties, preventing platelet activation and excessive coagulation. In contrast,
the subendothelium is highly thrombogenic, as it contains collagen, fibronectin,
thrombospondin and von Willebrand factor, elements that favor platelet adhesion.

After vessel injury, platelets adhere to the subendothelium mainly through von
Willebrand factor, which connects the exposed vascular matrix and glycoprotein Ib on the
platelet surface. Platelets can also bind directly to collagen through specific receptors.
Adhesion triggers platelet activation, a process in which platelets change shape, expose
pseudopodia, release granular content and synthesize thromboxane A2, a proaggregant and
vasoconstrictor mediator.

Blood coagulation consists of a cascade of enzymatic reactions that lead to the
formation of fibrin, strengthening the platelet plug. Coagulation factors are plasma proteins,
many of which are zymogens synthesized in the liver. Of these, fibrinogen, factors Il, VII, IX,
and X, factor Xlll, cofactors V and VIIl, as well as natural coagulation inhibitors such as
antithrombin, protein C, protein S, and TFPI, play central roles. Initiation of coagulation occurs
mainly through exposure to tissue factor, which binds and activates factor VII. The tissue
factor—Vlla complex activates factor X, and then thrombin is formed. Thrombin plays a central
role: it converts fibrinogen into fibrin, activates platelets, activates cofactors V and VIII, and
amplifies its own generation by activating factor XI. There is also a contact pathway, involving
factors XIlI and XIl, prekallikrein and high molecular weight kininogen, but this is of secondary
importance in physiological hemostasis.

Light chain amyloidosis is presented as a systemic disease caused by clonal
proliferation of plasma cells, which secrete excessively immunoglobulin light chains with tissue
deposition potential. These proteins undergo aberrant folding and transform into insoluble
amyloid fibrils, which are deposited in tissues and cause organ dysfunction. The lesion is
determined not only by tissue infiltration, but also by the direct proteotoxic effects of circulating
light chains. Diagnosis is based on tissue biopsy with Congo red and accurate amyloid typing.
The most affected organs are the heart, kidneys, liver, nervous system and gastrointestinal
tract. Cardiacally, the disease produces restrictive cardiomyopathy, microvascular ischemia,
arrhythmias and an increased risk of intracardiac thrombosis. Renally, it can cause severe
proteinuria and nephrotic syndrome, which favors hypercoagulability. From a hemostatic point
of view, AL amyloidosis is paradoxically associated with both bleeding, through vascular
fragility, platelet dysfunction and acquired factor X deficiency, and thrombosis, through stasis,
nephrotic syndrome, inflammation and cardiac damage. Treatment aims at rapid control of the
plasma clone and prevention of organ damage.
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Thrombotic thrombocytopenic purpura is a rare, severe thrombotic microangiopathy,
determined by a marked deficiency of ADAMTS13, the enzyme that fragments large multimers
of von Willebrand factor. In its absence, very large multimers of VWF accumulate, which
induce platelet aggregation and microvascular thrombosis. Clinically, the disease manifests
itself by thrombocytopenia, microangiopathic hemolytic anemia, neurological damage, renal
damage and sometimes fever. The diagnosis should be suspected early, and treatment
initiated urgently, mainly by plasma exchange and corticosteroids. Rituximab and
caplacizumab have significantly improved the prognosis, the latter acting rapidly by blocking
the interaction between vVWF and platelets.

Inflammation reduces the activity of natural anticoagulant systems, inhibits fibrinolysis
and transforms the endothelium into a prothrombotic phenotype. Activated platelets amplify
inflammation through the secretion of mediators and the interaction with leukocytes. A major
role is played by neutrophils, which through NETosis release extracellular traps formed by
DNA, histones and proteolytic enzymes. NETs promote platelet adhesion, activate the contact
pathway of coagulation, degrade natural inhibitors of coagulation and support
immunothrombosis. Thus, the text highlights the fact that hemostasis, coagulation,
inflammation and systemic diseases are deeply interconnected.

AIM AND GENERAL OBJECTIVES

The central aim of this doctoral thesis is to investigate the clinical relevance of non-
classical algorithms for the assessment of hypercoagulability and their potential role as
prognostic tools in modern medical practice. The research is thus based on the identification of
those characteristic elements that contribute to the establishment of the prediction factor for
the pathologies: Light chain amyloidosis and thrombotic thrombocytopenic purpura.

In order to achieve the proposed goal, the following objectives were established:

- Detailing the disease context and the implications it has on the hemostatic and
coagulological status of patients;

- Staging the statistical analysis process and identifying in particular the statistical tests,
which, through their functionality and way of being constructed, give results that implicitly
contain the value of a predictive factor;

- Detailed characterization of the studied cohorts in order to integrate all their elements
in the statistical analysis process;

- Establishing the correlation between thrombosis recurrence and organ involvement,
the time of diagnosis and therapeutic status, in patients with AL amyloidosis;

- Stratifying the inflammatory process in patients with AL amyloidosis and determining
how it can function as a predictive factor for detecting the clinical context;

- Determining how the inflammatory process can influence/influence laboratory results
designed to assess hypercoagulable status;



- Stratifying how serum levels of k and I light chains can be used as predictive factors in
AL amyloidosis;

- Determining how the laboratory results for establishing the diagnosis of TTP can be
used as prognostic factors in assessing various clinical manifestations;

- Determining how variables related to the patient's therapeutic course can be used as a
predictive factor in assessing refractoriness/exacerbation.

STUDY | - HYPERCOAGULABILITY IN AL AMYLOIDOSIS AND THE IMPORTANCE
OF THE PREDICTIVE VALUE OF TEG AND TGT FOR THE RECURRENCE OF
THROMBOSIS IN INFLAMMATORY CONTEXT

MATERIALS AND METHODS

The study was conducted within the Department of Hematology of the Fundeni Clinical
Institute in Bucharest, in compliance with the ethical principles set forth in the Declaration of
Helsinki. The protocol was approved by the ethics committee, and all patients provided
informed consent. The data were anonymized before analysis. 61 consecutive patients
diagnosed with AL amyloidosis, evaluated between January 2024 and June 2025, were
included. Clinical and laboratory data relevant to hemostasis were systematically collected for
each patient, using standardized forms and medical records.

The data included thrombotic history, organ involvement (renal, cardiac, hepatic),
disease status, and treatments administered, including antithrombotic therapies and the timing
of their administration relative to sample collection. Inflammatory and disease parameters,
such as C-reactive protein, albumin, and free /A light chains, were also analyzed. Organ
involvement was recorded dichotomously, considering the impact of different dysfunctions on
coagulation through distinct mechanisms.

The hemostasis assessment combined plasma tests (APTT, TQ, fibrinogen, D-dimers,
factor X) with global functional methods. Thromboelastography (TEG) provided information on
clot initiation, propagation, and stability in whole blood, while thrombin generation testing
(TGT) assessed procoagulant potential at plasma level. The combined use of TEG and TGT
allowed for a comprehensive characterization of coagulation status. Treatment-related
variables were also recorded, including daratumumab-based therapies and use of direct oral
anticoagulants, as well as the time of collection (diagnosis vs. treatment), to facilitate correct
interpretation of the results.

Statistical analysis was performed using GraphPad Prism. Data were processed
through a standardized workflow. Given the biological variability and relatively small sample
size, non-parametric methods were mainly used. Continuous variables were described by
median and interquartile range, and the 95th percentile was used to highlight extreme values.
Associations between categorical variables were assessed by Fisher's exact test, with Monte
Carlo approximation when necessary. To identify independent relationships between
laboratory variables and binary clinical outcomes, multivariable logistic regression models
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were constructed, selecting predictors based on clinical and biological relevance. Model
performance was assessed by the area under the ROC curve (AUC). All tests were two-sided,
and the threshold for statistical significance was set at p < 0.05.

RESULTS

During the cohort, 20 participants (32.8%) had a history of thrombosis, of which 6
participants (9.83%) had thrombosis before the diagnosis was confirmed.

Organ involvement was confirmed as follows: liver involvement in 21 patients (34.4%),
kidney involvement in 34 patients (55.7%), and cardiac involvement in 37 participants (60.7%)
(categories are not mutually exclusive).

Hemostasis and coagulation tests identified a hypercoagulable phenotype for 31
participants (50.8%) using TEG and for 25 participants (41.0%) using TGT. Regarding the
therapeutic status at the time of inclusion of patients in the study, 43 participants (70.5%) were
receiving daratumumab-based therapy, 18 participants (29.5%) were included at the initial
diagnosis of the disease, and 26 participants (42.6%) were under anticoagulant therapy using
DOAC, most of them for prophylactic purposes for atrial fibrillation (20 patients — 32.78%).

Within the studied population, the biochemical profile is noted by a median serum
albumin level of 3.6 g/dl (IQR 2.8-9.8), along with a right-skewed distribution of free light
chains k (16 mg/l, IQR 8.2-59) and | (23 mg/l IQR 12-48) and an increased inflammatory
status, with CRP = 8 mg/l (IQR 2.7-24).

In the subgroup not recorded as receiving direct oral anticoagulants, coagulation
parameters were generally within the laboratory reference ranges, with an APTT ratio of 0.97
(IQR 0.92-1.12), FX 98% (IQR 78-156) and TQ 96% (IQR 84-109), while the broader panel of
plasma-based coagulation tests indicated an inflammatory reactive increase in fibrinogen (490
mg/dl, IQR 396-570) and a uniform distribution of D-dimers with a median below the upper
limit (224 ng/ml, IQR 132—-457), but with a significant increase reported towards the upper
limits (P95 1118 ng/ml).

TEG testing using whole blood demonstrated consistent values with preserved clot
initiation kinetics (R 5.3 min, K 1.2 min) and a trend towards stronger and faster clot formation
in the upper part of the graph, with an ANGLE of 73°, MA 68 mm and G 10.

Thrombin generation (TGT) also showed a wide dispersion, with a median LAG of 3.7
min, a peak of 175 nM, a time to peak of 6.7 min and an ETP of 1127 nM/min and maximum
95th percentiles (11 min, 470 nM, 12 min and 2169 nM/min respectively), supporting
substantial interindividual variability in thrombin generation capacity within the cohort.

To document whether thrombotic recurrence could be associated with clinical
determinants, a series of Fisher's exact tests were performed, comparing history of thrombosis
with major organ involvement, presence of treatment, and time of diagnosis.

No statistically significant correlations were identified between thrombosis and the
patient's time of presentation at initial diagnosis (p > 0.05) or whether the patient was receiving
daratumumab-based therapy at study entry (p > 0.05).



Similarly, thrombotic recurrence was not statistically associated with renal involvement
(p > 0.05), hepatic involvement (p > 0.05), or cardiac involvement (p > 0.05).

Collectively, these analyses did not show a notable relationship between thrombotic
recurrence and the documented patterns of treatment status, organ involvement, or time of
diagnosis in our cohort.

Subsequently, multivariable analyses were performed to assess predictors of
thrombosis recurrence and to explore determinants of hypercoagulability, as defined by global
tests.

In a multiple logistic regression model including APTT ratio and Quick time activity as
covariates, conventional clotting times did not significantly predict thrombosis recurrence (p >
0.05). In contrast, a model incorporating TEG parameters (K, ANGLE, and MA) was
significantly associated with thrombosis recurrence (global model p = 0.002), indicating that
whole blood viscoelastic markers of clot kinetics and clot strength were predictive of thrombotic
status in this cohort. Similarly, thrombin generation capacity was more strongly associated with
thrombosis recurrence, using a model that included TGT parameters (Peak and ETP) that
significantly predicted recurrence (p = 0.008).

