Gastroenterologia y Hepatologia 47 (2024) 236-245

Gastroenterologia y Hepatologia

www.elsevier.es/gastroenterologia

ORIGINAL ARTICLE

Chronic liver disease-associated severe
thrombocytopenia in Spain: Results from a
retrospective study using machine learning and natural
language processing

Check for
updates

Jose Luis Calleja-Panero®*, Rafael Esteban Mur®, Isidro Jarque®,
Manuel Romero-Gémez¢, Savana Research Group®, Lucia Garcia Labrador”,
Jose Gonzalez Calvo'

a Department of Hepatology, Hospital Universitario Puerta de Hierro Majadahonda, Madrid, Spain
b Department of Hepatology, Hospital Universitario Vall d’Hebron, Barcelona, Spain

¢ Department of Hematology, Hospital Universitari i Politécnic La Fe, Valencia, Spain

d Department of Hepatology, Hospital Universitario Virgen del Rocio, Sevilla, Spain

€ Medsavana and Savana Research S.L., Madrid, Spain

f Shionogi S.L.U., Madrid, Spain

Received 9 March 2023; accepted 19 May 2023
Available online 24 May 2023

KEYWORDS Abstract

Natural language Background: Patients with chronic liver disease (CLD) often develop thrombocytopenia (TCP) as
processing; a complication. Severe TCP (platelet count <50 x 10°/L) can increase morbidity and complicate
Machine learning; CLD management, increasing bleeding risk during invasive procedures.
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from January 2014 to December 2018. We analyzed the free-text information from Electronic
Health Records (EHRs) of patients using Natural Language Processing (NLP), machine learning
techniques, and SNOMED-CT terminology. Demographics, comorbidities, analytical parameters
and characteristics of CLD were extracted at baseline and need for invasive procedures, pro-
phylactic treatments, bleeding events and medical resources used in the follow up period.
Frequency tables were generated for categorical variables, whereas continuous variables were
described in summary tables as mean (SD) and median (Q1-Q3).
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Results: Out of 1,765,675 patients, 1787 had CLD and severe TCP; 65.2% were male with a mean
age of 54.7 years old. Cirrhosis was detected in 46% (n=2820) of patients and 9.1% (n=163) had
hepatocellular carcinoma. Invasive procedures were needed in 85.6% of patients during the
follow up period. Patients undergoing procedures compared to those patients without invasive
procedures presented higher rates of bleeding events (33% vs 8%, p <0.0001) and higher number
of bleedings. While prophylactic platelet transfusions were given to 25.6% of patients under-
going procedures, TPO receptor agonist use was only detected in 3.1% of them. Most patients
(60.9%) required at least one hospital admission during the follow up and 14.4% of admissions
were due to bleeding events with a hospital length of stay of 6 (3, 9) days.

Conclusions: NLP and machine learning are useful tools to describe real-world data in patients
with CLD and severe TCP in Spain. Bleeding events are frequent in those patients who need
invasive procedures, even receiving platelet transfusions as a prophylactic treatment, increas-
ing the further use of medical resources. Because that, new prophylactic treatments that are
not yet generalized, are needed.

© 2023 The Authors. Published by Elsevier Espana, S.L.U. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Trombocitopenia grave asociada a enfermedad hepatica cronica en Espafia:
Resultados de un estudio retrospectivo utilizando aprendizaje automatico y
procesamiento de lenguaje natural

Resumen

Antecedentes: Los pacientes con enfermedad hepatica crénica (EHC) a menudo desarrollan
trombocitopenia (TCP) como agravante de su enfermedad. La TCP grave (definida por un
recuento de plaquetas < 50 x 10°/L) puede aumentar la morbilidad y complicar el manejo
de la EPC, incrementando el riesgo de hemorragia durante los procedimientos invasivos.
Objetivos: Describir el escenario de mundo real de las caracteristicas clinicas de los pacientes
con TCP grave asociado a EHC. Evaluar la asociacion entre procedimientos invasivos, tratamien-
tos profilacticos y eventos hemorragicos en este grupo de pacientes, asi como describir el uso
de recursos médicos en Espana.

