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Abstract

Background: Portal vein thrombosis (PVT) is common in cirrhosis. PVT is associated
with high morbidity and mortality. Individual reports suggest that PVT occurs more
frequently in patients with cirrhosis and inherited thrombophilia. The relationship
between cirrhosis, PVT development, and inherited thrombophilia was explored in
this study. The aim of the study was to determine whether cirrhotic patients with
nontumoral PVT have an increased rate of inherited thrombophilia.

Methods: Studies were identified by searching electronic databases up to October
2017 with English language and human subject restrictions. Two independent re-
viewers screened citations and extracted data. Magnitude of effect was calculated
to obtain aggregate estimates of effect size and 95% confidence intervals (Cls).
Between-study variability and heterogeneity were assessed.

Results: Of 2893 citations identified, 9 studies composed of 1929 subjects with
cirrhosis were included. The overall prevalence of PVT was 6.5% (n = 125). Both
prothrombin G20210A mutation (odds ratio [OR], 2.43; 95% Cl, 1.07-5.53; P = 0.03)
and factor V Leiden (FVL) (OR, 1.98; 95% Cl, 1.06-3.68; P = 0.03) were significantly
associated with PVT risk. Methyltetrahydrofolate reductase C677T mutation was
not associated with increased PVT risk. No heterogeneity or publication bias was
observed. One important study with opposite findings could not be included due to
lack of primary data.

Conclusions: FVL and PTG20210A mutation were associated with increased PVT risk
in patients with cirrhosis. This finding reframes the role of inherited thrombophilia
in PVT development in patients with cirrhosis. Future prospective studies investi-
gating screening for inherited thrombophilia in all cirrhosis patients with PVT seem

warranted.

KEYWORDS

factor V Leiden, hereditary, mutation, portal vein thrombosis, prothrombin, thrombophilia

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Research and Practice in Thrombosis and Haemostasis published by Wiley Periodicals, Inc on behalf of International Society on Thrombosis

and Haemostasis.

658 | wileyonlinelibrary.com/journal/rth2

Res Pract Thromb Haemost. 2019;3:658-667.


www.wileyonlinelibrary.com/journal/rth2
mailto:﻿
https://twitter.com/JonathanStineMD
https://twitter.com/JonathanStineMD
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jstine@pennstatehealth.psu.edu

MA ET AL.

Essentials

|} m
research & practice X
in thrombosis & haemostasis

e Portal vein thrombosis (PVT) is common in cirrhosis and leads to inferior outcomes.

e This meta-analysis evaluated whether inherited thrombophilia increases PVT risk in cirrhosis.

e Prothrombin G20210A and factor V Leiden mutations were associated with PVT risk in patients with cirrhosis in these data.

o Further studies are needed for confirmation and to examine the clinical utility of screening.

1 | INTRODUCTION

Cirrhosis was initially thought to predispose patients to a hemor-
rhagic state due to a decrease in liver synthetic function and re-
duced production of coagulation factors.! However, studies over
the past decade now characterize cirrhosis as a precarious state ex-
isting with a “rebalanced” hemostasis.! This places patients at risk
for bleeding, thrombosis, or sometimes both simultaneously.! PVT
is a frequent and serious complication of cirrhosis, with prevalence
between 7.4% and 16%.2 PVT is associated with increased risk of
hepatic decompensation and inferior overall survival in comparison
with patients without PVT, and it may lead to inferior posttransplant
outcomes.®™ Many risk factors for PVT development are well es-
tablished, including reduced portal vein blood flow; however, the
impact of hereditary thrombophilia remains controversial.>” Factor
V Leiden (FVL), prothrombin G20210A, and methyltetrahydrofolate
reductase (MTHFR) C677T are well-established risk factors for deep
vein thrombosis (DVT) and pulmonary embolism. FVL and prothrom-
bin G20210A mutations affect roughly 5% of the general population.
Whether inherited thrombophilia increases the risk of PVT develop-
ment remains unclear, as recent consensus guidelines from the 7th
International Coagulation in Liver Diseases Conference® state that
thrombophilia likely plays a role in PVT development but make no
strong recommendation regarding testing for these conditions in ei-
ther a screening capacity before PVT diagnosis or confirmatory once
thrombosis has developed, largely due to conflicting data on this
topic.8*! No systemic review or meta-analysis has been conducted
to clarify this uncertainty, and the role of hereditary thrombophilia
in patients with cirrhosis remains unknown. Prior studies assessed
FVL and prothrombin G20210A in the development of acute PVT
without excluding subjects with malignancy.12

The aim of this study was to determine whether there is an in-
creased rate of inherited thrombophilia in patients with cirrhosis
who develop nontumoral PVT. Initial inherited thrombophilias of
interest included common mutations such as protein C/S deficiency
and prothrombin G20210A, FVL, and MTHFR C677T mutation. We
hypothesized that there is an overall increased prevalence of inher-
ited thrombophilia in cirrhotic patients who develop PVT.