In line with these results, contingency table analyses demonstrated significant
correlations between thrombosis history and hypercoagulability status, as assessed by our
viscoelastic and thrombin generation assays.

Fisher's exact test showed that thrombosis status was associated with TEG-defined
hypercoagulability positivity (p = 0.0066), but even more strongly with TGT-defined
hypercoagulability positivity (p < 0.0001).

Finally, we determined whether systemic inflammation and markers of fibrin turnover
were correlated with hypercoagulability status demonstrated by our global tests.

In multiple logistic regression, a regression model including CRP, fibrinogen (FG), and
D-dimer positively predicted TEG-positive status (p < 0.0001).

In contrast, the analogous model did not significantly predict TGT-positive status (the
overall model provided a p > 0.05), suggesting that, in this data set, inflammation-related
parameters were more closely aligned with viscoelastic hypercoagulability models than with
positivity defined by plasma thrombin generation. These results are shown in Figure 1

Our multivariate analysis models were used to assess whether inflammatory biology
and plasma fibrin levels (CRP, D-dimer, and fibrinogen) could be correlated with variables
relevant to the clinical context.

The logistic model using multiple laboratory results accurately predicted whether
patients were enrolled at baseline (p = 0.0114) and accurately predicted whether they were on
an active daratumumab regimen at baseline (p = 0.0414). When organ involvement was
queried using the same set of laboratory tests, there was only a marginal correlation with liver
involvement (p = 0.0539), but a significant correlation with cardiac involvement (p = 0.0131).
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These results indicate that the global inflammatory profile captured by CRP, D-dimer,
and fibrinogen varies with disease progression and is more readily correlated with cardiac
involvement than with hepatic involvement in our cohort.

Our multivariate analysis models were used to assess whether the biology expressed
by serum levels of other k and | light chains can be correlated with characteristics relevant to
the clinical context.

The logistic model using multiple laboratory results failed to accurately predict
thrombosis recurrence (p > 0.05), cardiac involvement (p > 0.05), hepatic involvement (p >
0.05) or renal involvement (p > 0.05).

The same model was however able to highlight a trend towards predicting positivity of
hypercoagulable status on the platform on which thrombelastography was performed with an
AUC=0.6269 (p=0.0887), but this trend completely disappears when the same parameters are
used to assess hypercoagulability status on the platform specific to thrombin generation time
with an AUC= 0.5061 (p=0.9357).

Put into perspective, all these results converge towards testing the hypothesis that it is
justified to document whether serum levels of k and I light chains can be useful to be used as
predictive factors for assessing inflammatory status. Finally, the results of the multivariate
analysis revealed an AUC=0.6550 (p=0.0438%).

Inflamation used to predict TGT positivity Inflamation used to predict TEG positivity
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Figure 1: Inflammatory parameters (CRP, FG, D-Dimers) used as variables/determinants to predict TEG positivity
(*=statistically significant), left; Inflammatory parameters (CRP, FG, D-Dimers) used as variables/determinants to predict TGT
positivity, right.

DISCUSSIONS

Major organ involvement is a central feature of the cohort: cardiac involvement was present in
60.7% of patients, renal involvement in 55.7%, and hepatic involvement in 34.4%. These
manifestations are important because each organ can modify the hemostatic profile differently. Liver
involvement can alter the synthesis of coagulation factors and natural anticoagulants, renal
involvement can favor hypercoagulability through urinary loss of anticoagulants and modification of the
response to treatment, and cardiac involvement can amplify the thrombotic risk through stasis, reduced
perfusion, and endothelial activation.



Another defining aspect is the high prevalence of thrombosis recurrence, of 32.8%, higher than
in many previously published series. This suggests that thrombosis is not a rare event in AL
amyloidosis and justifies a more in-depth hypercoagulant phenotyping than simple conventional
screening. Differences from other studies may be explained by variations in design, definitions of
thrombosis, duration of follow-up, and depth of clinical documentation.

Therapeutically, the cohort reflects current practice: most patients were treated with
daratumumab, almost a third were at initial diagnosis, and 42.6% were receiving direct oral
anticoagulants (DOACSs), either prophylactically or curatively. These treatments influence not only the
biology of the disease, but also the interpretation of laboratory tests, especially screening tests, which
can be distorted by DOACs.

An important result of the study is the increased prevalence of global hypercoagulability,
detected in 50.8% of patients by thromboelastography (TEG) and in 41.0% by thrombin generation
testing (TGT). This shows that global tests capture the prothrombotic tendency better than APTT and
TQ, which did not predict thrombotic recurrence. However, TEG and TGT are not interchangeable, as
they explore different biological compartments.

As for serum kappa and lambda light chains, they did not have significant predictive value for
thrombotic recurrence or organ damage. Only a modest association with inflammatory status was
observed, suggesting that their utility is more as complementary markers of systemic inflammation than
as direct predictors of hypercoagulability or clinical severity. The study emphasizes the need for larger
cohorts, standardized protocols, and integrated predictive models.

CONCLUSIONS

This prospective cohort addressing Light Chain Amyloidosis captures a complex population in
which multiorgan dysfunction (cardiac, renal, and hepatic) and plasma cell-directed therapy influence
the interpretation and exploratory recommendations regarding hemostasis and coagulation.

Because the aforementioned factors modify the way we classically interpret laboratory test
results, assessment of thrombosis risk must be individualized.

Thrombosis was frequently documented, supporting the hypothesis of an extended
phenotyping. Global functional tests showed frequent hypercoagulability (TEG and TGT) even when
screening clotting times were recorded as being within normal parameters.

APTT and PT ratios did not predict thrombosis recurrence, whereas models using TEG (K,
Angle, MA) and TGT (Peak, ETP) were able to predict it, highlighting stronger clinical utility and non-
interchangeability of platforms between whole blood and plasma (viscoelastic test versus thrombin
generation).

Inflammation/fibrin turnover predicted TEG positivity, but not TGT, suggesting a tendency to
bias viscoelastic results in an inflammatory context.

Clinically, TEG/TGT should therefore be targeted at diagnosis and during treatment, taking into
account inflammation status. However, larger longitudinal studies with standardized sampling and a
broader screening of the cohort by exclusion criteria that include ancillary events that may induce
thrombosis are needed.
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STUDY Il — PROGNOSTIC AND OPTIMIZATION OF THERAPY IN THROMBOTIC
THROMBOCYTOPENIC PURPURA: PERSPECTIVES FOLLOWING EXPERIENCES OF THE USE
OF CAPLACIZUMAB IN A PRIMARY HEMATOLOGY CENTER IN ROMANIA

MATERIALS AND METHODS

The study was conducted within the Hematology and Bone Marrow Transplantation Center of
the Fundeni Clinical Institute, in compliance with the principles of the Declaration of Helsinki and with
the approval of the ethics committee. All data were anonymized, and informed consent was obtained
from patients upon admission. 31 patients diagnosed with thrombotic thrombocytopenic purpura (TTP)
between 2013 and 2024 were consecutively included. The diagnosis of immune TTP was established
by associating a PLASMIC score 25 with a severe ADAMTS13 deficiency (<10%). Determination of
ADAMTS13 activity was initially performed by semiquantitative methods, and later an automated
method based on FRET technology was implemented.

Patients were divided into two therapeutic groups: plasma exchange (PEX) associated with
corticosteroids or PEX associated with caplacizumab. Data were collected from the time of diagnosis
and during follow-up, including demographic, clinical, and laboratory variables. The parameters
analyzed included the complete blood count, schistocytes, hemolysis markers (LDH), renal function
(creatinine), liver samples and serial ADAMTS13 activity. The Coombs test was used for the differential
diagnosis of hemolytic anemia.

Details regarding the intensity of treatment (number of PEX sessions, length of hospitalization,
intensive care admission) and hematological response were documented. Refractory was defined by
the persistence of thrombocytopenia and elevated LDH after 5 PEX sessions. Platelet recovery time
was considered the interval until reaching the value of 150 x 109/L.

ADAMTS13 activity was evaluated by the FRET method, based on the energy transfer between
fluorophores as a function of molecular distance. This technique allows for the precise quantification of
enzymatic activity by detecting fluorescence changes generated by substrate cleavage. Compared to
semiquantitative methods, FRET offers superior sensitivity and reproducibility, being able to detect
small variations in enzymatic activity, clinically relevant in TTP.

In 2022, the laboratory implemented an automated FRET platform, which reduced analysis time
and improved standardization of results. The system allows reporting values over a wide range (0—
160%), facilitating longitudinal monitoring. Validation of the method was performed on a group of 20
patients, demonstrating concordance with the previous method and the ability to detect subtle changes
in ADAMTS13 activity.

Although more expensive, the automated method offers significant advantages, including
increased speed and accuracy, essential in the management of TTP. At the same time, interpretation
of the results requires attention to possible interferences (hemolysis, hyperbilirubinemia, lipemia,
heparin).

Therapeutic plasma exchange was initiated early (within the first 4 hours of suspicion), using
central venous access and apheresis equipment. Plasma volume was calculated individually, and
treatment was monitored through clinical and laboratory assessments, tracking hematological response
and patient safety.

RESULTS
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Our initial cohort comprised 31 patients, 16 of whom were treated with a combination of plasma
exchange (PEX) and caplacizumab, while the remainder received only PEX and corticosteroid therapy.

The group had a predominantly female incidence of 64% and a median age of 43 years,
consistent with known demographic trends for autoimmune TTP.

Only five patients had a PLASMIC score below 6. The overall incidence of infection, respiratory
distress, neurological manifestations, gastrointestinal involvement, and refractoriness is detailed in
Table 5.

By evaluating the distribution of patients treated with caplacizumab versus PEX, the only
significant difference observed was in the number of days of hospitalization (p = 0.004), with a mean of
10.4 vs. 20.8 days.

The two subgroups divided according to the type of therapeutic approach were analyzed to
determine the coefficient of variation of the following clinical variables: number of PEX sessions (VC =
56.5% in the caplacizumab group and VC = 56.6% in the PEX group), days of hospitalization (VC =
43.1% in the caplacizumab group and VC = 63.3% in the PEX group), days spent in intensive care (VC
= 265% in the caplacizumab group and VC = 214% in the PEX group), and the number of days
required for normalization of blood platelet levels (VC = 60.7% in the caplacizumab group and VC =
51.8% in the PEX group).

To further determine the effects of the two treatment protocols on the aforementioned variables,
a coefficient of variation analysis was performed between the PEX and caplacizumab groups.

The result revealed a statistically significant difference between the treatment protocols in terms
of the total number of days of patient hospitalization (p < 0.05).

It was also determined whether the type of treatment protocol was associated in any way with a
predisposition to refractoriness, and the analysis using contingency tables generated a p value of 0.008
(Figure 2).
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Figure 2. Treatment-dependent results for refractoriness

(*=statistically significant).
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All these results suggest that the inclusion of caplacizumab in plasma exchange therapy and
corticosteroids may reduce refractoriness and may also improve clinical outcomes compared to plasma
exchange therapy and corticosteroids (0% refractoriness in the caplacizumab group vs. 20.59% in the
PEX group).

However, no significant correlation was found between types and disease severity based on
individual PLASMIC score parameters (p < 0.05).

In order to try to discover the predictive values of our data types, this segment of the paper
focuses on the use of multivariable predictive models (which include paraclinical data from all 31
patients) to determine whether clinical outcomes, including the presence of infection at the time of
diagnosis, major neurological symptoms, treatment refractoriness, respiratory distress, gastrointestinal
involvement, exacerbation, and gender differences, could be predicted using continuous variables
obtained from standard laboratory tests.

The efficiency of using this type of statistical analysis model was documented by reporting the
area under the ROC curve (AUC) with representative p-values.