Métodos: Se plantea un estudio multicéntrico retrospectivo que incluye pacientes con diagnos-
tico confirmado de EHC y TCP grave en cuatro hospitales de la Red Nacional de Salud de Espafa
desde enero de 2014 hasta diciembre de 2018. Analizamos la informacion de texto libre de la
Historia Clinica Electrénica (HCE) de pacientes que utilizan procesamiento de lenguaje natural
(PLN), técnicas de aprendizaje automatico y terminologia de SNOMED-CT. Los datos demografi-
cos, las comorbilidades, los parametros analiticos y las caracteristicas de la EHC se extrajeron
al inicio del estudio, asi como la necesidad de procedimientos invasivos, tratamientos pro-
filacticos, eventos hemorragicos y recursos médicos utilizados en el periodo de seguimiento.
Se generaron tablas de frecuencia para las variables categoricas, mientras que las variables
continuas se describieron en tablas resumen como media (SD) y mediana (Q1-Q3).

Resultados: De 1.765.675 pacientes identificados, 1.787 tenian EHC y TCP grave, siendo el 65,2%
varones con una edad media de 54,7 anos. Se detectd cirrosis en el 46% (n = 820) de los pacientes
y el 9,1% (n = 163) de ellos presentaron un diagnostico de carcinoma hepatocelular. Se necesi-
taron procedimientos invasivos en el 85,6% de los pacientes durante el periodo de seguimiento,
presentando una mayor tasa de eventos hemorragicos (33 vs. 8%, p < 0,0001) y mayor nimero
de sangrados. El 25,6% de los pacientes sometidos a procedimientos invasivos recibieron trans-
fusiones profilacticas de plaquetas, si bien el uso de agonistas del receptor de trombopoyetina
(TPO) solo se detectd en el 3,1% de los casos. La mayoria de los pacientes (60,9%) requirieron
al menos un ingreso hospitalario durante el periodo de seguimiento, debiéndose el 14,4% de
ellos a eventos hemorragicos con una estancia hospitalaria de 6 (3, 9) dias.

Conclusiones: EL PNL y el aprendizaje automatico son herramientas Gtiles para describir datos
del mundo real en pacientes con EHC y TCP grave en Espana. Los eventos hemorragicos son
frecuentes en aquellos pacientes que se someten a procedimientos invasivos, incluso recibiendo
transfusiones de plaquetas como tratamiento profilactico, lo que supone un incremento del uso
de recursos médicos. Estos datos apuntan hacia la necesidad actual existente de generalizacion
de nuevos tratamientos profilacticos.

© 2023 Los Autores. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo
la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Thrombocytopenia (TCP) is a common complication in
patients with chronic liver disease (CLD). Its prevalence
in CLD has been reported to be up to 78% of patients
with cirrhosis, varying according to various factors, such
as the criteria used to define this hematologic abnormality
and the severity of the underlying liver disease.”? Multi-
ple factors can contribute to the development of TCP in
this group of patients, including splenic platelet sequestra-
tion, bone marrow suppression by chronic hepatitis C virus
(HCV) infection, and antiviral treatments.> While the clini-
cal impact of mild and moderate TCP is minimal and usually
does not interfere with treatment or management decisions,
severe TCP (defined as a platelet count<50x 10°/L) can
be associated with significant morbidity. Severe TCP fre-
quently complicates the medical management of patients
with advanced liver disease and other disorders such as
cancer, immune thrombocytopenic purpura (ITP), or HCV
infection.*”’

