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Abstract

Introduction: Hepatitis B Virus genotypes influence chronic hepatitis B evolution and show geographic preferences. In Eastern
Europe, HBV - D genotype seems to be dominant, still, without enough information regarding the prevalence of its four subtypes.
In addition, treatment with Nucleos(t)ide Analogues (NUCs) has lower impact on HBV - D genotype clearance compared to others.
This study aimed at presenting the case of a middle age female diagnosed, followed - up and treated for eight years with entecavir
0.5 mg/day, in whom an increase of anti - HBsAb titer was noted over the immunogenicity level and undetectable viremia, despite
the continuous presence of HBsAg. This is an uncommon type of evolution, most patients with anti-HBsAb over 10 [U/mL show
seroconversion in the “s” system in a few months.

Case Presentation: The researchers used the COBAS TagMan HBV Monitor Test (Roche Diagnostics, Branchburg, NJ) in order to
measure serum HBV DNA level, then, the viral DNA was extracted from 200 L of serum using QIAamp DNA blood mini kit (Qiagen,
Germany). The amplification and sequencing of full DNA length was done by the Rolling Circle Amplification (RCA) technique.
Hepatitis B Virus genotype was determined using the NCBI genotyping tool and phylogenetic analysis.

Conclusions: The patient was proved to have D genotype. The DNA analyzes showed escape mutations in the “a” determinant within
the S gene, represented by sQ129R, respectively, sI134T, reported by the literature in a small number of C genotype patients. The
paradoxical serum profile of the current patient with positive HBsAg, increased titers of anti - HBsAb, and undetectable viral load
could be a possible model of evolution for D genotype HBV chronic infected patients treated with NUCs, cohort genetic studies on
patients with the same serum profile are required to confirm this pattern of evolution.
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1. Introduction

According to recently published data reported by the
World Health Organization (WHO) in Geneva on 28™ of
July, 2017, 257 million people are chronic carriers of HBV.
The viral prevalence varies considerably over the world (1).
Hepatitis B Virus chronic infection represents a global pub-
lic health concern due to its complications, such as cir-
rhosis or hepatocellular carcinoma (2). Immunity occurs
when the titer of anti - HBsAb increases over 10 IU/mL,
is overthrown and neutralizes HBsAg by making immune
complexes (3). During common evolution, in not more
than few months, the HBsAg clears and immunity against
HBV is completely established. The concomitant persis-

tence of HBsAg and anti - HBsAb was reported in previous
studies. The pathogenic mechanism of their coexistence
remains unclear (4, 5). Hepatitis B Virus genome contains
four partially overlapping Open Reading Frames (ORF) and
the Major Hydrophilic Region (MHR) contains the “a” de-
terminant of the HBsAg targeted by anti - HBsAb and im-
mune cells during the course of the initial immune re-
sponse to infection. In Eastern Europe and Mediterranean
countries, the most prevalent is genotype D (6). Accord-
ing to literature reports, along with genotype C, genotype
D produces a more aggressive course of the disease and
brings lower response rates to antiviral therapy (7-10). Lit-
erature focused on this issue explains that mutations in
the S gene could lead to structural and functional alter-
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ations in the HBV reverse transcriptase, with potential in-
fluence on viral replication capacity and efficacy of antivi-
ral drugs, the escape mutants eluding the immune system,
and explaining the coexistence of HBsAg and anti - HBsAb
(11,12). The aim of this study was to present the case of a 45
- year - old female chronically infected with HBV - D geno-
type, HBeAg negative, treated with entecavir 0.5 mg/day for
eight years, who showed a paradoxical serological profile
characterized by concomitant presence of HBsAg and high
titers of anti - HBsAD, after eight years of treatment.

2. Case Presentation

A written informed consent was obtained to publish
the patient’s medical data, according to the Local Ethical
Committee requirements. The patient was a 45 - year - old
female, without surgical history, and with a blood trans-
fusion made during natural childbirth. No other acute or
chronic known pathology was related. After the positive di-
agnosis of chronic hepatitis B fixed in 2007, the onset of an-
tiviral therapy with entecavir was started in January 2009.
At that time, the serum profile of the patient documented
the following results: HBsAg positivity, anti - HBSAb nega-
tivity, HBeAg negativity, anti - HBe Ab positivity, anti - HBc
IgG Ab positivity, and viral load of 25 X 10° Ul/mL. No ev-
idence of D or C viral infections was present. Since then,
the patient was followed - up every six months, according
to EASL recommendations: Transaminases (ALT/AST), viral
markers (quantitative HBsAg and HBsAb, using ECLIA im-
munoassay), viral load (quantitative DNA - VHB by PCR) alfa
- fetoprotein, and abdominal ultrasound. Other supple-
mentary viral markers, such as HBeAg and anti - HBe Ab,
were followed annually, in order to detect a possible “e”
sero - reversion. The researchers observed a rapid decline
of HBV - DNA level at 6 months, the value being around
55 Ul/mL, associated with a quantitative level of HBsAg of
4356 Ul/mL. The quantitative level of HBsAg showed a plate
pattern of evolution, while the viral load became unde-
tectable. After 5 years of evolution, the titer of anti - HBsAb
started to increase, from 2 UI/mL to 5 UI/mL, with the same
value of quantitative HBsAg and the ‘e’ pattern remaining
unchanged. The researchers expected a viral clearance, ac-
cording to the usual evolution of HBV chronic infection.
After 6 months, the serum analysis showed a continuous
increase of antibodies titer, and the patient reaching the
level usually associated with immunity against B virus. Af-
ter another six months, the level of anti - HBsAb increased
at 50 UI/mL and after three years, this reached the level of
177 Ul/mL. Meanwhile, the quantitative titer of HBsAg re-
mained above 3600 UI/mL and “e” system was unchanged
(Table1). The researchers decided to investigate the genetic
structure of the patient’s HBV genome.

2.1. Statistics

A two - tailed Fisher test was used to compare cate-
gorical data provided by the lab results and obtained dur-
ing case evolution. Regression analysis was used to de-
fine the relationship between the same serum samples re-
sults and different moments of evolution. P values of <
0.05 indicated statistical significance. Table 1 summarizes
the laboratory results characteristics from baseline until
year eight. The anti - HBsAD titer revealed a significant in-
crease, while quantitative HBsAg, quantitative DNA - HBY,
and transaminases levels had a significant decrease be-
tween baseline and end of follow - up period (P = 0.031, ss,
P=0.040, ss,P=0.003, ss, respectively; P = 0.028, ss)

2.2. Genetic Assays Methodology

This research studied the relationship between the
variability of the HBV S gene and the paradoxical serologi-
cal profile of the case. Studies suggest that “a” determinant
is responsible for the stability and immunogenicity of HB-
sAg, and amino acid mutations located in this area are re-
sponsible for escape mutants (4). Other studies infirm this
hypothesis and affirm that simultaneous appearance of
HBsAg and anti - HBsAD could be related to the weak bind-
ing of anti- HBsAb to HBsAg, caused by structural and func-
tional alterations in the HBVreverse transcriptase; this hav-
ing a potential influence on viral replication capacity and
efficacy of antiviral drugs (13).

To analyze the genetic spectrum of the patient HBV
- DNA, the serum HBV DNA level was measured using
the COBAS TagMan HBV Monitor Test (Roche Diagnostics,
Branchburg, NJ), with a lower limit of detection of 20
[U/mL (100 copies/mL). Then, the viral DNA was extracted
from 200 pL of serum, using the QlAamp DNA blood mini
kit (Qiagen, Germany). The amplification and sequencing
of full DNA length was done by the rolling circle amplifi-
cation (RCA) technique, which amplifies the full - length
of HBV genome using eight primers (14). Hepatitis B Virus
genotype was determined using the NCBI genotyping tool
and phylogenetic analysis.

3. Results and Discussion

The patient was proved to have D geno-
type after comparing with genotype - matched
HBV  sequences using NCBI  Website (http:/|

www.ncbi.nih.gov/projects/genotyping/view.cgi?db=2)
(Table 2).

The DNA analyzes showed mutations in the “a” deter-
minant located at codon positions 129 and 134 within the
major hydrophilic region (MHR) of the HBsAg. The muta-
tions were represented by sQ129R and sI134T; amino acid
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Table 1. Biological Profile of the Study Patient

Biological Test Intervals of Biological Evaluation
Diagnosis Time - Onset of 24 Weeks of 72 Weeks of 5 Years of 8 Years of
Baseline Treatment Treatment Treatment Treatment Treatment
CBC
BC (X 10°/mmc) 6.2 6.4 6.2 6.9 5.7 5.8
Hb (g/dL) 131 13.8 133 12.9 13.0 12.8
LT (x10°/mmc) 178 163 169 155 151 149
HBsAg
quantitative 5281 UI/mL 7341UI/mL 4356 UI/mL 4041UI/mL 3892 UI/mL 3689 Ul/mL
anti- HBsAb < 2UI/mL, < 2UI/mL, < 2UI/mL, < 2UI/mL, 5 UI/mL, negative 177 UI/mL, positive
negative negative negative negative
HBeAg negative negative negative negative negative
anti - HBeAb positive positive positive positive positive
HBV-DNA
IU/mL 6 X 10° 25 X 10° 55 <20 undetectable undetectable
cp/mL 34.92 X 10°? 145.5 X 10°° 3201 873°
AFP (ng/mL) 0.7 0.6 0.7 0.9 1.0 14
ALT (UI/mL) 69 85 61 48 27 19
AST (UI/mL) 64 77 52 33 22 15
TB (mg/dl) 11 13 12 1.0 0.9 1.01
DB (mg/dl) 0.9 11 11 07 0.6 0.78
GGT (UI/mL) 51 50 49 45 43 44
ALP (UI/mL) 155 161 160 156 142 139

Abbreviations: AFP, alpha fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DB, direct bilirubin; GGT, gamma

glutamyl transpeptidase; Hb, hemoglobin; HBV, hepatitis B virus; TB, total bilirubin.
?Exchange rate for viral load: cp/mL=1U/mL X 5.82

(aa) substitutions being attributed to interfere with host
immunogenicity (Table 2).

Epidemiologic data from different geographic areasre-
garding the co - existence of undetected HBsAg variants in
conjunction with positive DNA (PCR detected) in chronic
patients or vaccinated children have an increasing pattern
(15). Mutations within the S gene are related to occult hep-
atitis B infections, reactivation of hepatitis B (16, 17), di-
agnostic assay failure (12, 16) and reinfection in HBV - in-
fected recipients of Orthotopic Liver Transplant (OLT) (18,
19). These issues create concerns and impose a challenge
for public health providers because occult HBV infection
can spread without any control (20) and transmits both
horizontally and vertically (21, 22).

The persistence of HBsAg associated with anti - HBsAb
occurs in 10% to 25% of patients with Chronic Hepatitis
B (CHB), the underlying mechanism being related to the
selection of immune escape mutants (23). The Major Hy-
drophilic Region (MHR) of the S gene contains the “a” de-
terminant located between amino acids, at positions 122
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and 160. The mutations can disrupt the antigenicity of HB-
sAg in many ways, altering the structure of HBsAg and dis-
rupting the binding of polyclonal antibodies. Mutations in
the above region are responsible for modifications of pro-
tein physical and chemical properties (23-25). However, not
all mutations in the “a” determinant may lead to escape
mutants and loss of HBsAg, yet can influence the serum
profile of patients (25, 26).

In the current study, mutations represented by sQ129R
and sl134T were responsible for HBV mutant escapes. The
common escape mutants profile reveals negative HBsAg
and positive anti - HBs, yet usually under the level of im-
munogenicity. What this case brings to attention is that
the S mutations occurred during NUCs treatment, trans-
forming the patient virus profile during the follow - up pe-
riod. The medical team was a witness of the continuous
increase of anti - HBsAb titer, which is usually equal to vi-
ral clearance, while HBsAg quantitative titer remained un-
modified. In addition, the viral load was undetectable dur-
ing the entire follow - up period. Genetic analysis showed
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Table 2. Primers and DNA Analyzes Results

Primers Used for HVB Sequencing

Upstream primer

Downstream primer

5’ -GTCACCATATTCTTGGGAAC-3 nt2818-2837

5’ CATATCCCATGAAGTTAAGG-3’ nt 888-869

Full length S Protein Description According to Structural and Functional Domains

N - terminal region

AAlocated between positions 1-99

MHR AAlocated between positions 100-169

“a” determinant
C-terminal region
Mutations Discovered Over the a Determinant of S gene

“a” determinant

AAlocated between positions 124-147

AAlocated between positions 170-226

codon129,Q—R

codon 134, [—T

Abbreviations: HBV, hepatitis B virus; MHR, major hydrophilic region.

that positive HBsAg and anti - HBsAb profile of HBV have
little variation in the S gene if the viral load is high, but
greater variability if the viral load was low, leading to se-
lection of escape mutants (23). cccDNA stability and HBV
- DNA integration potentially lead to synthesis and secre-
tion of HBsAg into the serum, yet without detectable HBV
- DNA. In case of HBV mutants, there are changes in the
mainframe helices compared to the loops’ structures. This
could be the explanation of the current patient’s genetic
pattern. The escape mutants characterized by the above
mutations are responsible for the concomitance of HBsAg,
undetectable viral load, and high titers of HBsAb. In this
particular case, the occurrence of mutations could be re-
lated tolong - term treatment with NUCs. Nowadays, physi-
cians focused on antiviral treatment against B virus are
challenged by more and more resistant cases.

3.1. Conclusions

The coexistence of HBsAg and anti - HBsAD is associ-
ated with an increase of “a” determinant variability, sug-
gesting a selection of HBV immune escape mutants. This
evolution can be a possible consequence of vaccine effi-
cacy, diagnosis methods or long - term NUCs treatment. In
this way, the clinical evolution of chronic hepatitis B re-
mains partially unknown. The S gene mutations responsi-
ble for escape mutant occurrence are responsible for the
paradoxical serum profile of the patient. The increased
titer of HBsAg, the presence of anti - HBsAb above the im-
munogenicity level, and undetectable viral load related to
sQ129R and sI134T aa substitutions should be considered a
possible model of evolution for chronic hepatitis B. Still,
genetic cohort studies made on HBV D genotype in chronic
infected patients are required to confirm this pattern of
evolution.
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Abstract

The prevalence of hepatopulmonary syndrome (HPS) in the setting of cirrhosis ranges
between 4 and 47% and its presence increases the mortality rate, especially when hypox-
emia is present. Our study aim was to fix whether there is a correlation of results between
two simple and non-invasive procedures such as transthoracic contrast-enhanced ultra-
sound (CEUS) and pulse oximetry, used for early detection of HPS in patients with liver
cirrhosis, having as endpoint the improvement in their outcome. The rapid lung enhance-
ment and delayed left ventricle enhancement of the saline solution, after at least three
systolic beats during CEUS and pulse oximetry showing a SaO, < 95%, were correlated
and considered positive for the diagnosis of HPS. One hundred and sixty-five (44%) of
the total of 375 patients diagnosed with liver cirrhosis enrolled in the current study, with
or without respiratory symptoms (dyspnea, clubbing, distal cyanosis, cough and/or spi-
der angioma), showed positive criteria for HPS diagnosis during CEUS. SaO, < 95% and
PaO, <70 mmHg were found in 123 patients (33%) during pulse oximetry investigation.
Pearson correlation index showed a good correlation between lung and heart CEUS find-
ings and pulse oximetry (r=0.97) for HPS diagnosis. CEUS and pulse oximetry results
correlate and rapidly diagnose HPS, a highly fatal complication of liver cirrhosis (LC),
guiding the future treatment by speeding up orthotopic liver transplant OLT recommen-
dations to improve the survival rates.