These were as follows: for infection, AUC = 0.828 (p = 0.0024), for respiratory distress, AUC =
0.899 (p = 0.0006), for gastrointestinal tract involvement, AUC = 0.800 (p = 0.005), for the presence of
major neurological symptoms, AUC = 0.880 (p = 0.0004), for the presence of petechiae, AUC = 0.9133
(p = 0.0019) using age-dependent outcomes, hemoglobin, platelet count, white blood cell count,
creatinine, total/direct/indirect bilirubin, and LDH. All of these data were measured at the time of
diagnosis. For the prediction of refractoriness/exacerbation, the results of the statistical analysis
included an AUC = 0.870 (p = 0.0005).

These results indicate a strong ability to predict acute complications, with AUC values ranging
from 0.800 to 0.899, indicating high discriminatory power.

It also highlights the complex biological profile of thrombotic thrombocytopenic purpura, in which
low platelet count, endothelial dysfunction, oxidative stress, and increased tissue permeability
contribute to the development of multiorgan complications.

From another perspective of using this type of statistical analysis model, it was not able to
provide a useful predictor for the following clinical characteristics: for the prediction of overall lung
damage, AUC = 0.8214 (p < 0.05) and for the prediction of recurrence of death in the study population,
AUC = 0.8448 (p < 0.05), using the results dependent on age, hemoglobin, platelet count, white blood
cell count, creatinine, total/direct/indirect bilirubin, and LDH.

We applied the same predictive models for post-treatment outcomes (exacerbation or disease
flare), considering treatment with PEX alone and corticosteroid therapy as an indicator of poor
prognosis.

Predictor variables included the number of PEX sessions, number of days of hospitalization,
number of days in intensive care, and days required for platelet count recovery. The model obtained an
AUC=0.72 (p=0.03)

These findings highlight the complex and multifaceted biological profile of thrombotic
thrombocytopenic purpura (TTP), in which low platelet counts, endothelial dysfunction, oxidative stress,
and increased tissue permeability contribute to the development of multiorgan complications.

DISCUSSIONS
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Although the cohort analyzed was numerically reduced, it faithfully reflected the typical clinical
and biological picture of acquired thrombotic thrombocytopenic purpura, a severe, life-threatening
thrombotic microangiopathy characterized by marked thrombocytopenia, microangiopathic hemolytic
anemia, and ischemic organ damage. The study was not limited to the description of the initial
manifestations, but specifically followed the evolution after treatment, with an emphasis on therapeutic
refractoriness, defined by the absence of an adequate response to first-line therapy. An important
result of the analysis was the development of a predictive model based on common biological
parameters, rapidly available in routine practice. Age, hemoglobin, white blood cell count, platelets at
diagnosis, creatinine, bilirubin, and LDH proved useful in identifying patients at increased risk of
unfavorable evolution, persistent disease activity, or the occurrence of complications, despite standard
treatment. This observation supports the idea that early risk stratification can guide faster and more
appropriate therapeutic decisions, especially in patients at high risk of microvascular thrombosis and
organ ischemia.

In this context, early administration of caplacizumab seems particularly valuable, especially in
patients with severe thrombocytopenia, very high LDH, significant neurological impairment, or renal
failure at presentation. Our data suggest that early introduction of this therapy can reduce
complications and mortality and limit the risk of refractoriness. At the same time, the study also
analyzed prognostic factors associated with therapeutic practice, such as the number of plasma
exchange sessions, which can function as indirect markers of disease severity and treatment intensity.

On the other hand, the evolution of patients cannot be explained only by initial data. We
observed that the subsequent course is also influenced by dynamic factors, such as the elimination of
ADAMTS13 inhibitors, the response to glucocorticoids, and the general immunological status. This
highlights the importance of continuous longitudinal reassessment, based on successive monitoring of
platelets, hemolysis markers, renal function, and signs of neurological or cardiac damage, instead of a
rigid therapeutic approach.

By comparing the two therapeutic groups, patients treated with PEX alone and patients treated
with PEX plus caplacizumab, relevant differences were observed not only in the mean values but also
in the variability of clinical response. The caplacizumab group showed a reduced dispersion for several
clinical outcomes, suggesting not only a better but also a more predictable evolution. The number of
PEX sessions remained similar and highly variable in both groups, probably due to individualized
decisions to stop the procedure, based on platelet response, hemolysis markers, and clinician
judgment. In contrast, the length of hospital stay was more homogeneous and shorter in patients who
received caplacizumab, suggesting a faster clinical stabilization.

The intensive care days showed a very high variability in both groups, explained by the
heterogeneity of the severity of the disease: some patients stabilized quickly, while others required
prolonged care due to neurological, cardiac, renal or hematological complications. The time to platelet
recovery also varied between patients, even in the caplacizumab group, probably because this drug
rapidly stops platelet consumption, but does not directly influence the production of autoantibodies.
Thus, the dynamics of recovery still depend on the speed of elimination of inhibitors and the response
to immunosuppression.

From a pathophysiological point of view, the results support the central mechanism of the
disease: severe ADAMTS13 deficiency allows the persistence in circulation of ultra-large multimers of
von Willebrand factor, which favor platelet aggregation and the formation of microvascular thrombi. This
process causes consumptive thrombocytopenia, hemolysis and tissue ischemia. Caplacizumab acts
rapidly by blocking the interaction between von Willebrand factor and platelets, interrupting the
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formation of microvascular thrombi. This explains why treatment was associated with faster platelet
normalization and shorter hospital stays, even though the number of PEX sessions was not
dramatically reduced. PEX remains essential for the removal of circulating inhibitors and for the
replenishment of ADAMTS13, and caplacizumab functions more as a therapeutic bridge until the
effects of immunosuppression become effective. Our study has practical value especially in that it
reflects the real experience of a reference center, in a context where immediate access to ADAMTS13
testing is not always possible. In such situations, the use of routine marker-based algorithms can
support triage, early therapeutic decisions and identification of patients at high risk of refractoriness or
complications. This approach is particularly relevant for emergency and intensive care units, where
time is critical and treatment often needs to be started before definitive confirmation of the diagnosis.

An important contribution of the study was also the transition from semiquantitative ADAMTS13
testing to a quantitative, fully automated method. This change reduced the time to obtain results,
increased diagnostic sensitivity and improved monitoring of relapse risk after remission. Integrating
such a technological advance into a coherent clinical workflow can significantly influence prognosis,
allowing for faster confirmation of atypical cases, adjustment of the duration of caplacizumab therapy
and more precise surveillance of patients at persistent risk.

However, the results must be interpreted in the context of the study limitations: retrospective,
single-center design, small number of patients, lack of randomization and the possibility of confounding
factors related to the therapeutic indication or variable access to medication. The small sample size
may limit the statistical power and stability of the predictive models. In addition, the change in the
ADAMTS13 assay method during the study period may introduce some variability. Even so, the data
provide important exploratory evidence and support the clinical utility of caplacizumab, as well as the
value of a pragmatic prediction algorithm based on routine biomarkers. Until validated in larger,
multicenter cohorts, these conclusions should be viewed as useful clinical guidance, not as a definitive
standard.

CONCLUSIONS

Our findings indicate the feasibility of predicting acute complications and treatment
refractoriness in TTP using commonly available laboratory parameters such as hemoglobin, platelet
count, and LDH. The introduction of caplacizumab significantly reduced PEX sessions, hospitalization
time, ICU stays, and platelet recovery time, improving both therapeutic predictability and overall patient
outcomes.

Although routine laboratory tests were moderately predictive of post-treatment relapse, a more
reliable prognostic value lies in serial testing of ADAMTS13 activity and inhibitors, as well as treatment-
specific response variables.

Further research is needed to validate our findings in larger, multicenter prospective studies.
Future directions include the integration of machine learning algorithms and cost-effectiveness analysis
to refine treatment strategies and improve personalized management of TTP, especially in resource-
limited settings.

STUDY Ill - THE ROLE OF EXTRACELLULAR NEUTROPHIL TRAPS IN NEOPLASTIC
CONTEXT

MATERIALS AND METHODS
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The document search procedure used aimed to synthesize the current evidence on the
interaction between inflammation, NETs and thrombosis, as a unified immunological framework. To this
end, a comprehensive bibliographic search was performed in PubMed/MEDLINE, Scopus, Web of
Science and Google Scholar, using predefined keywords related to inflammation, NETS,
immunothrombosis and coagulation.

A total of 1752 scientific articles were thus identified, of which 80 were selected for further
analysis. Experimental, observational and translational studies examining the mechanistic links
between inflammatory pathways, NET formation and thrombotic events were eligible for review. After a
two-step screening process (title/abstract and full review), relevant data were extracted and analyzed
narratively due to methodological heterogeneity.

NETs AND THEIR ROLE IN NEOPLASTIC CONTEXT

The tumor microenvironment represents the set of cellular and non-cellular elements that
interact with the tumor and influence its biological behavior. This ecosystem is formed by tumor cells,
immune cells, extracellular matrix proteins, growth factors, newly formed blood vessels and fibroblasts.
It is not a passive space, but a dynamic structure, capable of supporting or, in certain contexts, limiting
tumor development. Its heterogeneity is essential: different regions of the same tumor can have distinct
cellular compositions, with pro- or anti-tumor effects. Overall, the stroma and the immune infiltrate
contribute to tumor proliferation, invasion, metastasis and response to treatment.

The extracellular matrix influences tumor progression through proteins such as fibronectin and
collagen, which modulate signaling pathways involved in adhesion, migration and proliferation. In
parallel, the immune infiltrate generates a chronic inflammatory environment, which can stimulate tumor
growth. Cancer cells take advantage of this context by secreting factors capable of inhibiting essential
immune functions, including T-cell activation and cytotoxic NK cell activity. Especially in early stages,
the tumor recruits suppressor cells of myeloid or regulatory origin, creating a favorable framework for
immune evasion.

In this landscape, NETs have become an important component of the tumor microenvironment.
Their formation can be induced directly by the tumor, through the release of cytokines and growth
factors, or indirectly, through the general proinflammatory state and cell death processes associated
with tumorigenesis. Molecules such as interleukins, TNF-alpha, interferons, complement fragments and
chemokines activate neutrophils and promote NETosis. Once formed, NETs not only perpetuate
inflammation, but can also inhibit the antitumor immune response by depleting T-cells and reducing NK
cell activity.

A major aspect is the contribution of NETs to treatment resistance. In the case of
chemotherapy, available data show that increased levels of NETs are associated with reduced efficacy.
These structures have been shown to protect tumor cells through indirect mechanisms, including the
action of soluble factors produced by myeloid suppressor cells and neutrophils. In multiple myeloma,
for example, neutrophils and myeloid cells in the bone marrow have reduced the cytotoxic effect of
some chemotherapeutic agents. NETs appear to function as a protective barrier and even modify the
availability of some drugs to the tumor cell. Importantly, dissolution of these networks with
deoxyribonuclease can restore sensitivity to treatment, suggesting a possible therapeutic direction.

NETs are also involved in resistance to immunotherapy. Modern immune checkpoint blockade
therapies depend on the ability of T lymphocytes to recognize and destroy malignant cells. However,
increased neutrophil numbers and intense NETosis activity correlate with poorer responses. In
particular, IL-17 signaling promotes neutrophil recruitment, increased PD-1 and PD-L1 expression, and
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functional exclusion of CD8 T cells from the tumor space. NETs may also act as a physical barrier
between effector immune cells and tumor cells, reducing the direct contact required for cytotoxicity.
Blocking IL-17, neutrophils, or NETosis, in combination with PD-1 inhibition, appears to improve
antitumor responses.