2 | MATERIALS AND METHODS

2.1 | Literature search strategy

Trained study investigators independently systematically

searched medical electronic databases for published literature

(eg, observational studies and clinical trials) that studied the rates

of hereditary thrombophilias in patients with cirrhosiswho devel-
oped PVT. These databases included MEDLINE, Science Citation
Index, Scopus, Allied and Complementary Medicine Database,
and the Cochrane Library. Electronic search criteria included all
publications through October 2017 with human restrictions using
the following terms/keywords: cirrhosis, antithrombin, protein C,
protein S, prothrombin, factor V Leiden, methyltetrahydrofolate
reductase, and JAK2. Duplicated article titles were removed after

cross reference.

2.2 | Study selection

Two independent reviewers (SM and JW) screened the remaining
list of studies for articles related to the research question. Studies
were excluded if PVT was associated with malignancy including
hepatocellular carcinoma (eg, tumoral thrombosis), developed after
the procedure (eg, transjugular intrahepatic portosystemic shunt), if
there were no primary data, or if no control/comparison group was

included. Non-English studies were also excluded.

2.3 | Data extraction

Studies that met inclusion criteria underwent a full-text review by
the 2 independent reviewers (SM and JW). Any disagreements about
inclusion were resolved by an independent third clinical reviewer
(JS). Data extraction from each study meeting inclusion criteria in-
cluded patient characteristics (age/sex), study-level characteristics
(author, publication year, study design, enrollment period, target
population, total number of patients), and events of interest per-
tinent to the research question (prevalence of inherited thrombo-
philia in patients with cirrhosis who developed PVT vs. those who
did not develop PVT). This study did not require institutional review
board approval because no identifiable patient information was

available or extracted.

2.4 | Statistical analysis

Descriptive statistical analysis of each identified study, along
with meta-analysis of reported study effect measures, were
calculated using review manager software (Rev-Man version
5.3; Copenhagen; The Nordic Cochrane Centre; The Cochrane
Collaboration; 2014). Pooled odds ratios (ORs) were calculated by
weighting study-specific risk ratios by the inverse of their individ-
ual variance. Magnitude of effect was calculated by DerSimonian
and Laird random-effects ORs to obtain aggregate estimates of

effect size and 95% confidence intervals (Cls) and to account for
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2764 records
identified through
database search

6151 additional
records identified

through other
sources

l

2893 records after
duplicates removed

2893 records 2868 records
screened excluded
16 full-text articles
excluded:
No primary data (n = 5)
No thrombophilia (n = 5)
Duplicate data (n = 3)
No control (n = 2)
Incorrect (n = 1)
-
25 full-text
articles
assessed for
eligibility

9 studies included
in qualitative
synthesis

9 studies included
in quantitative
synthesis (meta-
analysis)

FIGURE 1 Flow chart of study inclusion

both between- and within-study variability. Between-study vari-
ability was assessed using Cochran's Q statistic (with P < 0.05 con-
sidered significant).

2.5 | Heterogeneity and bias assessment

Between-study heterogeneity was calculated using I? index, with
significant between-study variability if 1?2 was >75%.% Publication
bias was also determined by creating post hoc funnel plots due to
the publication bias inherent to the available scientific literature.

3 | RESULTS

3.1 | Included studies

The search strategy resulted in a total of 8915 publications and
adhered to the Preferred Reporting Item for Systematic Reviews
and Meta-Analyses (PRISMA) statement (Figure 1). After ensur-
ing that no duplicates were present, 2893 article titles and ab-
stracts were screened. A total of 25 articles underwent full-text
review. After qualitative review of each study, 9 met inclusion
criteria and were included in the meta-analysis. Articles that
were excluded either contained no primary data (5), no throm-
bophilia data (5), duplicate data (3), no control (2), or incorrect
clinical end points (1). The landmark study from Nery et al*4
could not be included, as patient level data with the number of
subjects with PVT and each individual inherited thrombophilia
was unable to be discerned. Study level characteristics are
found in Table 1. A summary of the search results is presented
in Figure 1, reflecting PRISMA standards. No additional studies
were appropriate for inclusion based on our a priori determined
criteria.