Severe TCP can significantly increase the risk of bleeding,
especially during surgery or other invasive procedures.®’®
As such, CLD patients often require numerous medical pro-
cedures during diagnosis and therapy, and the presence
of severe TCP can significantly complicate routine patient
care, resulting in delayed or canceled procedures.'® Platelet
transfusion has generally been considered the gold stan-
dard for treatment of severe TCP prior to an invasive
surgery, as it can correct low platelet counts and reduce
the risk of bleeding." Despite its widespread use, this
approach has several limitations, such as its short-lived effi-
cacy, risk of transfusion-related reactions, ineffectiveness in
patients with liver disease, and development of antiplatelet
antibodies (alloimmunization).'>'* Therefore, alternative
therapeutic options have been sought to safely and effec-
tively raise platelet counts and to reduce the incidence of
bleeding events in this group of patients.’® Currently, in clin-
ical practice, thrombopoietin receptor agonists (TPO-RA)
are being used, e.g., romiplostim and eltrombopag, since
there is mounting evidence that impaired hepatic produc-
tion of TPO may be a major cause of TCP in liver disease. "
In this regard, thrombocytopenic patients with advanced
liver disease, in fact, have inappropriately low levels of
TPO.1’20’21

To the best of our knowledge, the current clinical sce-
nario for patients with CLD-associated severe TCP has not
been described in Spain in a real-world setting. Because
that, our main objectives were: (1) to describe the real-
world scenario of CLD-associated severe TCP patients’
clinical characteristics, (2) to evaluate the association
between invasive procedures, prophylactic treatments and
bleeding events in this group of patients and (3) to describe
their need of medical resource use in Spain. We hence
carried out this study using Natural Language Processing
(NLP) and machine learning (ML) techniques to analyze
the information included in Electronic Health Records
(EHRs) of patients with severe TCP associated to CLD in
Spain.

Methods
Study design

This was a retrospective, multicenter, non-interventional
study using secondary free-text data from patients’ EHRs
of four hospitals representing different areas of the Span-
ish National Healthcare Network: Hospital Universitario
Rio Hortega (Valladolid), Hospital Universitario Puerta
de Hierro-Majadahonda (Madrid), Hospital Universitario y
Politécnico La Fe (Valencia), and Hospital Universitario Vall
d’Hebron (Barcelona). Data from all available departments,
including inpatient hospital, outpatient hospital, and emer-
gency room, for virtually all types of provided services in
each participating hospital were retrieved from January 1st,
2014 to December 31st, 2018.

Patient population and variable definitions

All patients who had a confirmed diagnosis of CLD were
included when severe TCP was associated (index date).
Patients were analyzed at baseline (3-month period before
index date) and during a follow up (period including the
index date until the end of the study period or last EHR
available).

Severe TCP was defined by laboratory values of platelet
levels <50 x 10°/L. Variables related with clinical charac-
teristics at baseline including demographics, toxic habits,
comorbidities, and analytic values as well as CLD char-
acteristics (time from CLD to severe TCP, etiology, and
complications) were extracted. During the follow up period
following variables were also extracted: need for invasive
procedures and type, bleeding events, prophylactic treat-
ments, and medical resources used (number of visits and
length of hospital stay or LOS when admission occurred).
Invasive procedures ordered from highest to lowest risk
of bleeding, included surgical interventions, TIPS, endo-
scopic procedures, biopsies, paracentesis, thoracocentesis,
and other procedures (including percutaneous, endovascular
or endoluminal procedures). They were stratified into major
(when performed under general or regional anesthesia and
respiratory assistance) or minor (those that did not require
postoperative resuscitation, were performed on an outpa-
tient basis with local or troncular anesthesia, on superficial
tissues, and/or easily accessible structures under regional
anesthesia) and urgent (when included in the emergency
department medical records) or non-urgent (when included
in any other medical record). Prophylactic treatment was
considered when administered prior to invasive procedures.
In the case of TPO-RA drugs, only those initiated during
previous 15 days and lasted days or weeks (not months, to
exclude chronic treatments) were considered.

Most of the variables were included by direct detec-
tion but some of them were inferred from other variables,
additionally to their direct detection. In this regard,
‘‘Platelet transfusion’’ was inferred by combining detec-
tion of ‘‘transfusion’’ and low platelet levels at the same
timepoint.
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Extracting free text from EHRs: EHRead®

An innovating data-driven system based on Natural Lan-
guage Processing (NLP), machine learning, and deep learning
(EHRead® technology) was used to conduct the study.?2-28
Natural language was extracted from EHRs and captured
as free text (unstructured information). The free text was
translated into medical concepts and related terms, e.g.,
laboratory parameters and acronyms, based on SNOMED-CT:
a comprehensive, scientifically validated terminology. Regu-
lar expression rules and machine learning models were used
to classify the concepts, and deep learning classification was
used to reflect negation, affirmation, or speculation.