Radiotherapy is influenced by a similar mechanism. Although radiation initially produces a
beneficial inflammatory response, recruitment of neutrophils into irradiated tissue may promote
NETosis. NETs may cover the surface of tumor cells and limit the effectiveness of radiation, acting as a
mechanical barrier and altering CD8 T cell infiltration into the tumor. Increased presence of NETs and
predominance of intratumoral neutrophils are associated with poor response to radiotherapy and
reduced survival. Again, degradation of NETs by deoxyribonucleases improved the therapeutic
response, reinforcing the idea that these structures actively contribute to radioresistance.

Beyond their role in treatment resistance, NETs represent a central link between inflammation
and thrombosis. They are composed of decondensed chromatin, histones, and granular proteins
released by activated neutrophils and constitute the foundation of the concept of immunothrombosis.
Inflammation stimulates the formation of NETs, which in turn amplify inflammation and create a
prothrombotic environment. Extracellular DNA and histones promote the activation of coagulation
factors, thrombin generation, platelet aggregation, and endothelial damage. In addition, NETs interact
with tissue factor and von Willebrand factor, reinforcing the link between the inflammatory response
and coagulation.

CONCLUSIONS

In conclusion, this review highlights the crucial role of NETs as a key link between inflammation,
tumor biology, and thrombosis within a unified immune system.

The synthesized evidence indicates that NET formation is not only a defense mechanism but
also a key factor contributing to tumor progression, immune evasion, and resistance to conventional
anticancer therapies, including chemotherapy, immunotherapy, and radiotherapy.

In the tumor microenvironment, NETs promote a persistent proinflammatory state, facilitate
immunosuppression, and interfere with an effective antitumor response by limiting the cytotoxic activity
of immune cells.

Furthermore, their interaction with platelets, endothelial cells, and coagulation factors supports
their involvement in thrombus formation and stabilization, reinforcing the concept of immunothrombosis.

The bidirectional relationship between inflammation and NETs creates a self-perpetuating
proliferation cycle that exacerbates both tumor progression and the risk of thrombosis.

CONCLUSIONS AND PERSONAL CONTRIBUTIONS

This doctoral research analyzes the clinical utility of non-classical methods for assessing
hypercoagulability and their prognostic value in hematology, focusing on two complex conditions: AL
amyloidosis and thrombotic thrombocytopenic purpura. The central idea of the thesis is that
conventional coagulation tests, such as prothrombin time and activated partial thromboplastin time,
only partially describe the hemostatic balance and fail to capture the real risk of thrombosis or bleeding
in these patients. Therefore, a more integrated and dynamic assessment of coagulation is needed.
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The results show that global functional tests, especially thrombin generation and viscoelastic
methods, provide essential clinical information that cannot be obtained by routine tests. These methods
assess clot formation, thrombin production and its stability, providing a more realistic picture of the
relationship between procoagulant and anticoagulant mechanisms. In systemic diseases, such as AL
amyloidosis, where several pathogenic mechanisms act simultaneously, these tests highlight
hemostatic imbalances that would otherwise remain undetected.

In AL amyloidosis, research has highlighted a paradoxical hemostatic profile, in which bleeding
risk and thrombotic predisposition coexist. This imbalance is determined by endothelial dysfunction,
organ damage, circulating light chains and the influence of treatment. In addition, acquired deficiencies
of some coagulation factors, especially factor X, may occur, which increases the risk of bleeding. In
parallel, nephrotic syndrome, cardiac damage, inflammation and immobilization favor
hypercoagulability. Thus, the hemostatic state of the patient with AL amyloidosis cannot be correctly
interpreted by isolated parameters, but requires the integration of biological and clinical data.

The thesis also emphasizes the major role of systemic inflammation in modifying coagulation.
Inflammation influences the endothelium, platelet function and natural anticoagulant mechanisms,
favoring a prothrombotic environment and reduced fibrinolysis. Consequently, inflammatory markers
should be considered when interpreting functional tests and estimating thrombotic risk.

In thrombotic thrombocytopenic purpura, the study highlights the importance of rapid diagnosis
and early initiation of therapy. Since the result of ADAMTS13 activity is not always immediately
available, predictive models based on accessible parameters, such as platelets, hemoglobin, LDH and
creatinine, have been proposed. These markers may help in the early identification of high-risk patients
and in the selection of a faster and more appropriate therapeutic approach. In this context, the use of
caplacizumab was associated with faster hematological recovery and a reduction in the need for
prolonged plasma exchange.

Overall, the thesis demonstrates that the integration of clinical data, functional coagulation tests
and statistical models can transform laboratory medicine from a strictly diagnostic tool into a real
support for prognosis and therapeutic decision. The overall conclusion is that integrated hemostatic
assessment is essential in complex hematological diseases and supports precision medicine through
better risk stratification and more individualized treatments.
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REZUMAT

INTRODUCERE

Hemostaza primara reprezinta ansamblul proceselor prin care se formeaza agregatul plachetar
la locul unei leziuni vasculare. Ea implica interactiunea dintre peretele vascular, trombocite, receptorii
plachetari si factorul von Willebrand. Endoteliul normal are proprietati antitrombotice si fibrinolitice,
impiedicand activarea plachetara si coagularea excesiva. In schimb, subendoteliul este puternic
trombogen, deoarece contine colagen, fibronectina, trombospondina si factor von Willebrand, elemente
care favorizeaza aderarea plachetara.

Dupa lezarea vasului, trombocitele adera la subendoteliu mai ales prin intermediul factorului
von Willebrand, care face legatura intre matricea vasculara expusa si glicoproteina Ib de pe suprafata
plachetelor. Trombocitele se pot lega si direct de colagen prin receptori specifici. Aderarea
declanseaza activarea plachetara, proces in care trombocitele isi schimba forma, expun pseudopode,
elibereaza continutul granular si sintetizeaza tromboxan A2, un mediator proagregant si
vasoconstrictor.

Coagularea sangelui consta in reactii enzimatice in cascada care duc la formarea fibrinei,
consolidand dopul plachetar. Factorii de coagulare sunt proteine plasmatice, multi dintre ei fiind
zimogeni sintetizati n ficat. Dintre acestia, fibrinogenul, factorii Il, VII, IX si X, factorul XIllI, cofactorii V si
VIII, precum si inhibitorii naturali ai coagularii, cum sunt antitrombina, proteina C, proteina S si TFPI, au
roluri centrale. Initierea coagularii are loc in principal prin expunerea factorului tisular, care leaga si
activeaza factorul VII. Complexul factor tisular—Vlla activeaza factorul X, iar apoi se formeaza trombina.
Trombina are rol central: transforma fibrinogenul in fibrina, activeaza trombocitele, activeaza cofactorii
V si VIII si amplifica propria generare prin activarea factorului XI. Exista si o cale de contact, in care
intervin factorii XII si Xl, precalicreina si kininogenul cu greutate moleculara mare, dar aceasta are
importanta secundara in hemostaza fiziologica.

Amiloidoza cu lanturi usoare este prezentatad ca o boala sistemica produsa de proliferarea
clonala a plasmocitelor, care secretd excesiv lanturi usoare de imunoglobuline cu potential de
depunere tisulara. Aceste proteine sufera pliere aberanta si se transforma in fibrile amiloide insolubile,
care se depoziteaza in tesuturi si produc disfunctie de organ. Leziunea nu este determinatad doar de
infiltrarea tisulara, ci si de efectele proteotoxice directe ale lanturilor usoare circulante. Diagnosticul se
bazeaza pe biopsie tisulara cu rosu Congo si pe tiparea exacta a amiloidului. Cele mai afectate organe
sunt inima, rinichii, ficatul, sistemul nervos si tractul gastrointestinal. Cardiac, boala produce
cardiomiopatie restrictiva, ischemie microvasculara, aritmii si risc crescut de tromboza intracardiaca.
Renal, poate cauza proteinurie severa si sindrom nefrotic, care favorizeaza hipercoagulabilitatea. Din
punct de vedere hemostatic, amiloidoza AL se asociaza paradoxal atat cu sangerare, prin fragilitate
vasculara, disfunctie plachetara si deficit dobandit de factor X, cat si cu tromboza, prin staza, sindrom
nefrotic, inflamatie si afectare cardiaca. Tratamentul vizeaza controlul rapid al clonei plasmatice si
prevenirea deteriorarii organelor.

Purpura tromboticad trombocitopenica este o microangiopatie trombotica rara, severa,
determinata de deficitul marcat de ADAMTS13, enzima care fragmenteaza multimerii mari ai factorului
von Willebrand. Tn lipsa acesteia, se acumuleaza multimeri foarte mari de vVWF, care induc agregare
plachetard si tromboza microvasculara. Clinic, boala se manifesta prin trombocitopenie, anemie
hemoliticd microangiopatica, afectare neurologica, afectare renald si uneori febra. Diagnosticul trebuie
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suspectat precoce, iar tratamentul initiat de urgenta, in principal prin schimb plasmatic si corticosteroizi.
Rituximab si caplacizumab au imbunatatit semnificativ prognosticul, acesta din urma actionand rapid
prin blocarea interactiunii dintre vVWF si trombocite.

Inflamatia reduce activitatea sistemelor anticoagulante naturale, inhiba fibrinoliza si transforma
endoteliul intr-un fenotip protrombotic. Trombocitele activate amplifica inflamatia prin secretia de
mediatori si interactiunea cu leucocitele. Un rol major il au neutrofilele, care prin NEToza elibereaza
capcane extracelulare formate din ADN, histone si enzime proteolitice. NET-urile favorizeaza aderenta
plachetara, activeazéa calea de contact a coagularii, degradeaza inhibitorii naturali ai coagularii si sustin
imunotromboza. Astfel, textul evidentiaza faptul cd hemostaza, coagularea, inflamatia si bolile
sistemice sunt profund interconectate.

SCOP $I OBIECTIVE GENERALE

Scopul central al acestei teze de doctorat este de a investiga relevanta clinica a algoritmilor
non-clasici pentru evaluarea hipercoagulabilitatii si rolul lor potential ca instrumente prognostice in
practica medicala moderna. Cercetarea astfel se bazeaza pe identificarea acelor elemente
caracteristice care contribuie la constituirea factorului de predictie pentru patologiile: Amiloidoza cu
lanturi usoare si purpura trombotica trombocitopenica.

In vederea obtinerii scopului propus, urmatoarele obiective au fost stabilite:

- Detalierea contextului de boala si a implicatilor pe care acesta il are asupra statusului

hemostatic si coagulologic al pacientilor;

- Etapizarea procesului de analiza statistica si identificarea in particular a testelor statistice,
care, prin functionalitatea si modul lor de a fi construite, confera rezultate ce contin in mod
implicit valoarea de factor paredictiv;

- Caracterizarea detaliata a cohortelor studiate Tn vederea integrarii tuturor elementelor
acestora in procesul de analiza statistica;

- Stabilirea corelatiei dintre recurenta trombozei si afectarea organelor, momentul
diagnosticului si cu statusul terapeutic, la pacientii cu AL amiloidoza;

- Stratificarea procesului inflamator la pacientii cu AL amiloidoza si determinarea modului in
care acesta poate functioneze ca si factor de predictie pentru decelarea contextului clinic;

- Determinarea modului in care procesul inflamator poate sa influenteze/influenteze
rezultatele de laborator concepute pentru aprecierea statusului hipercoagulant.

- Stratificarea modului in care nivelele serice ale lanturilor usoare k si | pot fi folosite ca si
factori de predictie Tn AL amiloidoza

- Determinarea modul in care rezultatele paraclinice in vederea stabilirii diagnosticului TTP
pot sa fie folositi ca li factori de prognostic in aprecierea diverselor manifestari clinice;

- Determinarea modului in care variabilele de tin de parcursul terapeutic al pacientului pot fi
folositi ca si factor de predictie in aprecierea refractaritatii/exacerbarii.