In total, the 9 studies that met inclusion criteria comprised
1929 patients with cirrhosis. Overall prevalence of PVT was 6.4%.
Subjects with PVT (n = 125) were compared to subjects without
PVT (n = 1804). Mean individual study age ranged from 43 to
62 years and were predominantly male. The majority of the co-
hort had advanced cirrhosis, with Child-Turcotte-Pugh Class B or
C disease. Chronic hepatitis C infection was the leading etiology of
cirrhosis, followed by alcohol-related liver disease. Overall preva-
lence of thrombophilia was as follows: 17.3% MTHFR, 6.7% FVL,
and 5.4% prothrombin G20102A. Table 2 provides details on pa-

tient-level characteristics.

3.2 | Inherited thrombophilia and PVT

3.2.1 | FVL mutation

Eight studies were used to determine the association of FVL mu-
tation (either heterozygosity or homozygosity) with the odds of
PVT in patients with cirrhosis. Overall prevalence of FVL was 6.7%.
Heterogeneity between the studies was not significant (1> = 26%).
Overall, there was an increased prevalence of FVL in patients with
cirrhosis who developed PVT, with an OR of 1.98 (95% Cl, 1.06-3.68;
P =0.03) (Figure 2A).

3.2.2 | Prothrombin G20210A mutation

Seven studies were used to determine the association of prothrom-
bin G20210A with PVT in cirrhosis. Overall prevalence of prothrom-
bin G20210A (either heterozygosity or homozygosity) was 5.4%.
Heterogeneity between the studies was not significant (1? = 58%).
Prothrombin G20210A also increased the odds of PVT in cirrhosis,
with an OR of 2.43 (95% Cl, 1.07-5.53; P = 0.03) (Figure 2B).
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TABLE 1 Study-level characteristics

Liver cirrhosis
diagnosis

Morphological
or clinical

Histological or
clinical

Liver biopsy or
clinical

Histological or
clinical

Confounders con-
trolled for

Sex, age, Child-Pugh

score

Not specified

Sex, age, etiology of

cirrhosis

Sex, age, etiology/
complication of

|} m
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PVT diagnosis

Preliminary abdominal US
with Doppler; confirmed
with spiral CT or MRI

Abdominal US with Doppler

Abdominal US with Doppler

Abdominal US with
Doppler; confirmed with

Reference Year published Years enrolled Study design
Amitrano 2004 January 1998- Case-control
etal® December 2002 study
De Santis 2005 (Abstract) Not specified Case-control
etal® study
Erkan et 2005 January 2000- Case-control
al®? December 2001 study
Mangia 2005 April 1999- Case-control
et al® December 1999 study
Pastaetal®® 2005 (Abstract) January 2000- Case-control
September 2003 study
Maras 2010 (Abstract) Not specified Case-control
etal® study
Pellicelli 2011 (Abstract) Not specified Prospective
etal® case-control
study (19-mo
follow-up)
D'Amico 2015 June 2008- Case-control
etal® January 2014 study
Saugel 2015 December 2009-  Case-control
etal®’ August 2011 study

Not specified

cirrhosis CT or angiography
Not specified Not specified Not specified
Not specified Not specified Not specified
Not specified Not specified Not specified
Not specified Sex, age, etiology/ Not specified

complication of
cirrhosis

Sex, age, etiology/ Abdominal US, CT, or MRI
complication of

cirrhosis, Child-

Pugh/MELD score

(partially)

CT, computed tomography; MRI, magnetic resonance imaging; PVT, portal vein thrombosis; US, ultrasound.

3.2.3 | MTHFR C677T mutation

Three studies were used to determine the prevalence of MTHFR
C677T mutations in patients with cirrhosis who developed PVT.
MTHFR C677T mutation was the most common thrombophilia,
with a prevalence of 17.3% in the entire cohort. Heterogeneity
between the studies was not significant (I = 70%). The meas-
ure of effect suggested no association of MTHFR C677T
with PVT in cirrhosis (OR, 1.54; 95% Cl, 0.66-3.55; P = 0.32)
(Figure 2C).