Keywords: transthoracic contrast-enhanced ultrasonography, pulse oximetry, liver
cirrhosis, hepatopulmonary syndrome, hypoxemia
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1. Introduction

The hepatopulmonary syndrome (HPS) represents a complication of liver cirrhosis character-
ized by a gross dilatation of the pulmonary precapillary and capillary vessels, an increase in
the number of dilated vessels, portopulmonary anastomoses, pleural and pulmonary arterio-
venous shunts. It can be diagnosed when the triad represented by liver disease, impaired oxy-
genation and intrapulmonary vascular abnormalities, referred to as intrapulmonary vascular
dilatations (IPVDs) coexist [1]. The prevalence of pulmonary complications associated with
liver cirrhosis ranges between 4 and 47%, worsening the evolution and prognosis, especially
when hypoxemia is present [2, 3]. According to the medical literature focused on the current
topic, 23% of patients with HPS have an average survival rate around 24 months, compared
to 63% of patients without HPS. Survival can be further worsened in case of comorbidities
or advanced age [4]. Respiratory signs and symptoms are common in patients with liver cir-
rhosis, no mater the stage of the disease. Intrapulmonary vascular complications of liver cir-
rhosis consist of hepatopulmonary syndrome (HPS) and portopulmonary hypertension. HPS
appears when intrapulmonary blood shunting impairs arterial gas exchange [5], and por-
topulmonary hypertension occurs when pulmonary arterial constriction leads to increased
pulmonary arterial pressure [6]. The later, although rare, can cause pulmonary complication,
which worsens the morbidity and mortality in patients with liver dysfunction. The outcome of
patients with advanced liver disease, complicated with pulmonary involvement, can be infu-
enced even in the seting of orthotopic liver transplant, due to chronic hypoxemia installed
during the evolution of cirrhosis infuencing the prognosis. A key factor in the diagnosis of
HPS is the exclusion of causes other than HPS that may be involved in cirrhosis and charac-
terized by hypoxemia (cardiopulmonary abnormalities, pulmonary atelectasis, pneumonia,
ascites, pulmonary edema or hepatic hydrothorax) [7]. The challenge for physicians working
in the Feld of hepatology is to raise the idea of establishing new methods for a conventional,
rapid and simple diagnosis of pulmonary involvement during the evolution of liver cirrhosis,
in order to improve as much as possible the outcome of possible curative treatment.

HPS is defned by a widened alveolar-arterial oxygen gradient (age corrected) in room air,
with or without hypoxemia. It results from intrapulmonary vascular dilatations in the pres-
ence of hepatic dysfunction and/or portal hypertension [8, 9].

The development of pulmonary vascular dilatation has as pathogenic mechanism a pulmo-
nary overproduction of endogenous nitric oxide (NO) [10]. According to studies focused on
the topic in the last two decades, a theory can be formulated according to which endothelin-1
and tumor necrosis factor-a may play a role in pulmonary microvascular tone modulation
[11, 12]. The contributing factors to the process of pulmonary microvascular dilatation in HPS
include angiogenesis, vascular remodeling, pulmonary arteriovenous shunts and portopul-
monary venous anastomoses [13, 14].

Trough this pathogenic mechanism, the rapid or direct passage of mixed venous blood into
the pulmonary veins is responsible for the pulmonary vascular dilatation. The mismatch of
ventilation-perfusion sequence produces a defcit in the blood oxygenation. The inhibition of
hypoxic vasoconstriction produces an increased blood fow and preserved alveolar ventilation.



Correlation Between Transthoracic Contrast-Enhanced Ultrasound and Pulse Oximetry...
http://dx.doi.org/10.5772/intechopen.68550

The alveolar-arterial oxygen tension diference—=15, or 220 mmHg for patients aged >64 is
considered as a very sensitive index of early arterial deoxygenation in HPS, and this diference
being overload before arterial oxygen tension becomes abnormally low [8]. On the other hand,
the alveolar-capillary interface is too wide to allow for complete equilibration of carbon mon-
oxide with hemoglobin, thus being translated in reducing the difusing capacity of the lungs
for carbon monoxide.

Patients complain of symptoms correlated not only with the subsequent liver disease, but also
with the respiratory signs and symptoms, usually revealing dyspnea and cyanosis. The man-
agement of these patients requires the exclusion of other causes for such respiratory symptoms,
because chronic obstructive pulmonary disease and pulmonary fbrosis can coexist in approxi-
mately 30% of patients with HPS [15]. Dyspnea (iplatypneaT) and hypoxemia (iorthodeoxiaT)
are characteristically worsened in the upright position and improved by lying supine, result-
ing from a gravitational increase in blood fow through dilated vessels in the lung bases [16].

According to the pathogenic defnition, the diagnosis of HPS requires evidence of pulmo-
nary vascular dilatation and hypoxemia, with no cardiopulmonary disease history. To stage
the severity of the disease, it is required to investigate the arterial blood gas tension at rest,
while breathing room air and in the siting position. A sensitive and non-invasive tool for the
detection of pulmonary vascular dilatation is the contrast-enhanced transthoracic echocar-
diography after injection of hand-agitated normal saline. During the frst pass, microbubbles
are physiologically trapped and absorbed by alveoli, and they should not be seen in the left
atrium. The passage of saline microbubbles through abnormally dilated lung vessels requires
more than three cardiac cycles to reach left heart chambers [17]. In contrast, the immediate
enhancement of saline microbubbles in the left atrium raises the suspicion of an intracar-
diac right-to-left shunt [18]. The alternative to CEUS investigation is scintigraphic perfusion
scanning, which uses the technetium-99-labeled albumin macroaggregates >20 um in diam-
eter. The uptake of tc-99-labeled albumin macroaggregated in other organs occurs in case of
right-to-left shunt, while the trapping of albumin macroaggregates in pulmonary circulation
is characteristic for HPS [19].

The present management of HPS lacks of efFcient therapy solutions, until the OLT is avail-
able. Starting from the pathogenic mechanism, physicians investigated several classes of
drugs such as B-blockers, cyclo-oxygenase inhibitors, systemic corticosteroids, cyclophospha-
mide, inhaled NO, and NO inhibitors, but without a real beneft in oxygenation improve-
ment or pulmonary vascular dilatation. The only e®cient treatment in case of severe and
refractory hypoxemia is the oxygen supplementation, with complete resolution in more than
80%, according to study results [8, 20]. The presence of HPS oFers exception points in MELD
scoring and an advantage for patients to occupy beter places on waiting lists for OLT [21].
Without OLT, the prognosis for HPS is poor, with mortality around 41% of patients over a
mean period of 2.5 years [22]. The literature data do not provide reliable clinical predictors or
diagnosis guidelines for the outcome of HPS [23].

A retrospective cohort analysis of data submited to the United Network for Organ Sharing
studied the efects of room-air oxygenation of patients with HPS and the pre- and post-trans-
plantation outcomes. Patients with HPS were given MELD exception points and prioritized
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for liver transplantation due to their high pre- and post-transplantation mortality. Comparing
the overall survival rates of patients with and without HPS, transplant recipients with more
severe hypoxemia had increased risk of death after liver transplantation. The overall mortality
was significantly lower among waitlist candidates with HPS (hazard ratio = 0.82; 95% CI: 0.70-
0.96), having the OLT before the deterioration of tissue oxygenation and liver dysfunction, due
to exception MELD points given, which provided an advantage for a rapid transplant [24].

The aim of our study was a possible correlation between contrast-enhanced ultrasound
(CEUS) findings on heart and pulse oximetry, in order to early detect HPS, as a prognostic
factor for orthotopic liver transplant (OLT) success [25].

2. Methods

Demographic data, etiology and severity scores were recorded. For the diagnosis of HPS,
we used the classical triad: presence of chronic liver disease, an increased alveolar-arterial
oxygen gradient, and evidence of right-to-left intrapulmonary shunt (IPS) [26]. In order
to determine the HPS diagnosis, we used the classical charts provided by the guidelines
for transplant candidates (Table 1). The diagnosis of liver cirrhosis was based on clini-
cal, biochemical, ultrasound, and upper endoscopy criteria. The patients with liver cir-
rhosis were classified according to MELD scores, considering exception points according
to international recommendations. The contrast-enhanced echocardiography (CEUS) [27],
technetium-99m-labeled macroaggregated albumin (Tc-99m MAA) scanning [28], and
pulmonary arteriography are the current imagistic tools to diagnose the IPS. We corre-
lated transthoracic CEUS findings with pulse oxymetry as a screening test for detecting
IPS in 375 patients diagnosed with liver cirrhosis between December 2009 and June 2016
in Gastroenterology Department of Clinical Emergency Hospital “St Apostle Andrew” of
Constanta County.

Criteria Data requirements
Strict HPS criteria Alveolar-arterial gradient >15 mmHg, or 220 mmHg if age older than
60 years

Intrapulmonary shunting on transthoracic echocardiogram or >6% shunt
fraction on macroaggregated albumin scan

No evidence of severe restrictive or obstructive pulmonary disease

Hypoxia/hypoxemia+ IP shunts Hypoxemia defined as:
¢ PaO, <70 mmHg on room air or

¢ DPulse oximetry <96% (room air or supplemental O,)

Intrapulmonary shunting (right - left bubbles on echocardiogram after
three cardiac cycles and/or free text stating “intrapulmonary shunting”)

No evidence of concurrent cardiopulmonary disease

Table 1. Inclusion criteria defining OLT waitlist candidates with HPS based on exception narrative data [28].
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All patients were examined by chest X-ray and pulmonary function tests (to rule out common
intrinsic pulmonary disorders such as chronic obstructive pulmonary disease). We used as a
contrast agent of hand-agitated saline solution, in order to produce microbubbles with a mean
diameter of up to 10 um injected through a peripheral vein. Unlike blood, microbubbles reso-
nate at a frequency similar to clinical transducer frequencies, which make ultrasounds to be
reflected. Under normal circumstances, only the right heart chambers are opacified, and the
microbubbles are trapped in the pulmonary capillaries (mean diameter, 8 um). The presence
of contrast in the left chamber suggests an arteriovenous connection. In patients with intra-
cardiac shunts, a small amount of contrast is usually recorded in the left chambers within 1 or
2 cardiac cycles after its appearance in the right-side chambers (early shunt). On the contrary,
late arrival of contrast in the left atrium after a time delay of 4-8 cardiac cycles is diagnostic
for HPS (delayed shunt) and is done by the time required for passage through the pulmonary
circulation [27]. Measurement of SaO, was performed with a portable pulse oximeter. In all
patients, the measurements were performed at ambient O, partial pressure in supine position.
We have chosen a SaO, value of <95% in order to detect all HPS patients with a PaO, <70. The
correlation of rapid lung enhancement and delayed left ventricle enhancement of the saline
solution, after at least three systolic beats in the left ventricle during CEUS and pulse oximetry
showing a SaO, < 95% was considered positive for the diagnosis of HPS [29].

3. Results

A total of 375 patients diagnosed with liver cirrhosis were enrolled in our study. The majority
of patients were male (251/375). The average age was 66.04 years (SD 8.81). The etiology of liver
cirrhosis was alcohol abuse in 39% (146/375) of patients, viral hepatitis B (VHB) in 28% (105/375)
of patients, viral hepatitis C (VHC) in 21% (79/375) of patients, and the rest of 12% (45/375) hav-
ing uncommon etiologies. Severity in MELD score divided our patients in three groups accord-
ing to which we could fix the prognosis and the need of transplantation (Table 2).

According to present international recommendations, we decided upon exception points
for those patients meeting the criteria for MELD exception: patients with PaO, < 60 mmHg
on room air at rest in the sitting position, arterial blood gas result provided, patients with
pulmonary vascular dilatation documented by a positive transthoracic contrast echocardiog-
raphy, patients with absence of significant alternative pulmonary disease to explain severe
hypoxemia (chest X-ray, pulmonary function tests, and chest computed tomography reports),
patients with moderate or severe pulmonary function tests changes or significant chest X-ray
abnormalities or MAA scan positive for intrapulmonary shunting) (Table 3). From the total
of 375 patients studied, 165 (44%) presented respiratory symptoms. Pulse oximetry showed
alterations, such as SaO, < 95% and PaO, <70 mmHg in 123 patients (33%). From 375 patients
diagnosed with LC, with or without present respiratory signs and/or symptoms (dyspnea,
clubbing, distal cyanosis, cough and/or spider angioma) referred to CEUS examination, 105
(28%) had rapid lung enhancement and delayed left ventricle enhancement of the contrast
agent (Figures 1-3). PaO, was less than 70 mmHg in all 105 HPS patients (100%) versus 12
(14.76%) of non-HPS patients (P <0.0001). Pearson correlation index showed a good correla-
tion between lung and heart CEUS findings and pulse oximetry (r=0.97) in HPS diagnosis.
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Variable HPS (no, %) Non-HPS (no, %)
Mean age (IQR) 66.04 +8.81 (95% CI, 58.44-74.85) 63.10+10.71 (95% CI, 61.55-64.65)
Gender

Males 128 (50.99) 123 (49.00)
Females 59 (47.58) 65 (52.41)

Race

Caucasians 92 (87.61) 243 (90)

Blacks 2 (1.90) 1(0.37)

Asians 11 (10.47) 26 (09.62)
Ethnicity

Romanian 51 (48.57) 173 (64.07)
Turcs/tatars 8 (7.61) 19 (7.03)
Moldavians 4 (3.80) 9(3.33)
Macedonians 31 (29.52) 42 (15.55)

Other 11 (10.47) 27 (10)

Primary diagnosis

HCV 27 (25.71) 52 (19.25)
HBV 31 (29.52) 74 (27.40)
Alcohol 39 (37.14) 106 (39.25)
HVD 5 (4.76) 18 (6.66)
Autoimmune 2 (1.90) 4(1.48)
NASH/criptogenetic 1(0.95) 9(3.33)
Other rare causes - 5 (1.85)
MELD score, median (IQR) 14 (11-22) 16 (11-24)

MELD score categories

<15 47 (44.76) 156 (57.77)
15-20 34 (32.38) 76 (28.14)
>20 14 (13.33) 38 (14.07)

MELD exceptions

PaO, < 60 mmHG (22 pts) 5 (4.76) -
PaO, = 51-55 mmHG (24 pts) 4 (3.80) -
Pa0, < 50 mmHG (26 pts) 1(00.95 -
History of ascites 84 (80.00) 229 (84.81)
History of liver decompensations 74 (70.47) 172 (63.70)

Table 2. Baseline clinical and demographic characteristics of HPS and non-HPS patients.
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PaO, Exception points for MELD scoring for HPS
56-59 mmHg 22 MELD points
51-55mmHg 24 MELD points
<50 mmHg 26 MELD points

Table 3. Allocation of exception points for HPS in MELD scoring system [28].