STUDIUL | — HIPERCOAGULABILITATEA iN AL AMILOIDOZA SI IMPORTANTA VALORII
PREDICTIVE A TEG SI TGT PENTRU RECURENTA TROMBOZEI iN CONTEXT INFLAMATOR

MATERIALE S| METODE

Studiul a fost realizat in cadrul Departamentului de Hematologie al Institutului Clinic Fundeni din
Bucuresti, cu respectarea principiilor etice prevazute de Declaratia de la Helsinki. Protocolul a fost
aprobat de comitetul de etica, iar toti pacientii au oferit consimtdmant informat. Datele au fost
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anonimizate fnainte de analiza. Au fost inclusi consecutiv 61 de pacienti diagnosticati cu amiloidoza
AL, evaluati intre ianuarie 2024 si iunie 2025. Pentru fiecare pacient s-au colectat sistematic date
clinice si de laborator relevante pentru hemostaza, folosind formulare standardizate si dosarele
medicale.

Datele au inclus istoricul trombotic, afectarea de organ (renala, cardiaca, hepatica), starea bolii
si tratamentele administrate, inclusiv terapiile antitrombotice si momentul administrarii acestora fata de
recoltarea probelor. Au fost analizati si parametri inflamatori si de boala, precum proteina C reactiva,
albumina si lanturile usoare libere k/A. Afectarea organelor a fost inregistrata dihotomic, avand in
vedere impactul diferitelor disfunctii asupra coagularii prin mecanisme distincte.

Evaluarea hemostazei a combinat teste plasmatice (APTT, TQ, fibrinogen, D-dimeri, factor X)
cu metode functionale globale. Tromboelastografia (TEG) a oferit informatii despre initierea,
propagarea si stabilitatea cheagului in sange integral, in timp ce testarea generarii de trombina (TGT) a
evaluat potentialul procoagulant la nivel plasmatic. Utilizarea combinatd a TEG si TGT a permis o
caracterizare complexa a statusului coagularii. Au fost inregistrate si variabile legate de tratament,
inclusiv terapiile bazate pe daratumumab si utilizarea anticoagulantelor orale directe, precum si
momentul recoltarii (diagnostic vs. tratament), pentru a facilita interpretarea corecta a rezultatelor.

Analiza statistica a fost realizata utilizand GraphPad Prism. Datele au fost procesate printr-un
flux standardizat. Avand in vedere variabilitatea biologica si dimensiunea relativ redusa a esantionului,
s-au utilizat in principal metode non-parametrice. Variabilele continue au fost descrise prin mediana si
interval intercuartil, iar pentru evidentierea valorilor extreme s-a utilizat percentila 95. Asocierile intre
variabile categoriale au fost evaluate prin testul exact Fisher, cu aproximare Monte Carlo cand a fost
necesar.

Pentru identificarea relatiilor independente intre variabilele de laborator si rezultatele clinice
binare, s-au construit modele de regresie logistica multivariabila, selectand predictorii pe baza
relevantei clinice si biologice. Performanta modelelor a fost evaluatd prin aria de sub curba ROC
(AUC). Toate testele au fost bilaterale, iar pragul de semnificatie statistica a fost stabilit la p < 0,05.

REZULTATE

Pe parcursul cohortei, 20 de participanti (32,8%) au avut tromboza in antecedente, dintre care 6
participanti (9,83%) au prezentat tromboza inainte de confirmarea diagnosticului.

Afectarea organelor a fost confirmatad dupa cum urmeaza: afectare hepatica la 21 de pacienti
(34,4%), afectare renala la 34 de pacienti (55,7%) si afectare cardiaca la 37 de participanti (60,7%)
(categoriile nu se exclud reciproc).

Testele de hemostaza si coagulare au identificat un fenotip hipercoagulabil pentru 31 de
participanti (50,8%), utilizand TEG si pentru 25 de participanti (41,0%) utilizand TGT. in ceea ce
priveste statusul terapeutic la momentul includerii pacientilor in studiu, 43 de participanti (70,5%)
primeau terapie pe bazad de daratu-mumab, 18 participanti (29,5%) au fost inclusi la diagnosticul
initial al bolii, iar 26 de participanti (42,6%) erau sub terapie anticoagulantad utilizand DOAC,
majoritatea Tn scop profilactic pentru fibrilatia atriald (20 de pacienti — 32,78%).

In cadrul populatiei studiate, profilul biochimic se face remarcat printr-o mediana a nivelului de
albumina serica de 3,6 g/dl (IQR 2,8-9,8), alaturi de o distributie spre dreapta asimetrica a lanturilor
usoare libere k (16 mg/l, IQR 8,2-59) si | (23 mg/l IQR 12-48) si de un status inflamator crescut, cu
PCR =8 mg/l (IQR 2,7-24).

in subgrupul care nu fost inregistrat ca primind anticoagulante orale directe, parametrii de
coagulare s-au clasat in general in limitele intervalelor de referinta ale laboratorului, cu o ratie APTT
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de 0,97 (IQR 0,92-1,12), FX 98% (IQR 78-156) si TQ 96% (IQR 84—-109), in timp ce panelul mai larg
de teste de coagulare pe baza de plasma a indicat o crestere reactiva inflamatorie a fibrinogenului
(490 mg/dl, IQR 396-570) si o distributie uniforma a D-dimerilor cu o mediana aflatd sub pragul
maxim admis (224 ng/ml, IQR 132—-457), insa cu o raportare a cresterii semnificativa inspre limitele
superioare (P95 1118 ng/ml).

Testarea TEG utilizdnd sange integral a demonstrat valori consistente cu o cinetica de initiere a
cheagului pastrata (R 5,3 min, K 1,2 min) si o tendinta catre o formare a cheagului mai puternica si mai
rapida Tn partea superioara a graficului, cu un UNGHI de 73°, MA 68 mm si G 10.

Generarea de trombina (TGT) a prezentat, de asemenea, o dispersie larga, cu un LAG median
de 3,7 min, un varf de 175 nM, un timp péana la varf de 6,7 min si o ETP de 1127 nM/min si percentile
maxime 95 (11 min, 470 nM, 12 min si respectiv 2169 nM/min), sustinand o variabilitate interindividuala
substantiala a capacitatii de generare a trombinei in cadrul cohortei.

Pentru a documenta daca recurenta trombozei ar putea fi asociatd cu variabile clinice
determinante, au fost efectuate o serie de teste exacte Fisher, care compara istoricul trombozei cu
afectarea majora a organelor, prezenta tratamentului si momentul diagnosticului.

Nu au fost identificate corelatii statistice semnificative intre tromboza si momentul prezentarii
pacientului la diagnosticul initial (p > 0,05) sau daca acesta urma terapie pe baza de daratumumab la
momentul includerii in studiu (p > 0,05).

In mod similar, recurenta trombotica nu a fost asociata statistic cu afectarea renala (p > 0,05),
afectarea hepatica (p > 0,05) sau afectarea cardiaca (p > 0,05).

Colectiv, aceste analize nu au aratat o relatie notabild intre recurenta trombotica si modelele
documentate de statusul tratamentului, afectarea organelor sau momentul diagnosticului in cohorta
noastra.

Ulterior, au fost efectuate analize multivariabile pentru a evalua predictorii recurentei trombozei
si pentru a explora determinantii hipercoagulabilitatii, asa cum sunt definiti prin teste globale.

Intr-un model de regresie logisticd multipl& care include raportul APTT si activitatea timpului
Quick ca si covariate, timpii de coagulare conventionali nu au prezis semnificativ recurenta trombozei
(p > 0,05). In schimb, un model care incorporeazd parametrii TEG (K, ANGLE si MA) a fost
semnificativ asociat cu recurenta trombozei (model global p = 0,002), indicand faptul ca markerii
vascoelastici din sangele integral ai cineticii cheagului si ai rezistentei cheagului au fost predictivi
ai statusului trombotic Tn aceastd cohorta. In mod similar, capacitatea de generare a trombinei a fost
mult mai puternic legata de recurenta trombozei, utilizdnd un model care include parametrii TGT (Peak
si ETP) care au prezis semnificativ recurenta (p = 0,008)

In concordantd cu aceste rezultate, analizele tabelelor de contingentd au demonstrat corelatii
semnificative intre istoricul trombozei si statusul de hipercoagulabilitate, pus in perspectiva prin testele
noastre vascoelastice si de generare a trombinei.

Testul exact Fisher a aratat ca statusul trombozei a fost asociat cu pozitivitatea
hipercoagulabilitatii definite de TEG (p = 0,0066), dar si mai puternic cu pozitivitatea
hipercoagulabilitatii definite de TGT (p < 0,0001).

In cele din urma, am stabilit daca inflamatia sistemica si markerii nivelului de turnover al fibrinei
au fost corelati cu statusul de hipercoagulabilitate demonstrat de testele noastre globale.

in regresia logisticad multipla, un model de regresie care include CRP, fibrinogen (FG) si D-dimer
a prezis pozitiv statusul TEG-pozitiv (p < 0,0001).

in schimb, modelul analog nu a prezis semnificativ statusul pozitiv al TGT (modelul general
a furnizat un p > 0,05), sugerand ca, in cadrul acestui set de date, parametrii legati de inflamatie
au fost mai strans aliniati cu modelele de hipercoagulabilitate vascoelastica decat cu pozitivitatea
definita prin generarea de trombina plasmatica. Aceste rezultate sunt prezentate in Figura 1



Modelele noastre de analiza multivariata au fost utilizate cu scopul de a evalua daca
biologia inflamatorie si nivelul plasmatic a fibrinei (CRP, D-dimer si fibrinogen) pot sa fie corelate
cu variabile relevante pentru contextul clinic.

Modelul logistic ce foloseste rezultate de laborator multiple a prezis cu precizie daca pacientii
au fost inclusi in studiu la momentul diagnosticului initial (p = 0,0114) si a prezis cu acuratete daca
acestia urmau o schema terapeutica activa pe baza de Daratumumab in punctul de includere in studiu
(p = 0,0414). Cand a fost interogata afectarea de organ, utilizand analogul set de teste de laborator, s-a
stabilit doar o corelatie limitd cu afectarea hepaticd (p = 0,0539), dar in acelasi timp o corelatie
semnificativa cu implicarea cardiaca (p = 0,0131).

Aceste rezultate indica faptul ca profilul inflamator global surprins de CRP, D-dimer si fibrinogen
variaza odata cu progresia bolii si este mai prompt corelat cu implicarea cardiaca decét cu implicarea
hepatica in cohorta noastra.

Modelele noastre de analiza multivariata au fost utilizate cu scopul de a evalua daca biologia
exprimata prin nivelurile serice alte lanturilor usoare k si I, pot sa fie corelate cu caracteristicile
relevante pentru contextul clinic.

Modelul logistic ce foloseste rezultate de laborator multiple nu a reusit sa prezica cu precizie
recurenta trombozei (p > 0.05), afectarea cardiaca (p > 0.05), afectarea hepatica (p > 0.05) sau renala
(p > 0.05).

Acelasi model a reusit totusi sa scoata in evidenta o tendintd spre a prezice pozitivitatea
statusului hipercoagulant pe platforma pe care s-a realizat trombelastografia cu un AUC=0,6269
(p=0,0887), insa aceasta tendinta dispare complet in momentul in care aceeasi parametrii sunt folositi
in aprecierea statusului de hipercoagulabilitate pe platforma specifica timpului de generare de trombina
cu un AUC= 0,5061 (p=0,9357).