External validation

To evaluate the ability of EHRead® technology to correctly
identify records mentioning CLD and related variables,
an external validation was performed, as previously
described.?>?° Expert physicians generated an annotated
corpus by marking a set of EHRs with metadata tags related
to CLD and related variables which was used as a gold
standard. By comparing EHRead®’s output with this corpus,
performance was calculated and reflected in the following
metrics: accuracy (P), recall (R), and their harmonic mean
(F1-score).

Data analyses

Frequency tables were generated for categorical variables,
whereas continuous variables were described by means of
summary tables that included the mean, standard deviation
(SD), median, and quartiles (Q1-Q3) of each variable. To
test for possible statistically significant differences in the
distribution of categorical variables between study groups
(i.e., presence or absence of invasive procedures), we used
Yates-corrected chi? tests.

Ethical considerations

This study was classified as a ‘‘post-authorization study
with other designs; not for prospective follow up’’ (EPA-
0OD) by the Spanish Agency of Medicines and Health Products
(AEMPS) and was approved by the Research Ethics Commit-
tee at Hospital Universitario Puerta de Hierro-Majadahonda
(Spain). All methods and analysis were conducted in compli-
ance with local legal and regulatory requirements, as
well as generally accepted research practices described
in the Helsinki Declaration in its latest edition, and Good
Pharmacoepidemiology Practices. Data were analyzed from
de-identified EHRs, which were aggregated in an irreversibly
dissociated manner. Thus, individual patient consent was not
required in the study.

Results

We used NLP and ML to analyze EHRs from a total of
1,765,675 patients. We finally detected and included in the
study 1787 patients with CLD who had also severe TCP.

Baseline characteristics

Baseline characteristics of included patients are shown in
Table 1. Briefly, 65.2% of CLD patients with severe TCP
were male (n=1165) with a mean age at index date of
54.7 (21.6) years. Within this group, 44.4% (n=793) were
regular alcohol users and 30.2% (n = 540) were smokers. Com-
mon comorbidities included arterial hypertension (28.6%;
n=>511), dyslipidemia (21.5%; n=385), and diabetes (21.4%;
n=383). Regarding laboratory values, the mean platelet
count (n=614) was 28.4x 10°/L (16.5), and the mean
hemoglobin value (n=1263) was 10.3 (2.4) g/dL.

Patient characteristics related to CLD at baseline are
shown in Table 2. Severe TCP appeared after a median of
0.6 (1.6) years from the CLD confirmed diagnosis. CLD etiol-
ogy was detected in 24.8% of included patients being chronic
viral hepatitis B, C, D, or E the most reported cause (54.1%;
n=240), followed by hemochromatosis (13.9; n=62), non-
alcoholic steatohepatitis (9.7%; n=43) and alcoholic liver
disease (7.7%; n=34). Among CLD complications, cirrhosis
was detected in 46.0% (n=820) of patients, whereas 9.1%
(n=163) had hepatocellular carcinoma. Some patients pre-
sented portal hypertension signs as splenomegaly (18.4%;
n=328) or gastroesophageal varices (13.2%; n=236). We also
detected that 2.7% (n=49) had previously needed a tran-
sjugular intrahepatic portosystemic shunt (TIPS).

Invasive procedures and bleedings

Most patients (85.6%; n=1529) underwent at least one inva-
sive procedure, with a median of 4.0 (2.0-7.0) procedures
per patient during the follow-up (Fig. 1A). A majority of
them went through both major (82.1%; n=1256) and minor
(86.1%; n=1317) invasive procedures and most of them
were non-urgent (98.2%; n=1502) while 43.8% (n=670) were
urgent (Fig. 1B). The most frequent types of invasive proce-
dures were biopsies (62.8%; n=960), surgical interventions
(58.4%; n=893), or endoscopic procedures (57.3%; n=877)
(Fig. 1C).