3.2.4 | Other thrombophilias

One study included in this meta-analysis evaluated the plasminogen
activator inhibitor-1 (PAI-1) 4G/5G mutation and found a statisti-
cally significant increased prevalence in patients with cirrhosis who
developed PVT.'> However, no pooled measure of effect could be
calculated with this single study.

3.3 | Bias assessment

No heterogeneity bias was observed in this analysis. 12 was <75% in
all thrombophilia that had a pooled measurable effect (Figure 2). No

publication bias based on funnel plot analysis was observed as well
(Figure 3).

4 | DISCUSSION
In this study, patients with cirrhosis had a greater prevalence of
inherited thrombophilia than the general population, with rates
between 5% and 17%. Of the 3 thrombophilias that had adequate
data for statistical analysis, FVL and prothrombin G20210A muta-
tion were significantly higher in patients with cirrhosis who de-
veloped PVT than cirrhotic patients without PVT. The presence
of either FVL or prothrombin G20210A mutation was associated
with an upwards of a 2-fold increased risk of PVT. MTHFR C677T
was not associated with PVT risk in patients with cirrhosis. This
is the first study to offer quantitative analysis investigating the
prevalence of inherited thrombophilia in patients with cirrhosis
who develop PVT. These findings suggest a need to reconsider the
role of thrombophilia (eg, FVL and prothrombin G20210A) in the
development of PVT in patients with cirrhosis. This issue might
be particularly important in liver transplant candidates where pre-
transplant PVT is associated with significant pretransplant mor-

bidity and mortality and may lead to inferior posttransplantation
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TABLE 2 Patient characteristics from included studies
De Santis et al 2005
Amitrano et al 2004 [Abstract] Erkan et al 2005
+PVT -PVT +PVT -PVT +PVT -PVT
Total number cirrhosis 701/79 87/17 74/17
patients/PVT events
Sample size 79 79 (study produced) 17 70 17 57
Mean age (y) 59.3+x11.1 59.3+11.1 61.8 £10.9 43+ 11 45+ 10
Male-to-female ratio 47/32 47/32 49/38 10/7 42/15
Child-Pugh Class
A 7 (10%) 7 (10%) 37 (42.5%) 6 (35%) 8 (14%)
B 41 (51.9%) 41 (51.9%) 40 (46.0%) 6 (35%) 23 (40%)
C 31(39.1%) 31 (39.1%) 10 (11.5%) 5 (30%) 26 (46%)
Cirrhosis etiology
HBV 9 (11.3%) 8(10.1%) 3(18%) 29 (50.5%)
HCV 36 (45.5%) 49 (62%) 6 (35%) 12 (21%)
Alcohol 11 (13.8%) 10 (12.6%) 3(18%) 5(9%)
Cryptogenic 11 (13.8%) 4 (5.1%) 5(29%) 9 (16%)
Mixed 12 (15.6%) 8(10.1%) 3(18%) 2 (3.5%)
Presence of thrombophilia
FVL 8(11.4) 4(5.1) 11.8%° 1.4% 5(29)° 2 (3.5)
PTHR 15(21.4)° 4(5.1) No values No values 5(29)? 2(3.5)
provided provided
MTHFR 15(21.4) 11 (14.2) 3(18) 10 (17.5)
Mangia et al 2005 Pasta et al 2005 [Abstract] Maras et al 2010 [Abstract]
+PVT -PVT +PVT -PVT +PVT -PVT
Total number cirrhotics/ 219/43 183/65 270/70
PVT events
Sample size 43 176 65 71 70 200
Mean age (y) 61.6 (33-84) me- 56.7 (21-84) median
dian (range) (range)
Male-to-female ratio 22/21 90/86
Child-Pugh Class
A 17 (39.5%) 104 (59.1%)
B B+ C: 26 (60.5%) B+ C:72(40.9)
€
Cirrhosis etiology
HBV 4(9.3%) 17 (9.7%)
HCV 19 (44.2%) 80 (45.5%)
Alcohol 9 (20.9%) 33(18.8%)
Cryptogenic 7 (16.3%) 18 (10.2%)
Mixed 4(9.3%) 28 (31.2%)
Presence of thrombophilia
FVL 1(2.3) 6(3.4) 2(3.1) 2(2.8)
PTHR 2(4.7) 6(3.4) 1(1.5) 5(7.0) 17% 4%
MTHFR 9(20.9) 39 (22.1) 41.2% 28%
Homozygous 14 (25.9)° 7 (9.9) 12.8% 6%
Heterozygous 30 (55.6) 38 (53.5) 28% 22%