Puse in perspectiva, toate aceste rezultate conflueaza inspre testarea ipotezei conform careia
este justificat s& documentam daca nivelele serice ale lanturilor usoare k si | pot sa fie utile a fi folosite
ca si factori de predictie pentru aprecierea statusului inflamator. In cele din urma, rezultatele analizei
multivariate au pus in evidenta o AUC=0,6550 (p=0,0438*).

Parametrii inflamatori folositi Parametrii inflamatori folositi
ca si predictori ai pozitivitatii TEG  ca si predictori ai pozitivitatii TGT
1.0 1.0
0.8 0.8
2 8
£ o £ os
> z
= AUC=0,8839| % AUC=0,5633
0.4 0.0001* c 0.47 >0.05
5 p<0. o p>0.
(2] (72]
0.2+ 0.2
0.0 I I 1 I 1 0.0 T : 1 I 1 I 1
00 02 04 06 08 1.0 00 02 04 06 08 1.0
1 - Specificitate 1 - Specificitate

Figura 1: Parametrii inflamatori (CRP, FG, D-Dimeri) utilizati ca variabile/determinanti pentru a
prezice pozitivitatea TEG (*=semnificativ statistic), stAnga; Parametrii inflamatori (CRP, FG, D-Dimeri)
utilizati ca variabile/determinanti pentru a prezice pozitivitatea TGT, dreapta.

DISCUTII
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Afectarea organelor majore este un element central al cohortei: implicarea cardiaca a fost
prezenta la 60,7% dintre pacienti, cea renala la 55,7%, iar cea hepatica la 34,4%. Aceste manifestari
sunt importante deoarece fiecare organ poate modifica diferit profilul hemostatic. Afectarea hepatica
poate altera sinteza factorilor de coagulare si a anticoagulantilor naturali, afectarea renala poate
favoriza hipercoagulabilitatea prin pierdere urinara de anticoagulanti si modificarea raspunsului la
tratament, iar afectarea cardiaca poate amplifica riscul trombotic prin staza, perfuzie redusa si activare
endoteliala.

Un alt aspect definitoriu este prevalenta ridicata a recurentei trombozei, de 32,8%, mai mare
decat in multe serii publicate anterior. Aceasta sugereaza ca tromboza nu este un eveniment rar in
amiloidoza AL si justifica o fenotipare hipercoagulantd mai aprofundata decat simplul screening
conventional. Diferentele fata de alte studii pot fi explicate prin variatii de design, definitii ale trombozei,
durata de urmarire si profunzimea documentarii clinice.

Pe plan terapeutic, cohorta reflectd practica actuala: majoritatea pacientilor erau tratati cu
daratumumab, aproape o treime se aflau la diagnosticul initial, iar 42,6% primeau anticoagulante orale
directe (DOAC), fie profilactic, fie curativ. Aceste tratamente influenteaza nu doar biologia bolii, ci Si
interpretarea testelor de laborator, mai ales a testelor de screening, care pot fi distorsionate de DOAC.

Un rezultat important al studiului este prevalenta crescutd a hipercoagulabilitatii globale,
detectata la 50,8% dintre pacienti prin tromboelastografie (TEG) si la 41,0% prin testarea generarii de
trombina (TGT). Acest lucru arata ca testele globale surprind mai bine tendinta protrombotica decat
APTT si TQ, care nu au prezis recurenta trombotica. Totodata, TEG si TGT nu sunt interschimbabile,
deoarece exploreaza compartimente biologice diferite.

In ceea ce priveste lanturile usoare serice kappa si lambda, acestea nu au avut valoare
predictiva semnificativa pentru recurenta trombotica sau afectarea de organ. S-a observat doar o
asociere modesta cu statusul inflamator, sugeradnd ca utilitatea lor este mai degraba ca markeri
complementari ai inflamatiei sistemice decét predictori directi ai hipercoagulabilitatii sau ai severitatii
clinice. Studiul subliniaza nevoia unor cohorte mai mari, protocoale standardizate si modele predictive
integrate.

CONCLUZII

Aceasta cohorta prospectiva care abordeaza Amiloidoza cu lant usor surprinde o populatie
complexa in care disfunctia multiorganica (cardiaca, renala si hepatica) si terapia directionata asupra
celulelor plasmatice influenteaza interpretarea si recomandarile exploratorii privind hemostaza si
coagularea.

Deoarece factorii mentionati anterior modificd modul in care interpretdam clasic rezultatele
testelor de laborator, evaluarea riscului de tromboza trebuie individualizat.

Tromboza a fost frecvent documentatd, sustindnd ipoteza unei fenotipari extinse. Testele
functionale globale au aratat hipercoagulabilitate frecventd (TEG si TGT) chiar si atunci cand timpii de
coagulare de screening au fost inregistrati ca fiind in parametri normali.

Raporturile APTT si PT nu au prezis recurenta trombozei, in timp ce modelele care utilizeaza
TEG (K, Angle, MA) si TGT (Peak, ETP) au fost capabile sa o prezica, evidentiind o utilitate clinicd mai
puternica si non-interschimbabilitatea platformelor dintre sangele integral si plasma (testul vascoelastic
versus generarea de trombina).



Turnover-ul inflamatieiffibrinei a prezis pozitivitatea TEG, dar nu si TGT, sugerand o tendinta de
prejudecata catre pozitivitatea rezultatelor vascoelastice intr-un context inflamator.

Clinic, TEG/TGT ar trebui, asadar, vizat in momentul diagnosticului si in timpul tratamentului,
tinand cont de statusul inflamatiei. Cu toate acestea, sunt necesare studii longitudinale mai ample, cu
esantionare standardizata si o screening mai amplu al cohortei prin criterii de excludere care includ
evenimente auxiliare ce pot induce tromboza.

STUDIUL Il — PROGNOSTICUL SI OPTIMIZAREA TERAPIEI iN PURPURA TROMBOTICA
TROMBOCITOPENICA: PERSPECTIVE iN URMA EXPERIENTELOR UTILIZARII
CAPLACIZUMABULUI DIN CADRUL UNUI CENTRU PRIMAR DE HEMATOLOGIE DIN ROMANIA

MATERIALE SI METODE

Studiul a fost realizat in cadrul Centrului de Hematologie si Transplant Medular al Institutului
Clinic Fundeni, cu respectarea principiilor Declaratiei de la Helsinki si aprobarea comitetului de etica.
Toate datele au fost anonimizate, iar consimtamantul informat a fost obtinut de la pacienti la internare.
Au fost inclusi consecutiv 31 de pacienti diagnosticati cu purpura trombocitopenica trombotica (TTP)
intre 2013 si 2024. Diagnosticul de TTP imuna a fost stabilit prin asocierea unui scor PLASMIC 25 cu
un deficit sever de ADAMTS13 (<10%). Determinarea activitati ADAMTS13 s-a realizat initial prin
metode semicantitative, ulterior fiind implementata o metoda automatizata bazata pe tehnologia FRET.

Pacientii au fost impartiti Tn doua grupuri terapeutice: schimb plasmatic (PEX) asociat cu
corticosteroizi sau PEX asociat cu caplacizumab. Datele au fost colectate de la momentul
diagnosticului si pe parcursul urmaririi, incluzédnd variabile demografice, clinice si de laborator.
Parametrii analizati au cuprins hemoleucograma, schistocitele, markerii hemolizei (LDH), functia renala
(creatinina), probele hepatice si activitatea seriala ADAMTS13. Testul Coombs a fost utilizat pentru
diagnosticul diferential al anemiei hemolitice.

Au fost documentate detalii privind intensitatea tratamentului (numarul de sesiuni PEX, durata
spitalizarii, internarea in terapie intensiva) si raspunsul hematologic. Refractaritatea a fost definita prin
persistenta trombocitopeniei si a LDH crescut dupa 5 sesiuni PEX. Timpul de recuperare plachetara a
fost considerat intervalul pana la atingerea valorii de 150 x 109/L.

Activitatea ADAMTS13 a fost evaluata prin metoda FRET, bazata pe transferul de energie intre
fluorofori in functie de distanta moleculara. Aceasta tehnica permite cuantificarea precisa a activitatii
enzimatice prin detectarea modificarilor de fluorescentd generate de clivajul substratului. Comparativ
cu metodele semicantitative, FRET ofera sensibilitate si reproducibilitate superioare, fiind capabila sa
detecteze variatii mici ale activitatii enzimatice, relevante clinic in TTP.

in 2022, laboratorul a implementat o platforma automatizatd FRET, care a redus timpul de
analiza si a imbunatatit standardizarea rezultatelor. Sistemul permite raportarea valorilor pe un interval
larg (0—-160%), facilitand monitorizarea longitudinala. Validarea metodei a fost realizata pe un lot de 20
de pacienti, demonstrand concordantd cu metoda anterioara si capacitatea de a detecta modificari
subtile ale activitatii ADAMTS13.

Desi mai costisitoare, metoda automatizaté oferad avantaje semnificative, inclusiv rapiditate si
precizie crescuta, esentiale in managementul TTP. Totodata, interpretarea rezultatelor necesita atentie
la posibile interferente (hemoliza, hiperbilirubinemie, lipemie, heparina).
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Schimbul plasmatic terapeutic a fost initiat precoce (in primele 4 ore de la suspiciune), utilizand
acces venos central si echipamente de afereza. Volumul plasmatic a fost calculat individual, iar
tratamentul a fost monitorizat prin evaluari clinice si de laborator, urmarind raspunsul hematologic si
siguranta pacientului.

REZULTATE

Cohorta noastra initiala a cuprins 31 de pacienti, dintre care 16 au fost tratati cu o combinatie
de schimb de plasma (PEX) si caplacizumab, in timp ce restul au primit doar PEX si terapie cu
corticosteroizi.

Grupul a prezentat o incidentd predominant feminina de 64% si o varsta mediana de 43 de ani,
aliniindu-se cu tendintele demografice cunoscute pentru TTP autoimuna.

Doar cinci pacienti au avut un scor PLASMIC sub 6. Incidenta generala a infectiei, dificultatilor
de respiratie, manifestarilor neurologice, afectarii gastrointestinale si refractaritatii este detaliata in
Tabelul 5.

Prin evaluarea distributiei pacientilor tratati cu caplacizumab versus PEX, singura diferenta
semnificativa observata a fost in numarul de zile de spitalizare (p = 0,004), cu o medie de 10,4 vs. 20,8
Zile.

Cele doua subgrupuri divizate conform tipului de abordare terapeutica au fost analizate pentru a
determina coeficientul de variatie al variabilelor clinice urmatoare: numarul sedintelor de PEX (VC =
56,5% in cadrul grupului ce a primit caplacizumab si VC = 56,6% in cadrul grupului ce a primit PEX),
zilele de spitalizare (VC = 43,1% in cadrul grupului ce a primit caplacizumab si VC = 63,3% in cadrul
grupului ce a primit PEX), zilele pe care pacientul le-a petrecut in terapie intensiva (VC = 265% in
cadrul grupului ce a primit caplacizumab si VC = 214% in cadrul grupului ce a primit PEX) si numarul
de zile necesare pentru normalizarea nivelului de plachete sanguine (VC = 60,7% in cadrul grupului ce
a primit caplacizumab si VC = 51,8% in cadrul grupului ce a primit PEX).

Pentru a determina Tn continuare efectele celor doua protocoale terapeutice asupra variabilelor
mentionate, s-a efectuat o analiza a coeficientului de variatiei intre grupul ce a primit PEX si cu grupul
care a primit caplacizumab.

Rezultatul obtinut a relevat o diferenta statistic semnificativa intre protocoalele terapeutice in
referitor la numarul de zile totale de spitalizare a pacientului (p < 0,05).

S-a determinat, de asemenea, daca tipul de protocol terapeutic a fost asociat in orice fel cu o
predispozitie la refractaritate, iar analiza utilizand tabele de contingentd a generat o valoare p de 0,008
(Figura 2).
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Figura 2. Rezultate dependente de tratament pentru refractaritate
(*=semnificativ statistic).