A total of 526 patients (29.4%) presented bleeding events
(Fig. 2A). Bleeding events were presented in a higher
percentage in those patients who needed any invasive pro-
cedure during the follow up compared with patients without
them [33.0% vs 8.1%, p <0.0001] (Fig. 2B). Details regarding
the number of bleeding episodes in both groups are shown in
Fig. 2C. A total of 39.8% (n=201/505) of bleeding events in
patients who underwent invasive procedures were occurred
directly after the procedure. The median time between a
bleeding event and the invasive procedure was 3 (2-6) days,
using a 7-day post-procedure time window to capture infor-
mation regarding bleeding.

Prophylactic treatments

We detected that 25.6% (n=391) of included patients who
needed invasive procedures received a platelet transfusion
as a bleeding prophylaxis (Fig. 3A). Other prophylactic treat-
ments as TPO-RA or antihemorrhagic agents were used in a
lesser extent (3.1%, n=47). We detected that 1.2% (n=19)
of patients undergoing an invasive procedure were treated
with eltrombopag, a further 1.2% (n=19) with etamsylate,
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Table 1

Demographic and clinical characteristics of patients with CLD and severe TCP at baseline.

CLD +severe TCP n=1787

Demographics
Male, n (%)
Age (years)
Mean (SD)
Median (Q1, Q3)

Toxic habits, n (%)
Alcohol
Current
Former
Tobacco
Current
Former
Other substances
Current
Former

Comorbidities n (%)
Arterial hypertension
Dyslipidemia
Diabetes
Arrhythmias
Valvopathies
Cerebrovascular disease
Congestive heart failure
Chronic ischemic heart disease
Other prothrombotic/procoagulant disorders

1165 (65.2)

54.7 (21.6)
58.0 (48.0, 69.0)

793 (44.4)
84 (4.7)

540 (30.2)
386 (21.6)

211 (11.8)
59 (3.3)

511 (28.6)
385 (21.5)
383 (21.4)
334 (18.7)
253 (14.2)
97 (5.4)
48 (2.7)
11 (0.6)
157 (8.8)

Analytical parameters Mean (SD) Median (Q1, Q3)
Platelet count (x10°/L), n=614 28.4 (16.5) 31.0 (15.0-43.8)
White blood cell count (x10°/L), n=949 22.4 (102.3) 4.8 (2.6, 8.4)
Neutrophils (x10°(L), n=729 6.9 (24.4) 2.5 (1.1, 4.9)
Lymphocytes (x 10°/L), n=703 7.4 (40.5) 0.8 (0.4, 1.6)
Eosinophils (x10°/L), n=624 0.6 (6.9) 0.0 (0.0, 0.1)
Hemoglobin (g/dL), n=1263 10.3 (2.4) 10.0 (2.2-25)
INR, n=990 1.5 (0.8) 1.3 (0.0-9.6)
Total bilirubin (g/dL), n=903 3.1 (5.5) 1.4 (0.0-47.8)

and 0.6% (n=9) with romiplostim (Fig. 3A). In the subgroup
of patients who were treated with platelet transfusion prior
to an invasive procedure, a median of 2 (1-4) invasive pro-
cedures per patient were observed. Invasive procedures
involving platelet transfusions were classified as minor in
77.5% of patients (n=303) and major in 62.7% (n=245) and
were predominantly surgical interventions (63.7%; n=249),
biopsies (46.3%; n=181), and endoscopic procedures (41.9%,
n=164) (Fig. 3B). Among patients who needed an invasive
procedure, a total of 599 (39.1%) received platelet transfu-
sions during the follow up.