(Continues)
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TABLE 2 (Continued)

Pellicelli et al 2011 [Abstract]

+PVT -PVT

Total number cirrhotics/ 56/11

PVT events
Sample size 11 45
Mean age (y)
Male-to-female ratio
Child-Pugh Class
A
B

C
Cirrhosis etiology
HBV
HCV
Alcohol
Cryptogenic
Mixed
Presence of thrombophilia
FVL 2(18.2)
PTHR
MTHFR
PAI-1

3(6.7)

7 (63.6)° 6(13.3)

|} m
research & practice X
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D'Amico et al 2015 Saugel et al 2015

+PVT -PVT +PVT -PVT
865/243 93/21 (29 with PVT without
liver cirrhosis)
243 622 21 43
59 (19-83) median (range) 55+9 58 + 10
477/388 15/6 26/17
9.4 + 2.3 (total 84+26
mean) (total mean)
80 (9.2%) B+ C: 5 (24%) B+ C: 6 (14%)
582 (67.3%)
94 (10.1%) 8 (38%) 36 (84%)
191 (22.1%) 3 (14%) 3(7%)
23(37.7) 1(5) 5(12)
13(39.5) 0(0) 1(2)
65 (46.7)
83 (48.0)*

FVL, factor V Leiden; HBV, hepatitis B virus; HCV, hepatitis C virus; MTHFR, methyltetrahydrofolate reductase; PAI, plasminogen activator inhibitor;

PTHR, prothrombin G20210A mutation; PVT, portal vein thrombosis.
Statistically significant.
PStatistically significant for homozygous MTHFR mutation.

outcomes.>>1¢17 Maximizing transplant utility is of the utmost
interest, given the continued inequity between organ supply and
demand with the organ deficit of nearly 10 000 each year in the
United States.

Both FVL and prothrombin G20210A are predominantly found
in Caucasian populations in a heterozygosity-carrying manner.
Although prevalence of heterozygous FVL is 5%,'® approximately
12% of patients who develop venous thromboembolism (VTE) in the
general population have FVL.* Prothrombin G20210A carriership is
likewise observed in about 2% to 5% of the general population20 and
in 4% to 17% of those with VTE.?*?2 Taken in concert with the high
prevalence of inherited thrombophilia in VTE from previous stud-
ies, our findings support consideration of testing for FVL and pro-
thrombin G20210A mutations in patients with cirrhosis and newly
diagnosed PVT.

While the optimal treatment choice remains controversial (eg,
anticoagulation), we would suggest consultation with a hematol-
ogist to discern both the optimal treatment regimen and duration
of therapy. The role of transjugular or transsplenic intrahepatic
portosystemic shunts in the treatment of PVT in patients with
cirrhosis with thrombophilia will also need to be addressed with

future studies; however, the argument can be made that even if

endovascular intervention is pursued, patients with thrombophilia
likely will need anticoagulation even if mechanical portal vein
recanalization is obtained. Consideration of consultation with a
hematologist would also be helpful and should be sought once a
thrombophilia has been diagnosed in the patient with cirrhosis and
PVT.

While our data do not answer the question regarding the
utility of universal screening in all patients with cirrhosis at risk
for PVT, prevalence rates of thrombophilia in PVT are similar to
other general medical conditions where universal screening is
recommended (eg, breast and colon cancer).?®%* Research sug-
gests that FVL and prothrombin G20210A mutations increase
only the first but not recurrent DVT.?> Other studies have shown
that thrombophilia screening does not reduce the risk of DVT
recurrence.?® Nevertheless, PVT as a consequence of cirrhosis
involves additional risk factors that may not play a role in typi-
cal DVT development outside the setting of cirrhosis. These in-
clude cirrhosis-induced coagulopathy and hemodynamic changes
as a result of cirrhosis and portal hypertension. More research is
needed to better distinguish the role of inherited thrombophilia
specifically in the development of cirrhotic PVT and in defining its

clinical course.
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A FVL mutation no FVL mutation Odds ratio Odds ratio

Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI

Pasta et al 2005 2 65 2 71 82% 1.10[0.15, 8.01]