Toate aceste rezultate sugereaza ca includerea caplacizumabului la terapia de schimb de
plasma si corticosteroizi poate sa reduca refractaritatea si poate, de asemenea sa imbunatateasca
rezultatele clinice in comparatie cu terapia de schimb de plasma si corticosteroizii (0% refractaritate in
grupul caplacizumab fata de 20,59% in grupul PEX).

Cu toate acestea, nu s-a constatat nicio corelatie semnificativa intre tipuri si severitatea bolii pe
baza parametrilor individuali ai scorului PLASMIC (p < 0,05).

Cu scopul de a incerca sa descoperim valorile predictive a tipurilor noastre de date, acest
segment din lucrare se focuseaza pe utilizarea modelelor multivariabile predictive (ce cuprind/includ
datele paraclinice de la toti cei 31 de pacienti) cu scopul de a determina daca rezultatele clinice, printre
care prezenta infectiei la momentul diagnosticului, simptomele neurologice majore, refractaritatea la
tratament, dificultatile de respiratie, afectarea gastro-intestinala, exacerbarea si diferentele de sex, ar
putea sa fie prezise folosind variabilele de tip continuu obtinute Tn urma efectuarii testelor de laborator
standard.

Eficienta utilizarii acestui tip de model de analiza statistica, a fost documentata prin raportarea
ariei de sub curba ROC (AUC) cu valori p reprezentative.

Acestea au fost dupa cum, urmeaza: pentru infectie, AUC = 0,828 (p = 0,0024), pentru detresa
respiratorie, AUC = 0,899 (p = 0,0006), pentru afectarea de tract gastrointestinal, AUC = 0,800 (p =
0,005), pentru prezenta simptomelor neurologice majore, AUC = 0,880 (p = 0,0004), pentru prezenta
petesiilor, AUC = 0,9133 (p = 0,0019) utilizdnd rezultatele dependente de varstd, hemoglobing,
numarului de trombocite, numarului de leucocite, creatinina, bilirubina totald/directa/indirecta si LDH.
Toate aceste date au fost masurate la momentul diagnosticului. Pentru predictia refractaritatii
/exacerbarii, rezultatele analizei statistice cuprind o AUC = 0,870 (p = 0,0005).

Aceste rezultate indica o capacitate puternica de anticipare a complicatiilor acute, cu valori ale
AUC cuprinse intre 0,800 si 0,899, indicand o putere discriminativa ridicata.

De asemenea, evidentiaza profilul biologic complex al purpurei trombotice trombocitopenice, in
care numarul scazut de trombocite, disfunctia endoteliald, stresul oxidativ si permeabilitatea tisulara
crescuta contribuie la dezvoltarea complicatiilor multiorganice.



11

Dintr-o alta perspectiva a utilizarii acestui tip de model de analiza statistica, acesta nu a fost
capabil sa ofere un factor de predictie util pentru urmatoarele caracteristici clinice: pentru predictia
afectarii pulmonare generale, AUC = 0,8214 (p < 0,05) si pentru predictia recurentei decesului in cadrul
populatiei studiate, AUC = 0,8448 (p < 0,05), utilizédnd rezultatele dependente de varsta, hemoglobina,
numarului de trombocite, numarului de leucocite, creatinina, bilirubina totald/directd/indirecta si LDH.

Am aplicat aceleasi modele predictive pentru rezultatele post-tratament (exacerbare sau
exacerbare a bolii), considerand tratamentul doar cu PEX si terapie cu corticosteroizi ca indicator al
unui prognostic nefavorabil.

Variabilele predictoare au inclus numarul de sesiuni PEX, numarul de zile de spitalizare,
numarul de zile n terapie intensiva si zilele necesare pentru recuperarea numarului de trombocite.
Modelul a obtinut o AUC=0,72 (p=0,03).

Aceste constatari evidentiaza profilul biologic complex si multifatetat al purpurei
trombocitopenice trombotice (TTP), in care numarul scazut de trombocite, disfunctia endoteliala,
stresul oxidativ si permeabilitatea tisulara crescuta contribuie la dezvoltarea complicatiilor
multiorganice.

DISCUTII

Desi cohorta analizata a fost redusa numeric, aceasta a reflectat fidel tabloul clinic si biologic
tipic al purpurei trombocitopenice trombotice dobandite, o microangiopatie trombotica severa,
amenintatoare de viata, caracterizatd prin trombocitopenie marcatd, anemie hemolitica
microangiopatica si afectare ischemica de organ. Studiul nu s-a limitat la descrierea manifestarilor
initiale, ci a urmarit in mod special evolutia dupa tratament, cu accent pe refractaritatea terapeutica,
definita prin absenta unui raspuns adecvat la terapia de prima linie.

Un rezultat important al analizei a fost dezvoltarea unui model predictiv bazat pe parametri
biologici uzuali, disponibili rapid in practica de rutind. Varsta, hemoglobina, numarul de leucocite,
trombocitele la diagnostic, creatinina, bilirubina si LDH s-au dovedit utile in identificarea pacientilor cu
risc crescut de evolutie nefavorabild, activitate persistentd a bolii sau aparitia complicatiilor, in ciuda
tratamentului standard. Aceasta observatie sustine ideea ca stratificarea precoce a riscului poate ghida
decizii terapeutice mai rapide si mai adecvate, mai ales la pacientii cu risc mare de tromboza
microvasculara si ischemie de organ.

In acest context, administrarea timpurie a caplacizumabului pare deosebit de valoroasa, in
special la pacientii cu trombocitopenie severa, LDH foarte crescut, afectare neurologica importanta sau
insuficienta renala la prezentare. Datele noastre sugereaza ca introducerea precoce a acestei terapii
poate reduce complicatile si mortalitatea si poate limita riscul de refractaritate. Totodata, studiul a
analizat si factori de prognostic asociati practicii terapeutice, precum numarul de sedinte de schimb
plasmatic, care pot functiona ca markeri indirecti ai severitatii bolii si ai intensitatii tratamentului.

Pe de alta parte, evolutia pacientilor nu poate fi explicatd doar prin datele initiale. Am observat
ca parcursul ulterior este influentat si de factori dinamici, precum eliminarea inhibitorilor ADAMTS13,
raspunsul la glucocorticoizi si statusul imunologic general. Aceasta subliniaza importanta unei
reevaluari longitudinale continue, bazate pe monitorizarea succesiva a trombocitelor, markerilor de
hemoliza, functiei renale si a semnelor de afectare neurologica sau cardiaca, in locul unei conduite
terapeutice rigide.

Prin compararea celor doua grupuri terapeutice, pacienti tratati doar cu PEX si pacienti tratati cu
PEX plus caplacizumab, s-au observat diferente relevante nu doar la nivelul valorilor medii, ci si al
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variabilitatii raspunsului clinic. Grupul tratat cu caplacizumab a prezentat o dispersie mai redusa pentru
mai multe rezultate clinice, sugerand o evolutie nu doar mai buna, ci si mai previzibila. Numarul de
sesiuni PEX a ramas similar si foarte variabil in ambele grupuri, probabil din cauza deciziilor
individualizate de oprire a procedurii, bazate pe raspunsul plachetar, markerii hemolizei si aprecierea
clinicianului. In schimb, durata spitalizarii a fost mai omogena si mai scurta la pacientii care au primit
caplacizumab, ceea ce sugereaza o stabilizare clinica mai rapida.

Zilele de terapie intensiva au prezentat o variabilitate foarte mare in ambele grupuri, explicabila
prin heterogenitatea severitatii bolii: unii pacienti s-au stabilizat rapid, in timp ce altii au necesitat
ingrijiri prelungite din cauza complicatiilor neurologice, cardiace, renale sau hematologice. Timpul pana
la recuperarea trombocitelor a variat de asemenea intre pacienti, chiar si in grupul cu caplacizumab,
probabil pentru ca acest medicament opreste rapid consumul plachetar, dar nu influenteaza direct
productia de autoanticorpi. Astfel, dinamica recuperarii depinde in continuare de viteza de eliminare a
inhibitorilor si de raspunsul la imunosupresie.

Din punct de vedere fiziopatologic, rezultatele sustin mecanismul central al bolii: deficitul sever
de ADAMTS13 permite persistenta in circulatie a multimerilor ultra-mari de factor von Willebrand, care
favorizeaza agregarea plachetara si formarea de trombi microvasculari. Acest proces determina
trombocitopenie de consum, hemoliza si ischemie tisulard. Caplacizumab actioneaza rapid prin
blocarea interactiunii dintre factorul von Willebrand si trombocite, intrerupand formarea trombilor
microvasculari. Aceasta explica de ce tratamentul a fost asociat cu normalizarea mai rapida a
trombocitelor si reducerea duratei de spitalizare, chiar daca numarul de sesiuni PEX nu s-a redus in
mod spectaculos. PEX raméne esential pentru eliminarea inhibitorilor circulanti si pentru
reaprovizionarea cu ADAMTS13, iar caplacizumab functioneazd mai degraba ca o punte terapeutica
pana cand efectele imunosupresiei devin eficiente.

Studiul nostru are valoare practica mai ales prin faptul ca reflectd experienta reala a unui centru
de referinta, intr-un context unde accesul imediat la testarea ADAMTS13 nu este intotdeauna posibil.
in astfel de situatii, utilizarea unor algoritmi bazati pe markeri de rutind poate sustine triajul, deciziile
terapeutice precoce si identificarea pacientilor cu risc mare de refractaritate sau complicatii. Aceasta
abordare este relevantd in special pentru unitatile de urgenta si terapie intensiva, unde timpul este
critic si tratamentul trebuie adesea inceput inainte de confirmarea definitiva a diagnosticului.

O contributie importantd a studiului a fost si tranzitia de la testarea semicantitativa a
ADAMTS13 la o metoda cantitativa, complet automatizata. Aceasta schimbare a redus timpul de
obtinere a rezultatelor, a crescut sensibilitatea diagnosticului si a imbunatatit monitorizarea riscului de
recadere dupa remisie. Integrarea unui astfel de progres tehnologic intr-un flux clinic coerent poate
influenta semnificativ prognosticul, permitdnd confirmarea mai rapida a cazurilor atipice, ajustarea
duratei terapiei cu caplacizumab si supravegherea mai precisa a pacientilor cu risc persistent.

Totusi, rezultatele trebuie interpretate in contextul limitarilor studiului: design retrospectiv,
monocentric, numar redus de pacienti, lipsa randomizarii si posibilitatea factorilor de confuzie legati de
indicatia terapeutica sau de accesul variabil la medicatie. Dimensiunea mica a esantionului poate limita
puterea statistica si stabilitatea modelelor predictive. in plus, schimbarea metodei de testare
ADAMTS13 pe parcursul perioadei de studiu poate introduce o anumita variabilitate. Chiar si asa,
datele ofera dovezi exploratorii importante si sustin utilitatea clinicad a caplacizumabului, precum si
valoarea unui algoritm pragmatic de predictie bazat pe biomarkeri de rutina. Pana la validarea in
cohorte mai mari si multicentrice, aceste concluzii trebuie privite ca ghidaj clinic util, nu ca standard
definitiv.
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CONCLUZII

Constatarile noastre indica fezabilitatea prezicerii complicatilor acute si a refractaritatii
terapeutice in cazul unui TTP utilizdnd parametri de laborator disponibili in mod obisnuit, cum ar fi
hemoglobina, numarul de trombocite si LDH. Introducerea caplacizumab a redus semnificativ sesiunile
de PEX, timpul de spitalizare, sederile la ATI si timpul de recuperare a trombocitelor, imbunatatind atat
predictibilitatea terapeutica, cat si rezultatele generale ale pacientilor.