Hospital resources

Hospital admissions of included patients during all the study
period were evaluated. Hospital LOS for these patients due
to any cause or specifically due to bleeding events are
shown in Table 3. Most patients were admitted to hospi-
tal (60.9%; n=1089) throughout the study period, with a

median LOS of 5.0 (3.0-9.0) days. A 14.4% (n=157) of hospi-
talizations were due to bleeding events and those patients
stayed a median of 6.0 (3.0-9.0) days. Departments or ser-
vices most visited by CLD and severe TCP patients during the
follow-up period are shown in Suppl. Table 1. The Accident
and Emergency department was visited by 49.6% (n=3887)
of the patients a median of 2.0 (1.0-4.0) times, followed
by the Gastroenterology department, which was visited by
36.3% (n=649) of patients, though more frequently, with
a median of 11.0 (2.0-40.0) visits per patient. Visits to the
Hematology department were recorded for 28.5% (n=510) of
patients, with a median of 5.0 (2.0-19.0) visits per patient.
In turn, the Hepatology department was visited by 12.3%
(n=220) of the patients a median of 2.0 (1.0-4.0) visits.

Validation metrics

Validation metrics for the main variable of the study, namely,
CLD, yielded an F1-score (harmonic mean between preci-
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Table 2

Baseline characteristics related to CLD in included patients.

CLD +severe TCP n=1787

Time from CLD diagnosis since severe TCP, years
Mean (SD)

Etiology of CLD, n (%)?
Chronic viral hepatitis B, C, D or E
Hemochromatosis
Non-alcoholic steatohepatitis (NASH)
Alcohol
Cryptogenic
Autoimmune hepatitis
Primary biliary cholangitis

Complications

Cirrhosis, n (%)

Hepatocellular carcinoma, n (%)

Portal hypertension

Signs, n (%)

Splenomegaly
Gastroesophageal varices
Portal vein thrombosis
Hepatorenal syndrome
Hydrothorax
Other portosystemic collaterals

Transjugular intrahepatic portosystemic shunt (TIPS), n (%)

Time since TIPS (months)
Mean (SD)
Median (Q1, Q3)

0.6 (1.6)

444 (24.8)
240 (54.1)
62 (13.9)
43 (9.7)
34 (7.7)
27 (6.1)
27 (6.1)
7 (1.6)

820 (46.0)
163 (9.1)

328 (18.4)
236 (13.2)
72 (4.0)
27 (1.5)
6 (0.3)
28 (1.6)
49 (2.7)

12.4 (35.7)
0.7 (0.1, 5.0)

@ Percentages for this variable were calculated with respect to patients with recorded etiology of CLD, not the whole CLD +severe TCP

group.

Table 3

Baseline characteristics related to CLD in included patients.

CLD +severe TCP n=1787

Patients with any hospital admission, n (%)
Length of stay (days)
Mean (SD)
Median (Q1, Q3)

Patients with hospital admission due to bleeding events, n (%)

Length of stay (days)
Mean (SD)
Median (Q1, Q3)

1089 (60.9)

6.2 (4.3)
5.0 (3.0, 9.0)
157(8.8)

6.7 (4.4)
6.0 (3.0, 9.0)

sion and recall) of 0.89, showing high agreement between
physicians’ annotations (using 1187 EHRs to obtain the
gold standard) and EHRead® detection. Linguistic validation
of other related variables including disease characteri-
zation (e.g., gastroesophageal varices, portal thrombosis,
digestive bleeding), diagnosis (e.g., platelet count), and
treatments (e.g., TIPS) returned an F-score above 0.80
(Suppl. Table 2). However, the F1-score for the term
‘‘thrombocytopenia’’ was 0.60, where precision was 0.82
but the recall was 0.47. TCP could be interpreted from the
laboratory values even if the term was not contained in the
EHRs, whereas validation refers only to terminology identi-
fication, such that inferences can make up for inadequate

term detection. Similarly, ‘‘platelet transfusion’’ returned
an F1-score of 0.44 since the term per se is rarely contained
in the EHRs. Physicians interpreted the term ‘‘platelet trans-
fusion’’ from the appearance of ‘‘transfusion’’ and the
values in laboratory records. The temporality evaluation
yielded a robust F1-score of 0.78, considering that tempo-
rality detection is one of the most complex NLP tasks, with
F1-scores usually ranging between 0.551 and 0.795.30%

Discussion

The key findings of this study are: (1) CLD associated
severe TCP affects predominantly young men that are
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CLD and Severe TCP
n=1787

[J No need of invasive procedures

[l Need of invasive procedures

Patients who needed invasive procedures
n=1529

B C
100 100

80 80
60 60
40 40
2| I 20

Major Minor Urgent Non-urgent BX Sl EP PCT TCT TIPS

Characteristics (%)
Type (%)

o

o

Figure 1 Invasive procedures realized in included patients. A shows the percentage of patients who needed an invasive procedure
during the follow up. B and C show the characteristics and types respectively of invasive procedures performed on included patients.