Amitrano et al 2004 8 79 4 79 16.7% 2.11[0.61, 7.32] 2004 | N —

Mangia et al 2005 1 43 6 176  7.2% 0.67 [0.08, 5.76] 2005

Erkan et al 2005 5 17 2 57 10.1% 11.46[1.98, 66.25] 2005

De Santis et al 2005 2 17 1 70 5.6% 9.20[0.78,108.17] 2005 >

Pellicelli et al 2011 2 11 3 45 8.6%  3.11[0.45,21.40] 2011

D’Amico et al 2015 23 243 38 622 36.7% 1.61[0.94, 2.76] 2015 -

Saugel et al 2015 1 21 5 43  6.8% 0.38 [0.04, 3.48] 2015

Total (95% CI) 496 1163 100.0% 1.98[1.06, 3.68] i

Total events 44 61

Heterogeneity: Tau® = 0.20; Chi® = 9.45, df = 7 (P = .22); I? = 26% L t t {

Test for overall effect: Z=2.12 (P = .03) 0.01 0.1 1 10 100

Favors [no FVL mutation] Favors [FVL mutation]
B
Experimental ~ Control Odds ratio Odds ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClYear M-H, Random, 95% ClI

Pasta et al 2005 1 65 5 71 9.5% 0.21[0.02, 1.81]

Amitrano et al 2004 15 79 4 79 18.3% 4.39[1.39, 13,91] 2004 s

Erkan et al 2005 5 17 1 57 929% 23.33[2.49,218.24] 2005

Mangia et al 2005 2 43 6 176 13.4% 1.38[0.27, 7.10] 2005 e B

Maras et al 2010 12 70 8 200 20.8% 4.97 [1.94, 12.73] 2010 —

Saugel et al 2015 0 21 1 43 5.2% 0.66 [0.03, 16.86] 2015

D’Amico et al 2015 13 243 20 622 23.5% 1.70[0.83, 3.48] 2015 T

Total (95% Cl) 538 1248 100.0% 2.43[1.07, 5.53] i

Total events 48 45

Heterogeneity: Tau? = 0.61; Chi? = 14.15, df = 6 (P = .03); I? = 58% t t t t

Test for overall effect: Z=2.13 (P = .03) 0.005 0.1 1 10 200
Favors [no PTG20210A gene]  Favors [PTG20210A gene]

C

Experimental Control Odds ratio Odds ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl

Mangia et al 2005 9 43 39 176 33.9% 0.93[0.41, 2.10] 2005

Erkan et al 2005 3 17 10 57 20.5% 1.01[0.24, 4.17] 2005

D’Amico et al 2015 65 243 74 622 45.5% 2.70[1.86, 3.93] 2015 —a—

Total (95% Cl) 303 855 100.0% 1.54 [0.66, 3.55]

Total events 77 123

Heterogeneity: Tau? = 0.37; Chi? = 6.61, df = 2 (P = .04); I> = 70% t t t T t t t

Test for overall effect: Z=1.00 (P = .32) 0.1 0.2 0.5 1 2 5 10

Favors [no MTHFR 677T] Favors [MTHFR 677T]

FIGURE 2 Pooled measure of effects for patients with cirrhosis with/without PVT and with/without presence of: A, Factor V Leiden
(FVL); B, prothrombin mutation (PTG20210A); C, methyltetrahydrofolate reductase mutation (MTHFR C677T)

A B C
0 SE(log[OR]) ) 0 + SE(log[OR]) 0 + SE(log[OR])
O; ° 0.2 o
0.5 0.5 o :
:D o
{ ° 0.4 o
o
1 o © 1
o © Q; o
i % 0.6
15 15 )
] o 0.8
i OR OR
2 : 2 1 OR
0.01 0.1 1 10 100 0.005 0.1 1 10 200 0.1 0.2 0.5 1 2 5 10

FIGURE 3 Funnel plot analyzing publication bias for: A, factor V Leiden (FVL); B, prothrombin mutation (prothrombin G20210A); C,
methyltetrahydrofolate reductase mutation (MTHFR C677T)

Although this meta-analysis excluded neoplasms and inflamma- and is an interesting avenue for future study. In general, data on
tory conditions to avoid heterogeneity and selection bias, previous inherited thrombophilia and risk of PVT in malignancy are limited;
research studies have also found these conditions to be indepen- however, several small studies have documented both FVL and
dent risk factors for patients with cirrhosis without inherited throm- prothrombin G20210A mutation as independent risk factors for

bophilias to develop PVT.?” Whether patients with tumoral PVT VTE in malignancy with a similar 2- to 4-fold increased risk.?®??