Figure 1. Contrast-enhanced echocardiogram. Apical four-chamber view before contrast injection.

Figure 2. Contrast-enhanced echocardiogram. Apical four-chamber view after contrast injection (agitated saline)
showing the presence of bubbles in the right chambers and no bubbles in the left chambers after the frst sistola.
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Figure 3. Contrast-enhanced echocardiogram. Apical four-chamber view after contrast injection (agitated saline)
showing the presence of bubbles in the right heart chambers and the appearance of bubbles in the left heart chambers,
late, after the forth sistola.

4. Discussion

HPS was defined as a triad of portal hypertension with or without hepatic dysfunction, intra-
pulmonary vascular dilatation or shunting, and hypoxemia [30]. Hypoxemia was defined by
PaO, cutoff level of less than 70 mmHg in an arterial blood sample to pick up these patients
for further evaluation by CEUS. This arterial PO, cutoff level was suggested by previous
researchers [31], who found that patients with PaO, of more than 70 mmHg were unlikely to
have HPS.

In the current study, among 375 patients diagnosed with liver cirrhosis, 105 patients (28%)
met the clinical, laboratory and imagistic criteria of HPS. HPS shows a wide variability in
prevalence in different studies, ranging from 4 to 47% among cirrhotic patients [1, 4, 32],
depending on the diagnostic criteria and the cutoff levels used for hypoxia. In our study,
PaO, was less than 70 mmHg in 100% of HPS patients versus 12% of non-HPS patients, in
which pulmonary function tests were used to diagnose chronic intrinsic pulmonary disease.
All patients with positive CEUS findings had arterial PaO,<70 mmHg and were qualified for
the diagnosis of HPS. CEUS was proved by previous investigators to be a useful sensitive and
specific screening test for HPS even in early stages of liver dysfunction and even in whom
the lung scintigraphy was still negative [33]. Some authors suggested transesophageal CEUS
as a gold standard [34, 35]. However, others argued that transthoracic CEUS has the same
accuracy as transesophageal CEUS in determining the presence of right to left shunt. Proper
timing of left atrial opacification by microbubbles during the cardiac cycle was considered
a distinguishing step in the transthoracic CEUS between intracardiac and intrapulmonary
shunting [36]. Transesophageal CEUS might have higher sensitivity than transthoracic CEUS
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because it allows the contrast to be seen when entering from the pulmonary veins [37, 38].
However, transthoracic CEUS is diagnostic in the majority of cases. In addition, esophageal
varices are relatively common in these patients, and this can be considered as a relative con-
traindication in transesophageal CEUS performing [29, 39].

According to their correlated results, the transthoracic CEUS and pulse oximetry could be
inserted in the algorithm of liver cirrhosis staging, in order to select those patients in need
for a more rapid indication of OLT. Both methods provide data regarding the pulmonary
dysfunction during liver cirrhosis evolution, improving the outcome after OLT, especially in
HPS patients with moderate or severe hypoxemia. The presymptomatic stage of HPS can be
correctly diagnosed using the combination of these two methods, making the algorithm of
liver cirrhosis staging more accurate.

5. Conclusion

Our study showed a good correlation between lung and heart CEUS findings and pulse oxim-
etry in HPS diagnosis. When correlated, these two simple, non-invasive, low-cost and rapid
methods can easily diagnose HPS, a highly fatal complication of liver cirrhosis, which can
worsen the outcome of patients even after OLT.
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Abstract

Cancer and diabetes are two major health problems worldwide, and incidence is increasing
globally for both diseases. Type 2 diabetes is characterized by hyperinsulinemia and insu-
lin resistance and the efect of insulin and insulin growth factor | on cancer development
and progression have been demonstrated in animal and human studies. The relationship
between diabetes and cancer was reported for more than 60 years. Many epidemiologi-
cal studies conducted over time suggested the association between diabetes and cancer.
Epidemiological studies show an increased risk in type 2 diabetic patients for colon, breast,
liver, pancreas, bladder cancers and non-Hodgkin’s lymphoma, and a decrease risk for
prostate cancer. Lung cancer does not appear to be related to diabetes and for renal cancer
data are inconclusive. Diabetes, beside the fact that it is an independent risk factor for dif-
ferent type of cancer, can also have an impact on prognosis of cancer, and studies shown
an increased cancer mortality in patients with diabetes.

Keywords: diabetes, cancer, hyperinsulinemia, insulin resistance

1. Introduction

Cancer and diabetes are two major health problems worldwide, and incidence is increas-
ing globally for both diseases. In 2012, 14.1 million new cancer cases and 8.2 million death
occurred worldwide, and the number of cases and deaths is expected to grow as popula-
tions adopt lifestyle behaviors that increase the cancer risk [1, 2]. Diabetes is also an important
health problem associated with severe complications, and its growing worldwide In 2014 was
estimated that 422 million adults were living with diabetes, the prevalence of diabetes globally
is 8.5% in adult population and caused 1.5 million death in 2012 [3]. Globally, cancer is the 2nd
cause of death, and diabetes is 12th cause of death [4]. The economic growth is accompanied
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by lifestyle westernization, characterized by physical inactivity, high-calorie diet and obesity
and may explain this change in incidence and mortality of lifestyle related diseases such as
diabetes, cancer and cardiac disease.

The relationship between diabetes and cancer was reported for more than 60 years. Theodore
Tuffier, a French surgeon, is probably the first one to hypothesize the existence of a relation-
ship of type 2 diabetes mellitus and cancer risk in the second half of nineteenth century. He
observed that patients with type 2 diabetes have a greater risk of certain cancers than those
without diabetes and formulated some key questions: could diabetes affect the incidence of
cancer? could diabetes influence the natural history of cancer? and could cancer affect the
natural history of diabetes? [5].

Many epidemiological studies conducted over time suggested the association between diabetes
and cancer. Studies show an increased risk in type 2 diabetic patients for colon, breast, liver,
pancreas, bladder cancers and non-Hodgkin’s lymphoma [6-12], and a decrease risk for pros-
tate cancer [13]. Lung cancer does not appear to be related to diabetes and for renal cancer data
are inconclusive [14].

Diabetes, beside the fact that is an independent risk factor for different type of cancer, can also
have an impact on prognosis of cancer, and studies shown an increased cancer mortality in
patients with diabetes. A meta-analysis of 23 studies comparing the overall survival in cancer
patients with or without diabetes showed that diabetic patient have an increased mortality,
HR of 1.41 (95% (I, 1.28 to 1.55) compared to non-diabetic patients in all cancer types [15].

The majority of the studies that explore the relation between diabetes and cancer do not make
the difference between type 1 and type 2 diabetes. It is important to make that distinction,
because type 1 diabetes is an autoimmune disease and it is caused by destruction of pan-
creatic B cells with resultant insulin deficiency and hyperglycemia, and on the other hand
type 2 diabetes it appears because of peripheral insulin resistance and it is characterized by
hyperinsulinemia and {3 cell hyperplasia. These 2 entities differ also in the age of onset, type 2
diabetes occurs in adults patients, while type 1 diabetes is usually observed in young people.
Considering the differences in the physiopathology of these two diseases, it is important to
make diagnostic distinction before any conclusion is made about the association of diabetes
and cancer. But, the large majority of patients with diabetes have type 2 diabetes and most
study have been conducted on patients with diabetes at older age, this can extrapolate that the
majority of diabetic patients who develop cancer are patients with type 2 diabetes.

One Swedish study was conducted on patients with type one diabetes, but did not found an
increased risk for pancreatic, breast or colorectal cancer in this patients [16, 17].

2. Diabetes and cancer - common risk factors

Diabetes and cancer very often coexist in the same patients; up to 18% of patients with cancer
have also diabetes. Risk factors that are common for both diseases, diabetes and cancer are age,
obesity and overweight, physical inactivity, smoking [18]. An important problems is whether
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the association of diabetes with different type of cancer is related to common risk factor for both
diseases or diabetes with metabolic modification like insulin resistance and hyperinsulinemia
is responsible for the increased risk of cancer. More studies are needed to understand the role of
each component of lifestyle independent of other, to understand the relation between diabetes
and cancer.

2.1. Age

More than 60% of cancers are diagnosed in patients aged 60 years or more, and the prevalence
of diabetes is 17% in this age group; the coexistence of cancer and diabetes is expected to raise
as life expectancy increases [19, 20].

2.2. Obesity

Diabetes is known to be related with overweight and obesity, studies shown over the years a
strong association between obesity, insulin resistance and type 2 diabetes and early age diag-
nosis of diabetes is reported to be linked directly to obesity severity [21, 22]. Cancers most fre-
quently associated with obesity and overweight are breast cancer in postmenopausal women,
colon, pancreas, endometrium, gallbladder and liver, and may increase mortality in prostate
cancer [23, 24].

The association between weight loss and decreased risk of diabetes was strengthened by
numerous studies. A randomized, prospective, multicenter Diabetes Prevention Trial, shown
that lifestyle intervention and physical activity was associated with 58% reduction in inci-
dence of diabetes in high risk individuals [25].

The relation between weight loss and cancer risk is not that clear, and most data are derived
from breast cancer studies, and in this studies association observed was very weak [26]. The
Nurses” Health Study shown a statistical significant association between weight loss and
decrease incidence of breast cancer, if the weight loss is maintained for more than 4 years [27].

2.3. Physical inactivity

Data from epidemiologic observational studies shown that physical activity is associated with
lower risk of colon, breast and endometrial cancers, and may help to prevent lung or prostate
cancer, but in this case the link is not yet established [28-31].

A protective role of increased physical activity in diabetes metabolism and outcomes has been
demonstrated in studies. Data from observational studies suggest that approximately 30 to
60 minutes of moderate-intensity physical activity, at least 5 days per week reduces substan-
tially, with 25-36%, the risk of developing type 2 diabetes [18, 32].

2.4. Smoking

Smoking is a well-known risk factor for lung cancer incidence and mortality. Other types
of cancer that is known to be associated with cigarette smoking are cancer of larynx, upper
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digestive tract, bladder, pancreas, liver, kidney and uterine cervix. Studies have shown that
smoking is an independent risk factor for diabetes, and it is well known to act as an adverse
effect on diabetes complications [33, 34].

2.5. Alcohol consumption

Alcohol consumption increases the risk of many type of cancers, oral cavity, pharynx, colon,
liver and female breast. For diabetes, increased alcohol consumption is a considered a risk, but
moderate consumption was associated with reduced incidence of diabetes in both men and
women [35, 36].

3. Mechanisms underlying diabetes and cancer

Carcinogenesis is a very complex process in which normal cells must undergo multiple genetic
modification in order to appear malignant phenotype and invasion and metastasis occurs. This
process of carcinogenesis is divided in three steps. First step is initiation, this is the irreversible
step toward cancer, second step is promotion, the stimulation of growth of initiated cells, and
the third step is progression. Any factors that have the capability to affect one of these steps
could be associated with cancer incidence and mortality.

Diabetes may have an effect on carcinogenesis process by multiple mechanisms: hyperinsu-
linemia, either is exogenous due to administration of insulin or endogenous due to insulin
resistance, hyperglycemia or chronic inflammation [18].

There are many epidemiologic evidence that support the link between diabetes and cancers.
Diabetes and cancer may be related simply because these two diseases share common risk factors
such as obesity, diet, physical inactivity, but several biologic mechanism have been described
that may strengthen this link between diabetes and cancer.

Information regarding biologic mechanism is from in vivo and in vitro studies, research is ongo-
ing currently to provide more clear understanding of these possible mechanisms, and the infor-
mation from these studies may be important for prevention of the disease and management of
the patient.

3.1. Hyperinsulinemia

Insulin and insulin-like growth factor (IGF) receptors form a complex network of cell surface
receptors and majority of cancer cells express these receptors. The A isoform is commonly
expressed on cells, and can stimulate insulin-mediated mitogenesis, even in cells that do have
a deficiency in IGF-I receptors, and in addition to this function, the insulin receptor is capable
to stimulate cell proliferation and to promote metastasis [18, 37, 38]. Interaction of insulin
receptors or IGF-I receptors with their ligands activate multiple pathways, that can stimu-
late proliferation, resistance to apoptotic stimuli, invasion and metastasis. IGF-I have more
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important anti-apoptotic and mitogenic activities than insulin, and could act as growth factor
in pre-neoplastic or cancer cells that express insulin and IGF-I receptors. In cancer cells these
receptors are over-expressed and many cancer cell lines have been shown to be very respon-
sive even to the mitogenic efect of normal concentrations of IGF-I [397i41].

High levels of IGF-1 have been associated with an increased risk of postmenopausal breast
cancer, colon and prostate cancer [18, 42, 43].

Itis also possible that hyperinsulinemia may promote carcinogenesis by indirect mechanisms.
Insulin reduces the hepatic production of insulin growth factor binding protein (IGFBP) and
this will lead to increased levels of circulating free IGF-I.

Hyperinsulinemia have an indirect efect on reduction in hepatic production and blood levels of
sex-hormone binding protein, which increase bioavailability of estrogen in both man and women
and also increase bioavailability of testosterone in women which is also link to cancer, but not in
man [18, 44].

In postmenopausal women, body fat is the primary site of estrogen synthesis, and obesity is
related to high levels of serum estrogen this will increase the risk for breast and endometrial
cancers in women who do not use hormonal replacement therapy [45].

3.2. Hyperglycemia

The link between efect of hyperglycemiaand cancer is still unclear. Hyperglycemia increases
production of free radicals which could lead to oxidative damage to DNA and mutation in
oncogenes and tumor suppressor genes [18]. Research is still unclear about whether high
levels of circulating glucose fuels malignant growth.

The recent interest in Warburg hypothesis emphasize the dependence of many cancers on
glycolysis, creating a high requirement for glucose, so called iglucose addiction, T because
ATP generation glycolysis requires more glucose than oxidative phosphorylation. This is the
basis for F-furodeoxyglucose—positron emission tomography (PET) of cancer, that detects
tissues with high glucose uptake [46].