SI: surgical intervention; BX: biopsy; EP: endoscopic procedures; PCT: paracentesis; TCT: thoracocentesis; TIPS: transjugular intra-
hepatic portosystemic shunt and OTH: others.

All included No need of invasive procedures  Need of invasive procedures
n=1787 n =258 n=1529

(n=505) I No bleeding events
70.6%

(n=1261)

67.0% B Bleeding events
(n=1024)

>5 bleeding events

4 bleeding events

3 bleeding events

B 2 bleeding events

Percentage of patients (%)

B 1 bleeding event
All NIP P
n=526 n=21 n =505
Figure 2  Bleeding events in all included patients (A) and regarding the need of invasive procedures (B) during the follow up. C

shows the number of bleeding events in the three groups during the follow up. ***p <0.0001 vs no need of invasive procedures. NIP:
no need of invasive procedures; IP: need of invasive procedures.

alcohol users with other complications derived from the with those patients who don’t; (4) Platelet transfusions
CLD; (2) Most of them need invasive procedures after are still the most common bleeding prophylaxis used
the combination of CLD and severe TCP; (3) Patients and (5) CLD and severe TCP patients consume a signifi-

who need invasive procedures present higher bleeding cant number of healthcare resources after the combined
rates and higher number of bleeding events in comparison diagnosis.
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Need of invasive procedures
n=1529

Prophylactic treatment (%)

Platelets Eltrombopag Etamsylate
n=19

Romiplostim
n=391 n=9

Figure 3

B

Platelet transfusion
n=391

Number of invasive procedures
Mean (SD) 39(4.6)
Median (a1, 03) 2.0(10,4.0)
Characteristics of invasive procedure, n (%)
Minor 303(77.5)
Major 245 (62.7)
Type of invasive procedure, n (%)
Surgical intervention 249 (63.7)
Biopsy 181(46.3)
Paracentesis 81(207)
Thoracentesis 27(6.9)
TIPS 21(5.4)
Endoscopic procedures 164 (41.9)
Variceal band ligation 16(4.)

Bleeding prophylactic treatment in included patients who needed invasive procedures during the follow up (A). B shows

the characteristics of invasive procedures in patients who received platelet transfusions as a bleeding prophylactic treatment.

To date, there is a lack of scientific evidence and
publications, as well as clinical practice guidelines or rec-
ommendations on CLD associated severe TCP. In this regard,
a previous work based on a Delphi study was recently
published which gave rise to estimates for several param-
eters in this population.?? However, in the present study
we described the clinical characteristics of patients with
CLD-associated severe TCP in Spain in a real-world setting,
shedding light on the real clinical practice. The lack of
prior published data or patient registries on this topic and
our use of Al techniques such as NLP and machine learn-
ing makes this study a first of its kind. We found that CLD
patients who developed severe TCP were mainly young men
that were alcohol users, where the most frequent comorbid-
ity observed was arterial hypertension. The most detected
cause of CLD in this study was chronic viral hepatitis, fol-
lowed by hemochromatosis, NASH and alcoholic origin, all
them previously described as frequent etiologies for CLD.*
Moreover, a higher percentage of included patients pre-
sented some CLD complication at baseline, most frequently
a cirrhosis stage as previously described, and a small per-
centage had been subjected to TIPS during the year before.
All this could suggest an advanced state of the CLD when
severe TCP occurs.