have an increased rate of inherited thrombophilias remains unclear Antiphospholipid antibodies and acquired resistance to activated
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TABLE 3 Bias assessment of included

i Ref
studies by Newcastle-Ottawa scale EIELEICES

Amitrano et al*
De Santis et al®!
Erkan et al®?
Mangia et al*®
Pasta et al**
Maras et al®
Pellicelli et al®
D'Amico et al*®

Saugel et al®’
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Year published Selection Comparability Outcome

2004 F— *x -

2005 (Abstract)  ** * >
2005 F— *x ook
2005 — . *k

2005 (Abstract)  ** * o

2010 (Abstract)  *** ** **

2011 (Abstract) ** * >
2015 — . *k
2015 F— *x -

Note: A maximum of 4 stars can be awarded for selection, 2 for comparability, and 3 for outcomes.
A score of >6 indicates a high-quality study.

protein C may also predispose independently to thrombosis in pa-
tients with malignancy.29

The findings from this study warrant a renewed focus to better
understand the role of prophylactic anticoagulation in patients with
cirrhosis who are at a greater risk for PVT development, including
those with inherited thrombophilia. To date, there has been only 1
controlled trial published on the effective use of prophylactic anti-
coagulation for patients with cirrhosis.®° In this study, no patients
receiving enoxaparin developed PVT after 96 weeks, while 36% of
subjects in the nonanticoagulated group developed PVT,; interest-
ingly, there was a survival benefit with no significant increase in hem-
orrhagic events or adverse effects in the anticoagulated group.3° We
propose that anticoagulants should be studied for their potential to
prevent PVT in patients with cirrhosis and inherited thrombophilia.
Currently, 1 multicenter randomized trial has been initiated with a
similar research question (Multicenter Prospective Randomized
Trial of the Effect of Rivaroxaban on Survival and Development of
Complications of Portal Hypertension in Patients with Cirrhosis
[CIRROXABAN])® which may provide evidence for the need of pro-
phylactic coagulation in cirrhotic patients.

Although we observed an association of thrombophilia with PVT
in cirrhosis and that this could guide anticoagulant prevention, pa-
tients with cirrhosis with other risk factors might also benefit from
prophylaxis. More research needs to be done on this topic to better
distinguish the role of anticoagulation in all high-risk patients with
cirrhosis, as prophylactic use may do more harm than good for dif-
ferent subsets of patients.

Our study has several limitations, primarily in regards to the avail-
ability of published studies on the research topic. Multiple studies were
excluded due to lack of primary data or presence of duplicate data,
including a landmark study published by Nery et al,** which found no
relationship between inherited thrombophilia (eg, FVL and prothrombin
20210A mutations) and risk of cirrhotic PVT. Exclusion of such a study
does affect our data but continues to highlight the uncertainty of this
research question. Other studies were excluded due to lack of a con-
trol group. Furthermore, several studies included in the meta-analysis
were only abstracts of lower quality (Table 3). Additionally, the lack of

clarity surrounding what imaging modality was used to diagnose PVT in

several studies is somewhat limiting. Although there was an increased
prevalence of MTHFR C677T mutation in the patient population of in-
terest, there was no pooled statistically significant increased risk in PVT,
and the inclusion of only 3 studies limited statistical power (Figure 2C)
and led to greater heterogeneity. Additionally, data for PAI-1 4G/5G
polymorphism was even more limited, with 1 study. However, it is im-
portant to note that neither MTHFR or PAI-1 4G/5G polymorphisms
are established risk factors for the development of DVT. No concrete
conclusions about either of these inherited thrombophilias can be made
at this time, but future research may establish this.

In summary, patients with cirrhosis and concomitant inherited
thrombophilia FVL and prothrombin G20102A are at higher risk for
developing PVT than those without thrombophilia, with a 2-fold in-
creased risk of PVT. Data for confident conclusions regarding MTHFR
C677T and PAI-1 4G/5G mutation are lacking at this time. Although we
were unable to include a recent longitudinal study that found no rela-
tionship between thrombophilia and PVT risk,** our conflicting conclu-
sion provides greater insight into the need to study this topic further.
Future prospective studies investigating thrombophilia screening in
patients with cirrhosis after PVT diagnosis seems warranted to bet-
ter understand the role of genetics and clotting risk in patients with
chronic liver disease, with the goal of impacting patient-centered
outcomes.
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