Studies correlating hyperglycemiawith cancer do not indicate that the high level of glucose itself
mediate this correlation, because chronic hyperglycemia is associated with insulin resistance
and often with excess of body fat, and hyperglycemia may act as surogate [18].

3.3. Chronic infammation

Type 2 diabetes and obesity are characterized by chronic infammation that increases the pro-
duction of free radicals. This can disrupt insulin signaling and damage DNA. Adipose tis-
sue is an active endocrine organ and is producing interleukin-6 (IL-6), plasminogen activator
inhibitor-1 (PAI-1), adiponectin, leptin and tumor necrosis factor-a (TNF-a). All of these fac-
tors may play a role in malignant transformation and cancer progression, and some of these
roles are well known [47].
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4. Diabetes treatment and cancer

Type 2 diabetes is treated with diferent types of medications, so it may be a link between
these drugs and the risk of cancer. Anti-diabetic medication includes drugs that increase
insulin in circulation (insulin and sulfonylureas) and drugs that improve insulin action and
decrease insulin levels (metformin, thiazolidinediones). The central goal of diabetes man-
agement is glucose control, this minimize morbidity and mortality related to diabetes by
reducing diabetes associated complications. When selecting antidiabetic therapies, physi-
cian and patients consider several factors, these includes type of diabetes, glucose-lowering
potential of the antidiabetic agent, adverse efect of treatment, costs, patient characteristic
and comorbidities.

Type 2 diabetes represent the majority of diabetic population and account for 95% of diabetic
population and majority of studies were conducted on this patients. It is generally associated
with obesity and overweight in almost 80% of cases. In type 2 diabetes insulin resistance and
hyperglycemia are progressive [48, 49].

The majority of studies on antidiabetic treatment and cancer risk have limitations, one limitation
is that diabetic patients are treated with more than one antidiabetic agent, because of the pro-
gressive nature of type 2 diabetes. In this case is very difcult to assess an association between a
specifc antidiabetic drug and cancer risk [18].

There are 14 diabetes drugs available at this time, and data suggest a higher risk of cancer
development with pioglitazone, insulin and insulin secretagogues [50-53]. Metformin have
been identifed in several studies in the past few years to improve survival in patient diagnosed
with cancer and diabetes and to reduced cancer risk [54]. Insulin has been shown in studies
to have a direct proliferative efect; for the insulin analogues, further studies are needed to
determine the potential role in cancer proliferation.

5. Diabetes and site — specific cancer

5.1. Diabetes and breast cancer

Breast cancer is the leading cause death among females worldwide. An estimated 1.7 million
new cases and more than 500,000 deaths occurred in 2012 [2]. Risk factors for breast cancer
include age greater than 50 years, family history, genetics, female gender, Caucasian and
African American Race, obesity and hormonal factors such as menstrual history, nulliparity
and use of hormone replacement therapy [55].

The association of diabetes and breast cancer was studied extensively and appears to be con-
nected via activation of insulin-IGF pathway through hyperinsulinemia and dysregulation of
sex hormones [56, 57]. Cell proliferation in both normal human cell and in breast cancer cell
has been shown to be infuence by insulin. Insulin stimulates cell cycle progression and DNA
synthesis of MCF-7 breast cancer cells in vitro [58, 59].
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One mode of action of breast cancer gene 1 (BRCA-1) is a tumor suppressor activity which depends
on its ability to mimicry a cellular low-energy status, which is also known to block tumor cell
anabolism and suppress the malignant phenotype. Studies shown that increased physical activ-
ity and normal weight in young women and adolescence have been associated with significantly
delayed breast cancer onset for Ashkenazi Jewish women carrying BRCA-1 gene mutations [60].

Similar to animal model, human studies demonstrated a link between hyperinsulinemia and the
risk for breast cancer. One study, although was conducted on postmenopausal women without
diabetes, the Women’s Health Initiative, reported that fasting insulin levels, independent of obe-
sity, were strongly associated with breast cancer risk [61]. Studies conducted on women with
diabetes, demonstrated also the association between hyperinsulinemia and risk for breast cancer.
The Nurses” Health Study was conducted on women with type 2 diabetes and concluded that
women with type 2 diabetes had an elevated incidence of breast cancer, independent of body
adiposity and also that the risk was observed on women with estrogen receptor positive breast
cancer [62].

Other studies explored the relationship between type 2 diabetes and breast cancer mortality and
reported positive association. For example, prospective cohort study conducted by Coughlin
et al. [63] showed that diabetic patient had an increased risk of breast cancer mortality in com-
parison with controls. Several factors may contribute to the increased mortality in diabetic
breast cancer patients, these include delayed cancer diagnosis, suboptimal cancer treatments,
direct tumor promoting effects of hyperinsulinemia, and adverse effects of diabetes-related
comorbidities or certain antidiabetic medications [64].

In conclusion, several studies have demonstrated an increased risk of breast cancer and breast
cancer mortality in patients with type 2 diabetes and this may be related to biological effect
of diabetic state.

5.2. Diabetes and endometrial cancer

Worldwide in 2012, more than 500,000 women were diagnosed with uterine cancer, and the
mortality rate was 1.7 to 2.4 per 100,000 women [65]. In developed countries, uterine cancer is
the most common gynecologic neoplasia, counting over 50,000 new cases and over 10,000 deaths
from this disease every year [66—-68].

An important and well known risk factor for endometrial cancer is obesity. Other risk factors
are reproductive factors, hypertension, physical activity, exposure of endometrium to estrogen
unopposed by progesterone and diabetes.

In vitro studies have shown that endometrial cancer cells have an increased proliferation by
activation of IGF-], activation of insulin, and through the ovarian steroid hormone signaling
pathways, such as estrogen and androgen [68, 69]. Although is not known to exist a direct
correlation with insulin or IGF levels in endometrial cancer, additional factors such as ovar-
ian steroid hormones or inflammatory cytokines make difficult to confirm if there is a single
effect of insulin or IGF activation through insulin or IGF serum levels. Estrogen can activate
IGF-I receptor on endometrial cancer cells, this will increase cellular proliferation through
PI3K signaling, a link to IGF-I receptor activation [70]. The androgen receptor (AR) activated
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by the binding with androgen could also increase the proliferation of endometrial cells by the
Notch signaling pathway [66, 71]. Insulin resistance increases C-reactive protein (CRP) levels
and was associated with an increased risk of endometrial cancer in postmenopausal women
[66, 72]. This show that endometrial cancer could be associated with the chronic inflammation
that present in type 2 diabetes.

Obesity is a well-established risk factor form endometrial cancer, and due to close relationship
between obesity and type 2 diabetes it is important to distinguish and there a very few studies
that examined the effect of diabetes in endometrial cancer by body weight, and the findings in
this studies is inconsistent [73]. There are many studies that examine the association between
diabetes and the incidence of endometrial cancer, but only three studies adjusted for body mass
index (BMI) and one study reported a significant association of endometrial cancer risk and
diabetes [74, 75].

Association between diabetes and incidence of endometrial cancer and the potential effect
of modification by obesity and physical activity was prospectively examined in the Swedish
Mammography Cohort Study. Diabetes was associated with an increased risk for endometrial
cancer, and combination of diabetes with obesity and low physical activity was associated
with a further increased risk for endometrial cancer [76]. Interventions to reduce body weight
and increase physical activity may have important implications in terms of endometrial can-
cer and future management of diabetic subjects.

5.3. Diabetes and colorectal cancer

In 2012, there were an estimated 1.4 million new colorectal cancer cases and 693,900 deaths. The
highest colorectal cancer incidence rates in both males and females are in Japan, followed by
Europe, Oceania, and North America. The lowest rates are found in Africa, some Asian coun-
tries, and Latin America and the Caribbean [2].

Type 2 diabetes was suggested as a risk factor for colorectal cancer [77]. Mechanisms implicated
in this association are a slower bowel transit in patient with diabetes, that lead to increased
exposure to toxins, increased production of carcinogenic bile acids and hyperinsulinemia [78].

Hyperinsulinemia has been associated with insulin resistance, increased levels of growth fac-
tors, including IGF-1, and alterations in NF-_B and peroxisome proliferator-activated receptor
signaling, which may promote colon cancer through their effects on colonocyte kinetics and
was explored in most studies.

The Nurses” Health Study shown that patients with type 2 diabetes included in the study had a
relative risk for colorectal cancer of 1.43 [79]. Several studies shown an increased risk for colorec-
tal cancer in diabetic patients using insulin therapy [80] and also reported increased mortality in
diabetic patients with colorectal cancer aged over 30 [77].

In conclusion, both colorectal cancer risk and mortality appear to be increased in patients with
type 2 diabetes and hyperinsulinemia is mediating this association.
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5.4. Diabetes and pancreatic cancer

Cancer of the pancreas is one of the deadliest cancer types. Based on the GLOBOCAN 2012
evaluation it is estimated that pancreatic cancer is responsible for more than 330,000 deaths
per year, putting pancreatic cancer on the seventh place of leading causes of cancer death in
both sexes together. Worldwide, according to data available, more than 330,000 people had
pancreatic cancer in 2012, making it the 11th most common cancer, and the highest incidence
and mortality rates due to pancreatic cancer are found in developed countries [2].

The causes of pancreatic cancer are still insufficiently known, but certain risk factors have been
identified to have an impact in the development of pancreatic cancer. Risk factors implicated
in pancreatic cancer are smoking, obesity, genetics, diabetes, diet, physical inactivity [81].

Diabetes mellitus is associated with an increased risk of pancreatic cancer; data in literature
shown that both type I and type II diabetes have doubled the risk of pancreatic cancer [82].
Diabetes may be a risk factor for pancreatic cancer, but may also be the result of pancreatic
cancer itself. Mechanism implicated is hyperinsulinemia, insulin has been shown to promote
growth in pancreatic cell line and insulin resistance may enhance pancreatic carcinogen-
esis through enhanced proliferation of islet cells and increase cell turnover [83]. In type 2
diabetes exocrine pancreatic cells are exposed to high levels of insulin, and insulin act as
mitogen leading to tumor growth. But this does not explain the increased risk of pancreatic
cancer in type 1 diabetic patients and in patients treated with insulin therapy [84]. On the
other hand, pancreatic cancer can be the cause of diabetes, through islet cell destruction and
insulin resistance. It is not clear how pancreatic cancer can determine insulin resistance, but
has been shown that diabetic patients with pancreatic cancer have increased plasma levels
of islet amyloid polypeptide, a hormonal factor secreted by pancreatic cells that may cause
insulin resistance [85].

Insulin resistance may appear early in pancreatic cancer, and patients may be diagnosed with
diabetes long before developing sign or symptoms of pancreatic cancer. This concept was intro-
duced by Gullo et al. [86]

In conclusion, further studies are necessary to explain this complicated association between
diabetes and pancreatic cancer.

5.5. Diabetes and prostate cancer

Unlike others cancers that were discussed before, prostate cancer have been shown to have a
decreased incidence among type 2 diabetic patients, studies show a decreased risk for pros-
tate cancer in diabetic patients (9-16%) [87, 88].

High testosterone levels are associated with prostate cancer and type 2 diabetic patients com-
monly have low levels of testosterone, are obese and elderly and both are associated with low
levels of testosterone, and this may be one of the reason that can explain the negative associa-
tion with prostate cancer.
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Some studies have suggested that the link between prostate cancer and diabetes is mediated
by the effect of hyperinsulinemia on testosterone levels [89]. Other studies have shown a nega-
tive association between hyperglycemia, hyperinsulinemia and prostate cancer. For example,
Stocks and colleagues [90] in their prospective study reported that increased insulin resistance
and low glycemic control is associated with low risk for prostate cancer in diabetic patients.

Despite the fact that prostate cancer risk may be low in diabetic patients, they may have higher
risk for cancer related mortality than non-diabetic patients.

Prostate cancer is an important example of the complexity of carcinogenesis associated with
diabetes. On the one hand, an association between diabetes, IGF-1, hyperinsulinemia and insu-
lin resistance appears plausible, but on the other, these features can be somewhat counterbal-
anced as well and can reduce the risk for the development of one of the leading cancer entities
worldwide.

5.6. Diabetes and hepatic cancer

Hepatocellular carcinoma (HCC) represents the most common form of primary liver can-
cer. The association between HCC and type 2 diabetes was reported first 30 years ago, when
Lawson documented that type 2 diabetes is more prevalent in patients with HCC, irrespective
of viral hepatitis, alcoholic cirrhosis or hemochromatosis [91].

Since then, multiple studies have shown an association between type 2 diabetes and HCC, and
documented the increased risk for HCC in diabetic patients, independent of age, sex, obesity,
smoking, hypertension, presence of cirrhosis and hepatic steatosis [92-94].

The exact pathophysiological mechanisms linking type 2 diabetes and HCC are not completely
understood, but the understanding of HCC pathophysiology has improved in recent years.

It is well known that type 2 diabetes is associated with increased hepatic and peripheral insulin
resistance, lipotoxicity, increased oxidative stress and chronic low-grade inflammatory state,
and several studies suggest that all these factors may contribute to the development of HCC by
promoting hepatic cellular growth/proliferation and by inhibiting cellular apoptosis. In addi-
tion, in the presence of insulin resistance, insulin levels rise in blood, resulting in increased
insulin-like growth factor-1 (IGF-1) production that is capable to stimulate hepatic cellular
growth and proliferation and inhibit cellular apoptosis in the liver. Hyperinsulinemia also
stimulates insulin receptor substrate-1 (IRS-1), which plays an important role in the activation
of some intracellular cytokine signaling pathways implicated in hepatic carcinogenesis [95, 96].

There are ongoing studies trying to improve our knowledge about the pathophysiology of
HCC. Recently, we have evidence that suggest that gut microbiota alteration may play a role in
pathogenesis of type 2 diabetes [98], other studies reported some epigenetic alterations that might
be also important for HCC development, for example, the hypermethylation of the E-cadherin-1
(CDH-1) gene has been related to increased incidence of NAFLD-related HCC [95-97].
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6. Conclusions

Diabetes and cancer are common and serious global health problems, and incidence of both
diseases is increasing all over the world. Many studies have suggested the relationship between
diabetes and cancer and the fact that diabetes, may affect the risk of developing a variety of
cancers, and this association is also biological plausible.

It is important as a clinician to take in consideration all aspects when treating a cancer patient
who has diabetes. It is important to consider all complications, cardiac, neurologic and renal
complications that are commonly associated with diabetes. Continued improvement of can-
cer outcomes may be dependent also by the control of diabetes. Taking in consideration the
results of numerous epidemiologic and clinical studies involving diabetes and cancer, clini-
cians must also pay attention to the increased risk of new or longstanding diabetics for some
tumor entities by regularly screening diabetic patients for early development of cancer.

The association between diabetes and cancer is complex and need further studies.