Desi testele de laborator de rutind au fost moderat predictive pentru recidiva post-tratament, o
valoare prognosticd mai fiabila consta in testarea seriald a activitati ADAMTS13 si a inhibitorilor,
precum si in variabilele de raspuns specifice tratamentului.

Sunt necesare cercetari suplimentare pentru a valida constatarile noastre in studii prospective
mai ample, multicentrice. Directiile viitoare includ integrarea algoritmilor de invatare automata si a
analizei cost-eficacitate pentru a rafina strategile de tratament si a imbunatati gestionarea
personalizata a TTP, in special in contexte cu resurse limitate.

STUDIUL lll - ROLUL NEUTROPHIL EXTRACELLULAR TRAPS iN CONTEXT NEOPLAZIC
MATERIALE SI METODE

Procedura de documentare folosita a avut scopul de a sintetiza dovezile actuale privind
interactiunea dintre inflamatie, NETs si tromboz&, ca un cadru imunologic unificat. In acest sens, o
cautare bibliografica cuprinzatoare a fost efectuatd in PubMed/MEDLINE, Scopus, Web of Science si
Google Scholar, utilizdnd cuvinte cheie predefinite legate de inflamatie, NET, imunotromboza si
coagulare.

Au fost astfel identificare un total de 1752 de articole stiintifice dintre care 80 au fost selectate
pentru analiza suplimentara. Studiile experimentale, observationale si translationale care examineaza
legaturile mecanistice dintre caile inflamatorii, formarea NET si evenimentele trombotice au fost eligibile
pentru revizuire. Dup& un proces de screening in doi pasi (titlu/abstract si revizuire integrald), datele
relevante au fost extrase si analizate narativ datorita eterogenitatii metodologice.

NETs S| ROLUL LOR IN CONTEXT NEOPLAZIC

Micromediul tumoral reprezinta ansamblul elementelor celulare si non-celulare care
interactioneaza cu tumora si ii influenteazd comportamentul biologic. Acest ecosistem este format din
celule tumorale, celule imune, proteine ale matricei extracelulare, factori de crestere, vase de sange
nou formate si fibroblaste. Nu este un spatiu pasiv, ci o structura dinamica, capabild sa sustina sau, in
anumite contexte, sa limiteze dezvoltarea tumorala. Heterogenitatea sa este esentiala: diferitele regiuni
ale aceleiasi tumori pot avea compozitii celulare distincte, cu efecte pro- sau antitumorale. in
ansamblu, stroma si infiltratul imun contribuie la proliferarea, invazia, metastazarea si raspunsul la
tratament al tumorii.

Matricea extracelulara influenteaz& progresia tumorala prin proteine precum fibronectina si
colagenul, care moduleazé caile de semnalizare implicate in adeziune, migrare si proliferare. in paralel,
infiltratul imun genereaza un mediu inflamator cronic, care poate stimula cresterea tumorala. Celulele
canceroase profitd de acest context prin secretia unor factori capabili sa inhibe functiile imune
esentiale, inclusiv activarea limfocitelor T si activitatea citotoxica a celulelor NK. n special in stadiile
timpurii, tumora recruteaza celule supresoare de origine mieloida sau reglatoare, crednd un cadru
favorabil evadarii imune.
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In acest peisaj, NETs au devenit o componenta importantd a micromediului tumoral. Formarea
lor poate fi indusa direct de tumora, prin eliberarea unor citokine si factori de crestere, sau indirect, prin
starea proinflamatorie generald si procesele de moarte celulara asociate tumorigenezei. Molecule
precum interleukinele, TNF-alfa, interferonii, fragmentele complementului si chemokinele activeaza
neutrofilele si favorizeaza NEToza. Odata formate, NETs nu doar perpetueaza inflamatia, ci pot si sa
inhibe raspunsul imun antitumoral prin epuizarea limfocitelor T si reducerea activitatii celulelor NK.

Un aspect major este contributia NETs la rezistenta la tratament. Tn cazul chimioterapiei, datele
disponibile arata ca nivelurile crescute de NETs se asociaza cu eficacitate redusa. S-a demonstrat ca
aceste structuri pot proteja celulele tumorale prin mecanisme indirecte, inclusiv prin actiunea unor
factori solubili produsi de celule mieloide supresoare si neutrofile. In mielomul multiplu, de exemplu,
neutrofilele si celulele mieloide din maduva osoasa au redus efectul citotoxic al unor agenti
chimioterapici. NETs par sa functioneze ca o barierd protectoare si chiar s& modifice disponibilitatea
unor medicamente la nivelul celulei tumorale. Important este ca dizolvarea acestor retele cu
dezoxiribonucleaza poate restabili sensibilitatea la tratament, sugerand o posibila directie terapeutica.

NETs sunt implicate si in rezistenta la imunoterapie. Terapiile moderne de blocare a punctelor
de control imun depind de capacitatea limfocitelor T de a recunoaste si distruge celulele maligne.
Totusi, un numar crescut de neutrofile si o activitate intensa a NETozei se coreleaza cu raspunsuri mai
slabe. In special, semnalizarea prin IL-17 favorizeaza recrutarea neutrofilelor, cresterea expresiei PD-1
si PD-L1 si excluderea functionala a limfocitelor T CD8 din spatiul tumoral. NETs pot actiona inclusiv ca
o bariera fizica intre celulele imune efectoare si celulele tumorale, reducand contactul direct necesar
pentru citotoxicitate. Blocarea IL-17, a neutrofilelor sau a NETozei, in asociere cu inhibarea PD-1, pare
sa imbunatateasca raspunsul antitumoral.

Radioterapia este influentata de un mecanism similar. Desi iradierea produce initial un raspuns
inflamator util, recrutarea neutrofilelor in tesutul iradiat poate favoriza NEToza. NETs pot acoperi
suprafata celulelor tumorale si pot limita eficienta radiatiilor, actionand ca o bariera mecanica si
modificand infiltrarea limfocitelor T CD8 in tumord. Prezenta crescutda a NETs si predominanta
neutrofilelor intratumorale se asociaza cu raspuns slab la radioterapie si supravietuire redusa. Din nou,
degradarea NETs prin dezoxiribonucleaza a dus la ameliorarea raspunsului terapeutic, intarind ideea
ca aceste structuri contribuie activ la radiorezistenta.

Dincolo de rolul lor in rezistenta la tratament, NETs reprezintd o veriga centrala intre inflamatie
si tromboza. Ele sunt compuse din cromatind decondensata, histone si proteine granulare eliberate de
neutrofilele activate si constituie fundamentul conceptului de imunotromboza. Inflamatia stimuleaza
formarea NETS, iar acestea, la randul lor, amplifica inflamatia si creeaza un mediu protrombotic. ADN-
ul extracelular si histonele favorizeaza activarea factorilor de coagulare, generarea de trombina,
agregarea plachetara si lezarea endoteliului. In plus, NETSs interactioneaza cu factorul tisular si factorul
von Willebrand, consolidand legatura dintre raspunsul inflamator si coagulare.

CONCLUZII

In concluzie, aceastd analizd evidentiazd rolul crucial al NETs ca o legaturd cheie intre
inflamatie, biologia tumorii si tromboza in cadrul unui sistem imunitar unificat.

Dovezile sintetizate indica faptul ca formarea NETs nu este doar un mecanism de aparare, ci Si
un factor cheie care contribuie la progresia tumorii, evaziunea imuna si rezistenta la terapiile
anticancerigene conventionale, inclusiv chimioterapia, imunoterapia si radioterapia.
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In micromediul tumoral, NETs promoveazd o stare proinflamatorie persistents, faciliteaza
imunosupresia si interfereaza cu un raspuns antitumoral eficient prin limitarea activitatii citotoxice a
celulelor imune.

in plus, interactiunea lor cu trombocitele, celulele endoteliale si factorii de coagulare sustine
implicarea lor in formarea si stabilizarea trombusului, intarind conceptul de imunotromboza.

Relatia bidirectionala dintre inflamatie si NET creeaza un ciclu de proliferare auto-perpetuat
care exacerbeaza atat progresia tumorii, cat si riscul de tromboza.

CONCLUZII SI CONTRIBUTII PERSONALE

Aceasta cercetare doctorala analizeaza utilitatea clinica a unor metode non-clasice de evaluare
a hipercoagulabilitatii si valoarea lor prognostica in hematologie, concentrandu-se pe doua afectiuni
complexe: amiloidoza AL si purpura trombocitopenica trombotica. |deea centrala a tezei este ca testele
conventionale de coagulare, precum timpul de protrombina si timpul de tromboplastina partial activata,
descriu doar partial echilibrul hemostatic si nu reusesc sa surprinda riscul real de tromboza sau
sangerare la acesti pacienti. Prin urmare, este necesara o evaluare mai integrata si mai dinamica a
coagularii.

Rezultatele arata ca testele functionale globale, in special generarea de trombina si metodele
vascoelastice, ofera informatii clinice esentiale care nu pot fi obtinute prin testele de rutina. Aceste
metode evalueaza formarea cheagului, productia de trombina si stabilitatea acestuia, oferind o imagine
mai realista a raportului dintre mecanismele procoagulante si anticoagulante. In bolile sistemice, cum
este amiloidoza AL, unde mai multe mecanisme patogenice actioneaza simultan, aceste teste
evidentiaza dezechilibre hemostatice care altfel ar raméane nedetectate.

In amiloidoza AL, cercetarea a evidentiat un profil hemostatic paradoxal, in care coexista riscul
hemoragic si predispozitia trombotica. Acest dezechilibru este determinat de disfunctia endoteliala,
afectarea de organ, lanturile usoare circulante si influenta tratamentului. in plus, pot aparea deficite
dobéandite ale unor factori de coagulare, in special factorul X, ceea ce creste riscul de sangerare. n
paralel, sindromul nefrotic, afectarea cardiaca, inflamatia si imobilizarea favorizeaza
hipercoagulabilitatea. Astfel, starea hemostatica a pacientului cu amiloidoza AL nu poate fi interpretata

corect prin parametri izolati, ci necesita integrarea datelor biologice si clinice.

Teza subliniazd si rolul major al inflamatiei sistemice in modificarea coagularii. Inflamatia
influenteaza endoteliul, functia plachetara si mecanismele anticoagulante naturale, favorizadnd un
mediu protrombotic si o fibrinoliza redusa. In consecinta, markerii inflamatori trebuie luati in considerare
la interpretarea testelor functionale si la estimarea riscului trombotic.

in purpura trombocitopenica trombotica, studiul evidentiaza importanta diagnosticului rapid si a
initierii precoce a terapiei. Deoarece rezultatul activitati ADAMTS13 nu este intotdeauna disponibil
imediat, au fost propuse modele predictive bazate pe parametri accesibili, precum trombocitele,
hemoglobina, LDH si creatinina. Acesti markeri pot ajuta la identificarea timpurie a pacientilor cu risc
crescut si la alegerea unei conduite terapeutice mai rapide si mai adecvate. In acest context, utilizarea
caplacizumabului s-a asociat cu recuperare hematologica mai rapida si reducerea necesarului de
schimb plasmatic prelungit.

Per ansamblu, teza demonstreaza ca integrarea datelor clinice, a testelor functionale de
coagulare si a modelelor statistice poate transforma medicina de laborator dintr-un instrument strict
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diagnostic intr-un sprijin real pentru prognostic si decizie terapeutica. Concluzia generala este ca
evaluarea hemostatica integrata este esentiala in bolile hematologice complexe si sustine medicina de
precizie printr-o stratificare mai buna a riscului si tratamente mai individualizate.