Our results showed that most patients with CLD-
associated severe TCP underwent invasive procedures during
the follow up period. This is according to previous reports
that show that CLD ranges from stable phases, which are
gradually followed by complications, to decompensated
phases, where patients usually require an increasing num-
ber of invasive and potentially hemorrhagic interventions.?*
Interestingly, we found a median of 4 (2-7) invasive pro-
cedures per patient throughout the 5-year study period,
equivalent to approximately one procedure per year, as esti-
mated in the Delphi study.>’ Most interventions in these
patients are planned, and patients in our study received
prophylactic platelet transfusions in almost 30% of cases.
Despite this fact, we detected that the percentage of
patients with bleeding events and the number of events
were higher in patients with invasive procedures within 7
days post-procedure. This is also in accordance with clinical
guidelines, which describe a paucity of data to recommend a
*safe’’ minimum platelet number for procedures in patients
with CLD and whether platelet transfusion is effective.?® In
fact, there is no clear evidence regarding the efficacy and
safety of platelet transfusion under these circumstances and

increments may be poor and short-lived in patients with
portal hypertension.

On the contrary, more recent studies of TPO-RA have
been shown to reduce the need for platelet transfusion
in patients with cirrhosis requiring elective invasive proce-
dures. However, as previously described in the Delphi study,
we found that only about 3% of patients received TPO-RA
drugs.3? Despite the evidence, the low rate of use of these
drugs could be related to their recent approval by regulatory
agencies. Because of this, these drugs were used off-label
and most still sparingly during the study period.3¢-*8 It would
be beneficial to establish risk-adapted regimens to reduce
the use of transfusions and their associated complications.*

Finally, we found that CLD patients with associated
severe TCP were frequently admitted to the hospital during
the follow up period, where 14% of cases were due to bleed-
ing events. It can represent a meaningful economic burden
for the National Health Service, in addition to causing social
problems and an important impact on these patients’ quality
of life.*0 As expected, the accident and emergency depart-
ment, gastroenterology, and hematology were the most
frequently visited departments by this group of patients.

Strengths and limitations

Automated data abstraction from EHR through NLP is
highly accurate, faster and on a larger scale than manual
abstraction. It can facilitate real-world evidence stud-
ies at a greater scale than what could be achieved with
manual data extraction. Moreover, unlike traditional ran-
domized trials and registries which include patients that are
non-representative of the target population due to strict eli-
gibility criteria, real world data can better address storing
data from daily clinical practice. In this regard, the use of
NLP and ML technologies allows for direct access to real-
world evidence and large sample sizes. However, results
must be interpreted considering several limitations related
to the study methods. First, as with other observational and
retrospective studies, causal inferences must be carefully
interpreted. Second, we obtained a low recall metrics for
the variables ‘‘thrombocytopenia’’ and ‘‘platelet transfu-
sion’’ but it does not affect the quality of the result shown
here, for precision metrics are within range. Third, raw data
used for this study are free text in EHRs; therefore, the
quality of the results for some variables depends directly
on the quality of the information written in EHRs. This can
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be the case for variables of interest to the study that are
not reflected in all EHRs, precluding their analysis. Besides,
it could explain an underestimation of some results included
in the present study. Finally, specific invasive procedures as
well as some CLD related variables such as severity indexes
scores, were not well detailed or appeared in a low per-
centage within the free text of the EHRs. Because that,
no conclusions can be drawn regarding bleeding events and
invasive procedures depending on their risk of bleeding nor
the need of invasive procedures regarding CLD severity.

Conclusions

In conclusion, this study presents the current situation of
CLD patients developing severe TCP based on real-world
data analysis. Young male alcohol users with complications
related to CLD seem to be the most affected population.
They usually and periodically require invasive procedures,
which are associated with bleeding events, even when pro-
phylactic treatment with platelet transfusions is performed.
Alternative methods to improve platelet counts such as
TPO-RA drugs in patients with CLD-associated severe TCP
scheduled to undergo invasive procedures could help to
reduce dependence on platelet transfusions, avoiding asso-
ciated adverse events. This scenario implies a burden for
the healthcare system during the years after diagnosis that
could have important economic and social consequences,
given the young population affected. Standardizing mana-
gement of CLD-associated severe TCP patients and inclusion
of specific recommendations in clinical practice guidelines
would be necessary to improve outcomes.
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