It is an important health problem worldwide, and scientists, clinicians and politicians have
to develop national policies for early diagnosis and prevention of diabetes and cancer more
effectively, otherwise both diseases with their biologic and sociologic relationships could over-
whelm health systems.

Author details

Andra-lulia Suceveanu', Adrian-Paul Suceveanu?, Andreea-Daniela Gheorghe® and
Laura Mazilu®

*Address all correspondence to: andrasuceveanu@yahoo.com

1 Faculty of Medicine, Department of Gastroenterology, Emergency Hospital of Constanta,
Ovidius University, Constanta, Romania

2 Faculty of Medicine, Department of Internal Medicine, Emergency Hospital of Constanta,
Ovidius University, Constanta, Romania

3 Faculty of Medicine, Department of Oncology, Emergency Hospital of Constanta, Ovidius
University, Constanta, Romania

References

[1] International Agency for Research on Cancer Section of Cancer Surveillance. Cancer-
Mondial [cited 12-01-2015]. Available from: http://www-dep.iarc.fr/

129



130 Diabetes and Its Complications

[2]

[3]

[4]

[3]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, et al. GLOBOCAN 2012
v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet].
[cited 30-07-2015]. Available from: htp://globocan.iarc.fr

Global report on diabetes, World Health Organization. 2016. htp://apps.who.int/iris/
bitstream/10665/204871/1/9789241565257_eng.pdf

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional burden of
disease and risk factors, 2001: Systematic analysis of population health data. Lancet. 2006;
367:1747-1757. DOI: 10.1016/S0140-6736(06)68770-9

Tufer T. Diabete et neoplasmes. Archives Generales de Medecine. 1888;7:129-140

Jiang Y, Ben Q, Shen H, LuW, Zhang Y, Zhu J. Diabetes mellitus and incidence and mortal-
ity of colorectal cancer: A systematic review and meta-analysis of cohort studies. European
Journal of Epidemiology. 2011;26:863-876 [PubMed]

Larsson SC, Mantoros CS, Wolk A. Diabetes mellitus and risk of breast cancer: A meta-
analysis. International Journal of Cancer. 2007;121:856-862 [PubMed]

Ben Q, Xu M, Ning X, Liu J, Hong S, Huang W, Zhang H, Li Z. Diabetes mellitus and risk
of pancreatic cancer: A meta-analysis of cohort studies. European Journal of Cancer. 2011;
47:1928-1937 [PubMed]

Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, Li G, Wang L. Increased risk of hepa-
tocellular carcinoma in patients with diabetes mellitus: A systematic review and meta-
analysis of cohort studies. International Journal of Cancer. 2012;130:1639-1648 [PubMed]

Friberg E, Orsini N, Mantoros CS, Wolk A. Diabetes mellitus and risk of endometrial
cancer: A meta-analysis. Diabetologia. 2007;50:1365-1374 [PubMed]

Larsson SC, Orsini N, Brismar K, Wolk A. Diabetes mellitus and risk of bladder cancer:
A meta-analysis. Diabetologia. 2006;49:2819-2823

Mitri J, Castillo J, Pitas AG. Diabetes and risk of non-Hodgkin’s lymphoma: A meta-analy-
sis of observational studies. Diabetes Care. 2008;31:2391-2397. [PMC free article] [PubMed]

Kasper JS, Giovannucci E. A meta-analysis of diabetes mellitus and the risk of prostate can-
cer. Cancer Epidemiology, Biomarkers & Prevention. 2006;15:2056-2062 [PubMed]

Vigneri P, Frasca F, Sciacca L, Pandini G, Vigneri R. Diabetes and cancer. Endocrine-
Related Cancer. 2009;16:1103-1123. Abstract/FREE Full TextGoogle Scholar

Barone BB, Yeh HC, Snyder CF, Peairs KS, Stein KB, Derr RL, WolT¥ AC, Brancati FL. Long-
term all-cause mortality in cancer patients with preexisting diabetes mellitus: A system-
atic review and meta-analysis. JAMA. 2008;300:2754-2764. [PMC free article] [PubMed]

Zendehdel K, Nyrén O, Ostenson C-G, Adami H-O, Ekbom A, Ye W. Cancer incidence in
patients with type 1 diabetes mellitus: A population-based cohort study in Sweden. JNCI:
Journal of the National Cancer Institute. December 2003;95(23):1797-1800. DOI: 10.1093/
jnci/djg105



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Diabetes and Cancer: Is there a Link?
http://dx.doi.org/10.5772/intechopen.72081

Cannata D, Fierz Y, Vijayakumar A, LeRoith D. Type 2 diabetes and cancer: What is the
connection? Mount Sinai Journal of Medicine. 2010;77:197-213. DOI: 10.1002/ms;j.20167

Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur SM, Habel LA, Pollak M,
Regensteiner ]G, Yee D. Diabetes and cancer: A consensus report. CA: a Cancer Journal for
Clinicians. 2010;60:207-221. DOI: 10.3322/caac.20078

Aziz NM, Rowland JH. Trends and advances in cancer survivorship research: Challenge
and opportunity. Seminars in Radiation Oncology. 2003;13:248-266. DOI: 10.1016/51053-
4296(03)00024-9

CDC, Lance Armstrong Foundation. A National Action Plan for Cancer Survivorship:
Advancing Public Health Strategies. Atlanta, Georgia: U.S. Department of Health and
Human Services, CDC; 2004 Available at http://www.cdc.gov/cancer/survivorship/over-
view.htm

Schienkiewitz A, Schulze MB, Hoffmann K, Kroke A, Boeing H. Body mass index history
and risk of type 2 diabetes: Results from the European prospective investigation into can-
cer and nutrition (EPIC)-Potsdam study. The American Journal of Clinical Nutrition. 2006;
84:427-433 PubMed

Wei M, Gaskill SP, Haffner SM, Stern MP. Waist circumference as the best predictor of
noninsulin dependent diabetes mellitus (NIDDM) compared to body mass index, waist/

hip ratio and other anthropometric measurements in Mexican Americans—a 7-year pro-
spective study. Obesity Research. 1997;5:16-23. DOI: 10.1002/j.1550-8528.1997.tb00278

Ma], Li H, Giovannucci E, et al. Prediagnostic body-mass index, plasma C-peptide concen-
tration, and prostate cancer-specific mortality in men with prostate cancer: A long-term sur-
vival analysis. The Lancet Oncology. 2008;9:1039-1047. DOI: 10.1016/S1470-2045(08)70235-3

Pischon T, Lahmann PH, Boeing H, et al. Body size and risk of colon and rectal cancer in
the European prospective investigation into cancer and nutrition (EPIC). Journal of the
National Cancer Institute. 2006;98:920-931. DOI: 10.1093/jnci/djj246

Knowler WC, Barrett-Connor E, Fowler SE, et al. Diabetes prevention program research
group. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metfor-
min. The New England Journal of Medicine. 2002;346:393-403. DOI: 10.1056/NEJMoa012512

Eliassen AH, Colditz GA, Rosner B, Willett WC, Hankinson SE. Adult weight change and
risk of postmenopausal breast cancer. JAMA. 2006;296(2):193-201. DOI: 10.1001/jama.
296.2.193

Eliassen AH, Colditz GA, Rosner B, Willett WC, Hankinson SE. Adult weight change and
risk of postmenopausal breast cancer. JAMA. 2006;296:193-201

Lee IM. Physical activity and cancer prevention-data from epidemiologic studies.
Medicine and Sciencein Sports and Exercise. 2003;35:1823-1827. DOI:10.1249/01.MSS.0000
093620.27893.23

Friedenreich CM, Orenstein MR. Physical activity and cancer prevention: Etiologic evi-
denceandbiologicalmechanisms. TheJournalof Nutrition.2002;132:34565-3464S.PubMed

131



132

Diabetes and Its Complications

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Holmes MD, Chen WY, Feskanich D, Kroenke CH, Coldit GA. Physical activity and sur-
vival after breast cancer diagnosis. JAMA.. 2005;293(20):2479-2486. DOI: 10.1001/jama.293.
20.2479

Meyerhardt JA, Giovannucci EL, Holmes MD, et al. Physical activity and survival after
colorectal cancer diagnosis. Journal of Clinical Oncology. 2006;24:3527-3534. DOI: 10.1200/
JC0.2006.06.0855

Hamman RF, Wing RR, Edelstein SL, et al. Efect of weight loss with lifestyle interven-
tion on risk of diabetes. Diabetes Care. 2006;29:2102-2107. DOI: 10.2337/dc06-0560

Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active smoking and the risk of type
2 diabetes: A systematic review and meta-analysis. JAMA. 2007;298:2654-2664 [PubMed]

Haire-Joshu D, Glasgow RE, Tibbs TL. Smoking and diabetes. Diabetes Care. 1999;22:1887-
1898. DOI: 10.2337/diacare.22.11.1887

Howard AA, Arnsten JH, Gourevitch MN. Efect of alcohol consumption on diabe-
tes mellitus: A systematic review. Annals of Internal Medicine. 2004;140:211-219. DOI:
10.7326/0003-4819-140-6-200403160-00011

Baliunas DO, Taylor BJ, Irving H, et al. Alcohol as a risk factor for type 2 diabetes: A
systematic review and meta-analysis. Diabetes Care. 2009;32:2123-2213. DOI: 10.2337/
dc09-0227

Pollak M. Insulin and insulin-like growth factor signalling in neoplasia. Nature Reviews.
Cancer. 2008;8:915-928. DOI: 10.1038/nrc2536

Zhang H, Pelzer AM, Kiang DT, Yee D. Down-regulation of type I insulin-like growth factor
receptor increases sensitivity of breast cancer cells to insulin. Cancer Research. 2007;67:391-
397. DOI: 10.1158/0008-5472.CAN-06-1712

Frasca F, Pandini G, Scalia P, Sciacca L, Mineo R, Costantino A, Goldfne ID, Belfore A,
Vigneri R. Insulin receptor isoform a, anewly recognized, high-afnity insulin-like growth
factor Il receptor in fetal and cancer cells. Molecular and Cellular Biology. 1999;19:3278-
3288. [PMC free article] [PubMed]

De Meyts P, Christofersen CT, Urso B, Wallach B, Gronskov K, Yakushiji F, Shymko RM.
Role of the time factor in signaling specifcity: Application to mitogenic and metabolic
signaling by the insulin and insulin-like growth factor-lI receptor tyrosine kinases.
Metabolism. 1995:44(10 Suppl 4):2-11 [PubMed]

PapaV, Pezzino V, Costantino A, Belfore A, GiufridaD, FrititalL, Vannelli GB, Brand R,
Goldfne ID, Vigneri R. Elevated insulin receptor content in human breast cancer. The
Journal of Clinical Investigation. 1990;86:1503-1510. DOI: 10.1172/JC1114868

Chen W, Wang S, Tian T, et al. Phenotypes and genotypes of insulin-like growth factor
1, IGF-binding protein-3 and cancer risk: Evidence from 96 studies. European Journal of
Human Genetics. 2009;17(12):1668-1675. DOI: 10.1038/ejhg.2009.86



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[30]

[51]

[52]

[53]

[54]

[55]

[56]

Diabetes and Cancer: Is there a Link?
http://dx.doi.org/10.5772/intechopen.72081

Major JM, Laughlin GA, Krit-Silverstein D, Wingard DL, Barret-Connor E. Insulin-like
growth factor-1 and cancer mortality in older men. The Journal of Clinical Endocrinology
and Metabolism. 2010;95(3):1054-1059. DOI: 10.1210/jc.2009-1378

Calle EE, Kaaks R. Overweight, obesity and cancer: Epidemiological evidence and pro-
posed mechanisms. Nature Reviews. Cancer. 2004;4:579-591. DOI: 10.1038/nrc1408

World Cancer Research Fund, American Institute for Cancer Research. Food, Nutrition,
Physical Activity and the Prevention of Cancer: A Global Perspective. American Institute
for Cancer Research: Washington, D.C.; 2007. DOI: 10.1126/science.1160809

van Kruijsdijk RC, van der Wall E, Visseren FL. Obesity and cancer: The role of dysfunc-
tional adipose tissue. Cancer Epidemiology, Biomarkers & Prevention. 2009;18:2569-2578.
DOI: 10.1158/1055-9965.EP1-09-0372

Wu Y, Antony S, Meitler JL, Doroshow JH. Molecular mechanisms underlying chronic
infammation-associated cancers. Cancer Leters. 2014;345(2):164-173. DOI: 10.1016/j.
canlet.2013.08.014

Abbour S. Primary care physicians and insulin initiation: Multiple barriers, lack of
knowledge or both? International Journal of Clinical Practice. 2008;62:845-847. DOI: 10.11
11/j.1742-1241.2008.01757.x

Richard M et al. Type 2 diabetes: Assessing the relative risks and benefts of glucose-
lowering medications Bergenstal. The American Journal of Medicine. 123(4):374. €9 -
374.e18. DOI: 10.1016/j.amjmed.2009.07.017

Blin P, Lassalle R, Dureau-Pournin C, et al. Insulin glargine and risk of cancer: A cohort
study in the French National Healthcare Insurance Database. Diabetologia. 2012;55(3):644-
653. DOI: 10.1007/s00125-011-2429-5

Hemkens LG, Grouven U, Bender R, et al. Risk of malignancies in patients with dia-
betes treated with human insulin or insulin analogues: A cohort study. Diabetologia.
2009;52(9):1732-1744. DOI: 10.1007/s00125-009-1418-4

Chang C-H, Lin J-W, Wu L-C, Lai M-S, Chuang L-M. Oral insulin Secretagogues, insu-
lin, and cancer risk in type 2 diabetes mellitus. The Journal of Clinical Endocrinology &
Metabolism. July 2012;97(7):E1170-E1175. DOI: 10.1210/jc.2012-1162

Bowker SL, Majumdar SR, Veugelers P, Johnson JA. Increased cancer-related mortality
for patients with type 2 diabetes who use sulfonylureas or insulin. Diabetes Care. Feb
2006;29(2):254-258. DOI: 10.2337/diacare.29.02.06.dc05-1558

Monami M, Colombi C, Balzi D, et al. Metformin and cancer occurrence in insulin-treated
type 2 diabetic patients. Diabetes Care. 2011;34(1):129-131. DOI: 10.2337/dc10-1287

Key TJ, Verkasalo PK, Bancks E. Epidemiology of breast cancer. The Lancet Oncology.
2(3):133-140. DOI: 10.1016/S1470-2045(00)00254-0

Xue F, Michels KB. Diabetes, metabolic syndrome, and breast cancer: A review of the
current evidence. The American Journal of Clinical Nutrition. 2007 Sep;86(3):s823-35

133



134  Diabetes and Its Complications

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Larsson SC, Mantoros CS, Wolk A. Diabetes mellitus and risk of breast cancer: A meta-
analysis. International Journal of Cancer. 2007;121:856-862. DOI: 10.1002/ijc.22717

Ish-Shalom D, Christofersen C, Vorwerk P, et al. Mitogenic properties of insulin and
insulin analogues mediated by the insulin receptor. Diabetologia. 1997;40(Suppl 2):S25.
DOI: 10.1007/s001250051393

Chappell J, Leitner JW, Solomon S. Efect of insulin on cell cycle progression in MCF-7
breast cancer cells. Direct and potentiating infuence. The Journal of Biological Chemistry.
2001 Oct 12;276(41):38023-80. Epub 2001 Aug 10

Brunet J, Vazquez-Martin A, Colomer R, Grafia-Suarez B, Martin-Castillo B, Menendez
JA. BRCAL1 and acetyl-CoA carboxylase: The metabolic syndrome of breast cancer. Mole-
cular Carcinogenesis. 2008;47:157-163. DOI: 10.1002/mc.20364

Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan TE, Manson JE, Li J, Ho
GY, Xue X, Anderson GL, Kaplan RC, Harris TG, Howard BV, Wylie-Roset J, Burk RD,
Strickler HD. Insulin, insulin-like growth factor-I, and risk of breast cancer in postmeno-
pausal women. JNCI: Journal of the National Cancer Institute. January 2009;101(1):48-60.
DOI: 10.1093/jnci/djn415

Michels KB, Solomon CG, Hu FB, Rosner BA, Hankinson SE, Coldit GA, Manson JAE.
Type 2 diabetes and subsequent incidence of breast cancer in the nurses’ health. Study
Diabetes Care. Jun 2003;26(6):1752-1758. DOI: 10.2337/diacare.26.6.1752

Coughlin SS, Calle EE, Teras LR, Petrelli J, Thun MJ. Diabetes mellitus as a predictor of
cancer mortality in a large cohort of US adults. American Journal of Epidemiology. June
2004;159(12):1160-1167. DOI: 10.1093/aje/kwh161

DeCensi A, Gennari A. Insulin breast cancer connection: Confrmatory data set the stage
for beter care. Journal of Clinical Oncology. 2011;29(1):7-10

Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA: a Cancer Journal for
Clinicians. 2015;65:87

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA: a Cancer Journal for Clinicians.
2016;66:7

Joung KH, Jeong J-W, Ku BJ. The association between type 2 diabetes mellitus and
women cancer: The epidemiological evidences and putative mechanisms. BioMed Rese-
arch International. 2015;2015:920618. DOI: 10.1155/2015/920618

Mu N, ZhuY,Wang Y, Zhang H, Xue F. Insulin resistance: A signifcant risk factor of endo-
metrial cancer. Gynecologic Oncology. 2012;125(3):751-757. DOI: 10.1016/j.ygyno.2012.03.
032

Bruchim 1, Sarfstein R, Werner H. The IGF hormonal network in endometrial cancer:
Functions, regulation, and targeting approaches. Frontiers in Endocrinology. 2014;5:76.
DOI: 10.3389/fend0.2014.00076

Syed V, Ulinski G, Mok SC, Ho S-M. Reproductive hormone-induced, STAT3-mediated
interleukin 6 action in normal and malignant human ovarian surface epithelial cells.



[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

Diabetes and Cancer: Is there a Link?
http://dx.doi.org/10.5772/intechopen.72081

JNCI: Journal of the National Cancer Institute. April 2002;94(8):617-629. DOI: 10.1093/
jnci/94.8.617

Wang T, Rohan TE, Gunter MJ, et al. A prospective study of infammation markers and

endometrial cancer risk in postmenopausal hormone nonusers. Cancer Epidemiology,
Biomarkers and Prevention. 2011;20(5):971-977. DOI: 10.1158/1055-9965.EPI-10-1222

Crosbie EJ, Zwahlen M, Kitchener HC, Egger M, Renehan AG. Body mass index, hormone

replacement therapy, and endometrial cancer risk: A meta-analysis. Cancer Epidemiology,
Biomarkers & Prevention. 2010;19(12):3119-3130. DOI: 10.1158/1055-9965.EP1-10-0832

Friberg E, Mantoros CS, Wolk A. Diabetes and risk of endometrial cancer: A popula-
tion-based prospective cohort study. Cancer Epidemiology, Biomarkers & Prevention.
2007;16(2):276-280. DOI: 10.1158/1055-9965.EP1-06-0751

TerryP,BaronJA, WeiderpassE, YuenJ, Lichtenstein P, NyrénO. Lifestyleand endometrial
cancer risk: A cohortstudy fromthe Swedish twinregistry. International Journal of Cancer.
1999;82:38-42. DOI: 10.1002/(SIC1)1097-0215(19990702)82:1<38::AID-1JC8>3.0.CO;2-Q

Anderson KE, Anderson E, Mink PJ, Hong CP, Kushi LH, Sellers TA, Lazovich D,
Folsom AR. Diabetes and endometrial cancer in the lowa women’s health study. Cancer
Epidemiology, Biomarkers & Prevention. 2001;10(6):611-616. [PubMed]

Friberg E, Orsini N, Mantoros CS, Wolk A. Diabetes mellitus and risk of endometrial
cancer: A metaanalysis. Diabetologia. 2007;50:1365-1374

Larsson SC, Orsini N, Wolk A. Diabetes mellitus and risk of colorectal cancer: A meta-
analysis. JINCI: Journal of the National Cancer Institute. November 2005;97(22):1679-1687.
DOI: 10.1093/jnci/dji375

Will JC, Galuska DA, Vinicor F, Calle EE. Colorectal cancer: Another complication of
diabetes mellitus? American Journal of Epidemiology. May 1998;147(9):816-825. DOI:
10.1093/oxfordjournals.aje.a009534

Yakar S, Nunez NP, Pennisi P, Brodt P, Sun H, FallavollitaL, Zhao H, Scavo L, Novosyadlyy
R, Kurshan N, Stannard B, East-Palmer J, Smith NC, Perkins SN, Fuchs-Young R, Barret
JC, Hursting SD, Le Roith D. Increased tumor growth in mice with diet-induced obesity:
Impact of ovarian hormones. Endocrinology. December 2006;147(12):5826-5834. DOI:
10.1210/en.2006-0311

Yang YX, Hennessy S, Lewis JD. Insulin therapy and colorectal cancer risk among type
2 diabetes mellitus patients. Gastroenterology. 2004. DOI: 10.1053/j.gastro.2004.07.011

Boseti C, Bertuccio P, Negri E, La Vecchia C, Zeegers MP, Bofeta P. Pancreatic can-
cer: Overview of descriptive epidemiology. Molecular Carcinogenesis. 2012;51:3-13. DOI:
10.1002/mc.20785

Batabyal P, Vander Hoorn S, Christophi C, Nikfarjam M. Association of diabetes mellitus
and pancreatic adenocarcinoma: A meta-analysis of 88 studies. Annals of Surgical Oncology.
2014;21:2453-2462. DOI: 10.1245/510434-014-3625-6

135



136 Diabetes and Its Complications

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

Silverman DT, Schiffman M, Everhart ]J. Diabetes mellitus, other medical conditions and
tamilial history of cancer as risk factors for pancreatic cancer. British Journal of Cancer.
1999;80:1830-1837. DOI: 10.1038/sj.bjc.6690607

Stevens R], Roddam AW, Beral V. Pancreatic cancer in type 1 and young-onset diabetes:
Systematic review and meta-analysis. British Journal of Cancer. 2007;96:507-509. DOI:
10.1038/sj.bjc.6603571

Permert ], Larsson J, Westermark GT, Herrington MK, Christmanson L, Pour PM,
Westermark P, Adrian TE. Islet amyloid polypeptide in patients with pancreatic cancer
and diabetes. The New England Journal of Medicine. 1994, February 1994;330:313-318.
DOI: 10.1056/NEJM199402033300503

Gullo L, Pezzilli R, Morselli-Labate AM, the Italian Pancreatic Cancer Study Group.
Diabetes and the risk of pancreatic cancer. The New England Journal of Medicine. 1994,
July 1994;331:81-84. DOI: 10.1056/NEJM199407143310203

Bonovas S, Filioussi K, Tsantes A. Diabetes mellitus and risk of prostate cancer: A meta-
analysis. Diabetologia. 2004;47:1071. DOI: 10.1007/s00125-004-1415-6

Kasper JS, Giovannucci E. A meta-analysis of diabetes mellitus and the risk of prostate
cancer. Cancer Epidemiology, Biomarkers & Prevention. November 2006;15(11):2056-
2062. DOI: 10.1158/1055-9965.EP1-06-0410

Grossmann M, Thomas MC, Panagiotopoulos S, Sharpe K, Maclsaac R], Clarke S, Zajac
JD, Jerums G. Low testosterone levels are common and associated with insulin resis-
tance in men with diabetes. The Journal of Clinical Endocrinology & Metabolism. May
2008;93(5):1834-1840. DOI: 10.1210/jc.2007-2177

Stocks T, Lukanova A, Rinaldi S, Biessy C, Dossus L, Lindahl B, Hallmans G, Kaaks R, Stattin
P. Insulin resistance is inversely related to prostate cancer: A prospective study in northern
Sweden. International Journal of Cancer. 2007;120:2678-2686. DOI: 10.1002/ijc.22587

Lawson DH, Gray JM, McKillop C, et al. Diabetes mellitus and primary hepatocellular
carcinoma. The Quarterly Journal of Medicine. 1986;61:945-955. [PubMed]

Romeo S, Kozlitina J, Xing C, et al. Genetic variation in PNPLA3 confers susceptibility
to nonalcoholic fatty liver disease. Nature Genetics. 2008;40(12):1461-1465. DOI: 10.1038/
ng.257

Falleti E, Fabris C, Cmet S, Cussigh A, Bitetto D, Fontanini E, Fornasiere E, Bignulin S,
Fumolo E, Bignulin E, Pirisi M, Toniutto P. PNPLA3 rs738409C/G polymorphism in cir-
rhosis: Relationship with the aetiology of liver disease and hepatocellular carcinoma occur-
rence. Liver International. 2011;31:1137-1143. DOI: 10.1111/j.1478-3231.2011.02534.x

Evans JMM, Donnelly LA, Emslie-Smith AM, Alessi DR, Morris AD. Metformin and
reduced risk of cancerin diabetic patients. BM] British Medical Journal. 2005;330(7503):1304-
1305. DOI: 10.1136/bmj.38415.708634.F7



[95]

Diabetes and Cancer: Is there a Link?
http://dx.doi.org/10.5772/intechopen.72081

Donadon V, Balbi M, Mas MD, Casarin P, Zanette G. Metformin and reduced risk of hepa-
tocellular carcinoma in diabetic patients with chronic liver disease. Liver International.
2010;30:750-758. DOI: 10.1111/j.1478-3231.2010.02223.x

Dapito DH, Mencin A, Gwak G-Y, et al. Promotion of hepatocellular carcinoma by the intes-
tinal microbiota and TLR4. Cancer Cell. 2012;21(4):504-516. DOI: 10.1016/j.ccr.2012.02.007

Liu YL, Patman GL, Leathart JB, et al. Carriage of the PNPLA3 rs738409 C>G polymor-
phism confers an increased risk of non-alcoholic fatty liver disease associated hepatocel-
lular carcinoma. Journal of Hepatology. 2014;61:75-81. DOI: 10.1016/j.jhep.2014.02.030

137



ntechOpen

ntechOpen
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Gut microbiota plays a major role in the process of food absorption and low grade inflammation, two key
steps in obesity and diabetes mellitus occurrence. Gut microbiota metabolites, such as short chain fatty
acids (SCFA), have an important impact over the metabolic pathways like insulin signalling, incretin production

and inflammation. [1-3] We aimed to study the microbiota patterns in obese and T2D patients from Black
Sea Coast region, considering the ethnic mixture, environmental and geographical particularities, involving
diet or various habits in this area. 100 patients and 100 controls matched by age, gender and ethnicity were

studied regarding feaces predominance of Lactobacillus and Bifidobacterium species. We compared the

results of microbiota patterns from patients to those obtained in a similar control group of healthy subjects.

The standard pour plate 0.05% L-cystine enriched method was used to obtain the bacterial cultures and
anaerobic conditions. Morphological and biochemical tests were used to identify the Lactobacillus and
Bifidobacterium spp. Fecal organic acid concentrations were explored in frozen samples. The association

between bacterial counts/organic acid concentrations and independent variables, including age, diet, ethnicity
and other risk factors were calculated using multivariable linear regression analysis. Pearson’s correlation

coefficients were calculated to detect associations between fecal bacteria counts/organic acid
concentrations and laboratory variables (serum biomarkers, body mass index, age, and se verity of obesity/
T2Daccording to international scales). Junk and sweet diets, lack of physical activity and familial aggre gation

ofhypercholesterolemia and diabetes were significantly more often present in our T2D/obese patients than

in controls. The bacterial counts of the L. acidophilus, L plantarum and L. reuteri subgroups of Lactobacillus
sp were significantly lower among patients with T2D and obesity than in controls. The counting of
Bifidobacterium spp revealed a higher presence of B. bifidum in controls than in obese or T2Dpatients. Diet
type (junk food and sweets), BMI (> 25) and personal history of metabolic disorders were associated with

decreased counts of Lacidophilus and increased counts of L. fermentum and B. adolescentis in T2Dpatients.

Ethnicity, metabolic disorders history and junk and sweet diet were associated with low counts of L.

acidophilus and L. reuteri and low counts of B. longum. Junk and sweet diet was associated with low
counts of B. bifidum. Romanian ethnicity and metabolic disorders were associated with low counts of B.

choerinum at obese patients, independent of age or previous antidiabetic treatments. The concentrations
ofacetic and butyric acids were significantly lower in all patients groups, while the concentrations of valeric
acid were significantly higher in patients with untreated T2D and obese patients compared to the controls.

Low counts of L. acidophilus and L. reuteri were positively correlated with the increased levels of HbAlc,

LDL cholesterol, TG and inflammatory markers such as CRE ESR and IL-6, no matter of diet, age, ethnicity
or metabolic disorders history. Also, low counts of B. bifidum and B. infantis were positively correlated with

high levels of CRE IL-6 and TG. In obese patients, statistic analysis results showed that low counts of L.

acidophilus, L. plantarum, L. johnsonii and L. reuteri were positively associated with increased levels of CPR,

IL-6 and TG, while low counts of B. bifidum, B infantis and B. breve were positively correlated with higher
counts of CPR, LDL cholesterol and TG. Low counts of B. bifidum and B choerinum were positively correlated
with low counts of HDL cholesterol in Romanian ethnicity patients and in those with previous metabolic
disorders. Low bacterial counts of some particular strains of Lactobacillus spp and Bifidobacterium spp
were positively correlated with diet type, BMI, Romanian ethnicity and personal history of metabolic disorders
obese and 12D patients from Romanian Black Sea Coast Region.

Keywords: microbiota, patterns, diabetes type 2, obesity, risk factors

Metabolic disorders have reached an alarming stage over
the world. Epidemiologic studies have shown that obesity
and T2D gained an exponential increase in the last 2
decades [4- 11]. Sedentary lifestyle and increased food
consumption, especially highly processed meat, sweets
and fats have been attributed as main causes for obesity
and T2D occurrence [3-7]. Meanwhile, researchers
demonstrated that environmental and genetic factors play
also a role in metabolic disorders development, by
influencing the gut microbiota patterns [3]. Along with other
factors, gut microbiota plays an important role in digestion,
vitamin synthesis and metabolism. The exact mechanism

linking gut microbiota and obesity is not yet completely
understood, still, it was postulated that gut microbiota
contribute to low-grade inflammation and regulate fatty
acid tissue composition [3]. It was demonstrated that high-
fats diets influence the gut microbiota patterns byincreasing
the gram negative bacilli containing lipopolysaccharides
in their capsule, which can activate the inflammatory
pathways [12, 13]. In contrast, short-chain fatty acids (e.g.
butyrate, acetate, propionate) produced by bacterial
fermentation of insoluble dietary fiber in the bowel can
bind to GPR41 and GPR43 [14-16] leading to reduced
inflammation and increased glucagon-like peptide (GLP)-
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1 and Peptide YY (PYY) secretion improving the insulin
sensitivity [17, 18]. The short chain fatty acid butyrate is a
substrate of energy for the mucosal cells lining the colon,
whereas acetate and propionate enhance hepatic
gluconeogenesis and lipogenesis. Secondary bile acids
resulted from bacteria metabolism ofbile acids bind to the
GPCR TGRS, increasing GLP-1 production from L~cells and
energy consumption in muscles providing further
improvements in insulin sensitivity [19]. Still, the huge
variety of gut microbes, the ethnic variation of populations
studied and large variations between individuals make
difficult to fix the exact contribution of gut microbiota to
the development of obesity and diabetes [20]. The
hypothesis of modulating the gut microbiota to control the
spread of obesity and diabetes holds a tremendous
therapeutic potential for treating these two metabolic
endemic disorders [1]. Based on numerous reports, it
seems that the geographical differences in microbiota
composition result from the different dietary habits in a
region or a country. A recent study [21] showed a
geographical gradient in the infant microbiota across
Europe where northern infants showed higher levels
of Bifidobacteria, Atopobium, C. perfringens, C.
difficile while Southern infants presented higher proportion
of Bacteroides, Eubacteria and Lactobacillus. [22]
Lactobacilli like eubacteria and enterococci have been
described in a study made on Estonian infants while
Swedish infants showed clostridia and bacteroides in much
higher quantity [23, 24]. There were also studies focused
on microbiota in adults from different areas of Europe
reporting higher levels of bifidobacteria in Italian adult
subjects compared to Swedish, French or German adults
[25]. Based on this background, we aimed to study the
microbiota patterns of obese and T2D patients from Black
Sea Coast region, considering the ethnic mixture and
geographical particularities involving genetics, diet and
various personal habits in this geographical area.

Experimental part
Material and method

We studied the microbiota spectrum of 100 patients
diagnosed according to national and international
guidelines with obesity and diabetes type 2 (T2D) in
Internal Medicine Ist Clinic of Emergency St. Apostle
Andrew Hospital of Constanta County and we compared
results to those obtained in a similar control group of healthy
subjects. The exclusion criteria were applied during
enrollment stage. Previous antibiotic therapy, severe
gastrointestinal disorders, already diagnosed or treated
gastroenteritis one month prior to enrollment, viral or other
types of hepatitis, including alcoholic or autoimmune type,
cardiac, renal or vascular severe disorders, inflammatory
bowel diseases were documented and excluded prior to
study onset. All patients were informed and provided their
verbal consent in order to participate to this study, according
to ethic regional requirements. The research was
conducted in accordance with Good Clinical Practice
Guidelines and the Declaration of Helsinki, and the
Institutional Review Board approved the study protocol.

Stool analysis

Stool samples were collected in sterile containers from
all patients and control groups. Specimens were stored at
-20 degrees and transferred in a coupled manner subject/
control to the microbiology lab. Bacteria strains were
investigated after dilution of samples with NaCl (0.85% m/
v) enriched with 0.05% L-cysteine. We studied 6 species
of Lactobacillus: L. acidophilus, Lreuteri, L. fermentum, L.
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plantarum, L. salivaricus and L. johnsonii and 6 strains of
Bifidobacterium specie: B. Longum, B. adolescentis, B
bifidum, B infantis, B. breve and B choerinum.

The standard pour plate method was used to obtain the
bacterial cultures. 25 mL of MRS (De
Man, Rogosa and Sharpe) agar was used for each plate.
0.05% of L - cystine enriched plates to provide anaerobic
conditions (0% = 02, 10% = CO2, 10% = H2). We placed
plates in anaerobic gas pak jar (provided by Merck). Then,
samples were incubated at 37°C for 72 hours. Morphological
and biochemical tests including sugar fermentation,
catalase and methyl red tests were used to identify the
Lactobacillus species. Quantitative fluorometric assay was
used to identify the Bifidobacterium genus. Biochemical
methods using fructose-6-phosphate phosphoketolase
enzyme, sugar fermentation tests and the susceptibility to
mupirocin tests were done to identify the Bifidobacterium
species.

Measurement of organic acid concentrations and pH

Fecal organic acid concentrations were explored in
frozen samples, homogenized in a volume of 20 mL 0.15
mol/Lperchloric acid and then centrifuged for 10 min, prior
being maintained at 4°C for 12 h. We passed the
supernatants obtained through a thin filter and measured
the organic acid concentration using chromatography
method.

Biochemical assays from blood samples

Blood samples were obtained from patients and control
subjects at the time ofenrollment. Serum levels of glycated
hemoglobin (HbAlc), high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol, and
triglycerides (TG) were measured using standard
techniques. The plasma levels of C-reactive protein (CRP)
and interleukin (IL)-6 were done using ELISA analysis.

Statistics

SPSS Student Version 18.0 (Valuepack - 6th Edition) was
used to make the statistic analysis. t-test, Fisher’s test and
the two-tailed +2 test were used to compare different
results. P < 0.05 was considered as being statistically
significant. The association between bacterial counts/
organic acid concentrations and independent variables,
including age, diet, ethnicity and other risk factors were
calculated using multivariable linear regression analysis.
Pearson’s correlation coefficients were calculated to detect
associations between fecal bacteria counts/organic acid
concentrations and laboratory variables (serum
biomarkers, body mass index, age, and severity of obesity/
T2D according to international scales).

Results and discussions

The risk factors analysis revealed that diet rich in junk
and sweet (p=0.010, respectively p=0.009), lack of
physical activity (p=0.039, respectively 0.008) and familial
aggregation of hypercholesterolemia and diabetes
(p=0.031, respectively 0.042) were significantly more
present in our T2D/obese patients than in controls. The
levels of HbAlc (p= 0.006, respectively p=0.001), LDL
cholesterol (p= 0.003, respectively p=0.004),
inflammatory markers, CRP (p = 0.018, respectively
0.034) and IL-6 (p = 0.023 respectively 0.032), had also
significantly higher levels in patients with T2D/obesity than
in the controls (table1).

Fecal bacteria composition
Total fecal bacteria counts did not differ statistically
between patients (12.24+ 0.4 log  cells/g feaces (12.6+
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TID patients obesity patients | Controls P values
N=50 N=50 N=100
Gender
Males 24[48] 26[32] 50[30] 023041
Females 26[32] 24[48] 50050 0.33:047
Age, mean 83.81=1034 62 4532037 83 33=E11 SR
| Diet type
Vegetarian a[12] 1[2] 14[28] 0.021% 0.001*
Mediterranean 12[24] 8[14] 19[38] 0.044%; 0.028* Table 1
Junk food 19038 24[48 8[14 0.036% 0.031%
Sweets 13 %2&% 1?%34% QESJ : 0.025%; 0.030* RISK FACTORS FOR 2D/
OBESITY IN STUDY GROUPS
Ethnicity
Romanian 42 3o 44
ethnicity
Other 8 11 [
| Physical activity
Absent 30 38 16 0.039%; (.00%*
MildModerate 14 18 19 0.071; 0,00
Intense ] ] 15 0.038 ; 0.070*
Familial history of TXD 27 ) id 005315 0.04TF
Familial history of obesity
29 33 10 0.052 ;0057
HbATc (%) 11 [E] 5.4 0.006%, 0.001F |
LDOL{mg/dl) TR0TT20-213 TO3TTE7- 200 TI0TR0-137 0.003%, 0.004F
HDL (mg/dl) SB[35-41] 3428307 JT[39-68] 0.066 ; 0.061
TG 0.035; 008
mg 20582 O[0.88-3. O5[0.02-10 ] ; 0
11-6 (pg/mI) ZE[1.8-31] ZA[13-20] I3[12-20] 00335, 003TF
HDL=high density lipoprotein; LDL= low density [ipoprotein; TG = tnglicendes; HbATc = glycated
hemoglobin Ale; CEP = C-reactive protein; Variables are represented by mumbers, percent [:] means =
standard deviations or 2s medizns (interquartile range); * = statistically significant;
Bacterial counts Detection rate (%) *
Studied (logucells/gram)
species T Obesity® | Confrals | p- T2 | Obesity [ Control | p-
= value D 3 value®*=*
Lactobacillus sp.
L. acidophifus 1125207 | 1097215 | 722=04 | 0.003 | 014 50| 50 50 1.00
L. reuteri 1097215 | 1023208 | 823207 | 0.029 [ .18 50| 50 50 1.00
L. fermentum 8.87 8.83 821=11 | 0522) 033 500 | 49 50 0.84
L. plantarum =054 =0.91 792207 | 0.047 | 029 50 | 50 50 1.00 Table 2
L saltvaricus 11.11=1.0 | &48=1.1 | 8.88=09 | 0222 | 0.18 47 | 30 50 0.88 FECAL BACTERIA
L. johnsonii 8232051 | 8.57=0.82 | 9.99=11 | 0098 | 036 4% | 48 50 0.64 COUNTS IN PATIENTS
L ruminis 909702 | 0052084 | 941=12 | 0410 | 029 50| 50 43 0.84 AND CONTROLS.
922230 | 941=129
Bifidobacterium
p. 8.05=05 [ 7.99=052 | 9.45=082 | 0.451 | -0.28 50| 50 50 1.00
B. Longum, 0.04=1.60 | 9.04=1.60 | 9.04=131 | 0.077 | -0.31 50| 50 50 1.00
B. adolescentis, | 8.90 191 11.01=0.1 | 0.041 | -023 | 30 | 30 50 1.00
B bifidum, =0.39 =0.39 1193218 | 0.064 | -0.12 50| 50 50 1.00
B mfamtis, 10.83209 [ 10.83209 | 10.88=12 | 0.100 | -0.45 47 | 47 48 092
B. breve 9132038 | 9132038 | 9.053=1.29 | 0.098 | -0.41 50| 50 50 1.00
B. choerinum 8.88=0.49 [ 7.88x0.49
the percentage of fecal samples containing the specific specie above the detection threshold ; ¥ means and standard
deviations; *** g value calculated according to Benjamini and Hochberg method; #%* Fisher's t test.

0.9 log, cells/g feaces) and controls (12.3 = 0.5
log  cells/g feaces) (p= 0.67). However, the bacterial
counts of the L. acidophilus, L plantarum and L. reuteri
subgroups of Lactobacillus spp were significantly lower
among patients with T2D and obesity than in controls
(p= 0.003, g= 0.14; 0.047, q=0.29 respectively
p=0.029, q=0.18). The counting of Bifidobacterium spp
revealed a higher presence of B. bifidum in controls than in
obese or T2D patients (p=0.041, g =- 0.23) (table 2).

Comparisons of fecal bacteria count between T2D/obesity
patients and controls

Multivariate linear regression analysis was done in order
to detect correlations between bacterial counts and
independent variables such as age, ethnicity, BM], diet,
familial history of metabolic disorders and antidiabetic
treatments. Diet type (junk food and sweets), BMI (> 25)
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and personal history of metabolic disorders were
associated with decreased counts of L acidophilus
(p=0.048, 3 =-0.341; p=0.033, B =-0.118; p=0.022,
3 =-0.058), L plantarum (p=0.039, 3 =-0.207, p=0.041,
=-0.231, p=0.036, 3=-0.115) and L reuteri (p=0.032
B =-0.187, p=0.041, 3 =-0.142 p=0.019, B =-0.166)
and increased counts of L. fermentum (p=0.022
B =0.232, p=0.041, B =0.142, p=0.019, B =0.115) L.
salivaricus (p=0.028 3 = 0.563, p=0.047 3 =0.621,
p=0.033 v=0.198) and also, decreased counts of B.
bifidum (p=0.012 B =-0.123, p=0.037 3 =-0.199,
p=0.044 B =-0.201) and B. adolescentis (p=0.028 3 = -
0.144, p=0.040 B =-0.176, p=0.041 3 =-0.210) in T2D
patients, while Romanian ethnicity, metabolic disorders
history and junk and sweet diet were associated with low
counts of L. acidophilus (p=0.045, 3 =-0.199, p=0.033,
3=-0.167, p=0.042, 3 =-0.381) and L reuteri (p=0.008
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-0.129 respectively

-0.115) in untreated diabetes and obese

patients (75.23 = 17.1 mmol/g feces, respectively 77.18

+ 9.22 mmol/g feces) than in controls (111.8 + 21.5mmol/

possible interactions of anti-diabetes drugs with the fecal
acid concentration. Also, patients taking lipid- lowering

drugs were advised to stop the medication 2 weeks prior
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treatments. No other associations were found (table 3 ad

4).

was also lower in T2D patients taking anti-diabetes drugs,

g feces). The contents of total organic acid concentration
but without statistic significance (p=0.081, ns) compared

Correlation between obesity and T2D and fecal organic

acid concentration

to controls. The concentrations of acetic and butyric acids

were significantly lower (p = 0.025, g= -0.018, p =

The statistic analysis was accomplished in order to
evaluate correlations between patients and control groups
regarding the fecal organic acid concentration. According

0.040, ¢ =-0.183 p = 0.022, g= -0.191 respectively,
p= 0.038,g= -0.133, p= 0.033,g= -0.210 p

0.041, g = -0.184) in all patient groups, while the

to the history of previous hypoglycemic treatments, patients
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Fecal orgamic acid Patients
concentration Untreated TXD TID + hypoglycemic treatment Obesity Table 5

g (pval) gipval g (pvaD MULTIVARIABLE LINEAR REGRESSION
Total 0.129(0.036) 0.12300.08T) 0.IT50.03T ANALYSIS TO IDENTIFY THE
Butyric acid 0.133(0.038) - 0. 2T0{0.033) 0.I34(p=0.041) | CORRELATION BETWEEN T2DY
Valeric acid 0.3TE0.03T) 0. IO 0. 165(0.02T) DIABETES AND FECAL ORGANIC ACID
Acetic acid 0.018(0.025) 0. IE3(0.047) -0.I81(0.025) CONCENTRATION

* q= standardized regression coefficient

Table 6
MULITIVARIABLE LINEAR REGRESSION ANALYSIS TO IDENTIFY THE CORRELATION BETWEEN SERUM VARIABLES AND FECAL BACTERIAL
COUNTS OF Lactobacilus AND Bifidobacterium sp IN T2D

Lactobacillus Serum variables
species CPR ESE IL-4 HbATIc LDL HDL TG
pval(f) pval () pval(f) pval () cholesterol | cholesterol pval(f)
p val () p val (f)

L. acidophilus 00440 00320 0.0311(- 0.034 (- 0.0111(- 0.0%0- 0.003(-
0.199) 0.186) 0.179) 0.129) 0.154) 0.293) 0.091)

L. ruminis 02340 0076 (- 0.0977- 0.08E(- 01730 0.075(- 0.05R(-
0.451) 0.208) 0.223) 01993 0.18T) 0.234) 0.224)

L fermentum 0.106(- 0.078(- 0105 0.I08(- [VEETE 0.I07- 0134
0.158) 0.211) 0.189) 01907 0.451) 0.194) 0.251)

L. plantarum 0.1659¢- 0.098(- 02340 0.0731- 0IT- 0.0611- 0.I050-
0.201) 0.258) 0.451) 0.234) 02013 0.177) 0.178)

L salfvaricus 0.166(- 0.206(- 03011 0155 0.033(- 0.008(- 0.180(-
0.199) 0.388) 0.301) 02403 0.202) 0.258) 0.199)

L johnsonii 01210 0.087(- 0195 0.I07- 0.095(- 0.1061- 0.I75(-
0.219) 0.144) 0.199) 0.178) 0.238) 0.188) 0.187)

L ruguteri 00340 0.033(- 0.02I(- 0.022 (- 0.0310(- D.00935(- 0.016(-
0.177) 0.176 0.149) 0.107) 0.156) 0.301) 0.105)

| Bifidobacterium

species.

B. longum 012090 0.T08(- 0.104(- 02220 [VELTS 0.098(- 0.I220-
0.207) 0.197) 0.188) 0208) 0.404) 0.258) 0.145)

B. adolescentis O.I1I(- 0.I73(- 0.093(- 0.116(- n.I040- 0.109(- 0.I75(-
0177 0.187) 0.378) 0.1383) 0.188) 0.194) 0.187)

B. biftdum [X1) 0.I02(- 0.04I(- 0254(- 02090~ 0.I54(- 0.0Z7(-
0.085) 0.182) 0.177) 0.333) 0.236) 0.210) 0.148)

B, Infantis 0.0Z3(- 0.T28(- 0.0371- 0.07T0- 0098 - 0.I55(- [EErS
0.095) 0.198) 0.151) 0238) 0.258) 0.167) 0.172)

B breve 0.I1I(- 02010 02340 oITI- 0I730- 0.T88- 0.ITT-
0.186) 0.191) 0.451) 0,177y 0.18T) 0.165) 0.190)

B, choerinum 0.145(- 0.078(- 0.17a(- 0I730- 00931- 0150 0.063(-
0.167) 0.211) 0.177 0.187) 0.376) 0.155) 0.198)

concentrations of valeric acid were significantly higher
(p= 0.031, g= 0.212, respectively p = 0.022, q =
0.165) in patients with untreated T2D and obese patients
compared to the controls. Regarding the fecal pH
examination, results did not reveal any difference in pH
between studied patients (6.77+ 0.49) and controls (6.60
+ 0.83), (p= 0.22) (table 5).

Correlation between different species of Lactobacilus and
Bifidobacterium and serum variables

The correlations between different species of
Lactobacilus and Bifidobacterium spp with the serum
variables revealed that in T2D patients with/without
hypoglycemic treatments in the history, low counts of L.
acidophilus and L. reuteri were positively correlated with
the increased levels of HbAlc, LDL cholesterol, TG and
inflammatory markers such as CRP, ESR and IL-6, no matter
of diet, age, ethnicity or metabolic disorders history
(p=0.034, q=-0.129; p=0.011, q=-0.184; p=0.003, q=-
0.091, p=10.044, q=-0.199; p=0.022, q=-0.186; p=0.031,
q=-0.179 respectively p=0.022, q=-0.107; p=0.031, q=-
0.156; p=0.016, q=-0.105, p=0.034, q=-0.177; p=0.038,
q=-0.176; p=0.022, q=-0.149); also, low counts of B.
bifidum and B. infantis were positively correlated with high
levels of CRP, IL-6 and TG (p=0.017, gq=-0.085; p=0.042,
q=-0.177; p=0.027, q=-0.148 respectively p=0.028, q=-
0.095; p=0.037, q=-0.181; p=0.044, q=-0.172) (table 6).
In obese patients, statistic analysis results showed that
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low counts of L. acidophilus, L. plantarum, L. johnsonii and
L. reuteri were positively associated with increased levels
of CPR, IL-6 and TG (p=0.030, q=-0.111; p=0.027, q=-
0.193; p=0.043, q=-0.115; p=0.007, g=-0.079, p=0.005,
q=-0.091; p=0.020, q=-0.117; p=0.042, q=-0.122,
p=0.009, q=-0.173, p=0.006, q=-0.110 respectively
p=0.046, q=-0.105; p=0.007, q=-0.106, p=0.011, q=-
0.126) while lower counts of B. bifidum, B infantis and B.
breve were positively correlated with higher counts of CPR,
LDL cholesterol and TG (p=0.012, q=-0.181; p=10.027,
q=0.185; p=0.040, q=-0.095; p=0.034, q=-0.116,
p=0.047, q=-0.210; p=0.028, q=-0.157; p=0.041, q=-
0.175; p=0.037, q=-0.183, p=0.041, q=-0.133) ; Also,
lower counts of B. bifidum and B choerinum were positively
correlated with lower counts of HDL cholesterol (p=0.033,
q=0.141 respectively p=0.007, g=0.099) in Romanian
ethnicity and patients with previous metabolic disorders
(table 7).

Literature focused on the study ofhuman gut microbiota
suggests that from all factors, the main contributor to the
diversity and equilibrium ofintestinal microbiota seems to
be the diet [26]. During pregnancy, the infant’s gut is sterile,
the first contact of digestive tract with bacteria being the
delivery moment, when the infant goes in contact with
the maternal vaginal of skin microbiota. Inmediately after
the first population of child’s gut, changes in the diet can
be responsible for 57 % variations in microbiota [27]. This
feature can be proved by the study of breast-fed infants
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Table 7
MULTIVARIABLE LINEAR REGRESSION ANALYSIS TO IDENTIFY THE CORRELATION BETWEEN SERUM VARIABLES AND FECAL BACTERIAL
COUNTS OF Lactobacilus AND Bifidobacterium sp IN OBESITY

Lactobacillus Serum variables
species CFK ESRE -4 HbATIe LDL HDL TG
pvalif) pvalif) pval () pval(f) | cholesterol | cholesterol | pval(f)
pval () p val ()

L acidophilus 0.030(- 003 -0.2IT) 0.027- 0.105(- 02240- 0.063(- 0.043(-
0.111) 0.193) 0.189) 0.451) 0.198) 0.115)

L ruminis OITI- 0.07E-0.2IE) 0IT3- 02T- 02111- 0.0TH- 01457
0.176) 0.173) 0251) 0300) 0.220) 0.247)

L fermentum 0.085(- 0.1Ta0-0.197) 0.081- 007TT- 0.1761- 0.105(- 0139
0.230) 0.209) 0.238) 0.199) 0.180) 0.231)

L plantarum 0.007(- 0.0E5(-0.239) 0.00%(- 01535 0.I38(- 038T- 0020
0.079) 0.091) 0.241) 0230) 0.351) 0.117)

L saltvaricus 0.126(- 0133002407 0095 - 0.167- 0.1161- 0.085(- 01230
0.201) 0,187y 02000 0.197) 0.216) 0.200)

L johnsonii 0.085(- 0.173(-0.208) 0.003{- 0000 - 0.085(- 0.078(- 0.006(-
0.239) 0.173) 0.196) 0239) 0.228) 0.110)

L reuteri 0.0446(- 0.T067-0.190) 0.007(- 03340 0.I38(- 0.16%(- 0.0T11-
0.105) 0.106) 0.4351) 0.209) 0.231) 0.1246)

| Bifidobacterium

SPECIes.

B longum 02201- 0.1350-0.199) O.0TE- 0.195(- 0.I50- 0.144- 0.I78-
0.351) 0.189) 0.289) 0.190) 0.182) 0.207)

B adolescentis 020T- 0. I340-0.45T) 01T O.I78 - 0.165(- 0.07Ii- 009 -
0211) 0.187) 0.201) 0.199) 0211) 0.189)

B bificum 0.013(- 0. 2017-0.3007 0.0%E(- 03340 0.027- 0.033(- 0.0401-
0.181) 0211) 0.351) 0.185) 0.141) 0.095)

B, nfaniis 0.034(- 0.1990-0.199) 0.106(- 02230- 0.047(- 0.145(- 0.028(-
0.116) 0.187) 0.201) 0.210) 0.201) 0.157)

B breve 0.0411- 01T8-0.1597) 0.007- 0196 (- 0.037- 0100~ 0.041(-
0.175) 0219 0.343) 0.183) 0.188) 0.133)

B choerinum 0188 0139002110 0115 0175 0115 0.007(- [N § T
0.220) 0.196) 0.260) 0.177) 0.099) 0.194)

who shows more Bifidobacteria spp. compared to
formula fed babies [28-29] which have a more diverse
microbiota, with higher levels of Bacteroids spp.
and Lactobacillus spp. [30]. Consecutive to these study
results, the type of feeding immediately after child’s birth
is supposed to be the second element involved in
microbiota changes and health evolution. The
diversification of diet is another important step in child’s
microbiota changes, the moment and the quantities of the
new elements introduced in child’s diet having an
important influence on host’s future gut microbiota
balance and personal well-being. [31] The use of
antibiotics is, on the other hand, a decisive factor that
influences the gut microbiota despite the diet. The early
administration of antibiotics during childhood
demonstrated to influence the microbiota populations. The
intake of antibiotics in the first 6 months of life have a
crucial effect on the microbiota during adult period, the
imbalance of microorganisms ratio and the obesity being
much more commonly present in this category of patients
[32]. Advances in molecular biology techniques, such as
next-generation sequencing has been contributed to better
explore and understand the human gut microbiota
spectrum [33-36]. New saprophyte or potential pathogen
bacteria are still studied and new strategies for maintaining
microbiota equilibrium are proposed. The dietarychanges
using the prebiotics and probiotics were first recommended
to restore the physiological microbiota contents and to
control the metabolic activity of the gut microorganisms.
Lactulose and inulin, carbohydrate-like compounds, were
two chemical formulas added to diet of patients with gut
microbiota disturbances and metabolic secondary
disorders from whom specialists expected good results,
targeting especially the Lactobacillus and Bifidobacterium
spp. It was also stated that prebiotics could restore the
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count of L. reuteri strain, involved in dyslipidemia
occurrence. The restoration of normal L reuteristrain count
canreduce the fat gut absorption, decreasing the high level
of LDL-cholesterol (low-density lipoprotein cholesterol).
Our study confirmed the presence of low counts of L.
reuteri spp in our patients groups, this feature being found
to be correlated with junk food and sweets, BMI (> 25)
and personal history of metabolic disorders (p=0.0323 = -
0.187, p=0.041, B =-0.142 p=0.019, B =-0.166) in
patients with T2D and with Romanian ethnicity, metabolic
disorders history and junk and sweet diet in patients with
obesity (p=0.008 3 =-0.100 p=0.010 3 =-0.159 p=0.014
[3=-0.106). There are chemical formulas combining the
two compounds called synbiotics, in order to have the
maximum additive benefit. Along with the diet and
antibiotic intake history, other personal and environmental
factors alter the gut microbiota. The spectrum of
microorganisms populating the human gut varies
according to geographical area, to ethnicity or diet habits
and to the genetic features of a specific population.
Physicians are still debating around the subject and are
trying to merge data regarding microbiota patterns in
different geographical areas, in order to prevent disorders
related to microbiota gut disturbances, globally. Following
this general concern on the topic, we studied the microbiota
spectrum in two metabolic disorders as T2D and obesity
over the geographical area of Romanian Black-Sea Coast,
which contains a mixture of populations, ethnic groups
and different alimentary habits. We studied the
Bifidobacterium spp, along with Lactobacillus spp which
are the most well-known inhabitants of our digestive tract,
being part of the normal gut flora producing vitamins,
bacteriocins (antibacterial chemicals) and antibiotic-like
substances. Lactobacillus species, which constitute a
significant component of the human gut microbiota, are
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Gram-positive, facultativ anaerobic or microaerophilic,
rod-shaped,non-spore-forming bacteria
converting sugars to lactic acid. For example, in women
of European ancestry, they are a major part of the vaginal
microbiota which invade and populate the infants gut
during delivery [37]. Our studyresults showed that the low
bacterial counts ofthe L. acidophilus, Lplantarum and L.
reuteri subgroups of Lactobacillus spp were significantly
more present among patients with T2D and obesity than
controls (p = 0.003, g = 0.14 respectively p=0.029,
q=0.18). On the other hand, Bifidobacterium spp, found in
fermented dairy foods, especially yogurt, are Gram-
positive, anaerobic, branched rod-shaped bacterium which
also ferment sugars to produce lactic acid [38]. For
example, B. longum genome codes for many proteins
specialized for the catabolism of oligosaccharides.[39] In
our study, Romanian ethnicity, metabolic disorders history
and junk and sweet diets were associated with low counts
of B. Longum spp in patients with obesity (p=0.037 3 = -
0.111, p=0.025 3 =- 0.106, p=0.009 B =- 0.129) while
Romanian ethnicity and previous metabolic disorders were
associated with low counts of B. choerinum spp. (p=0.042
B=-0.298, p=0.032 B =-0.161,) at obese patients,
independent of age or previous antidiabetic treatments.

Research data demonstrated that gut bacterial products
regulate important T2D and obesity pathways such as
insulin signaling, inflammation and glucose homeostasis
[1, 40-48]. The effect of microbiota on T2D and obesity
incidence seems to be related mostly to SCFAtiters. SCAFA,
bacterial products resulted from colonic fermentation of
the gut microbes, contribute to energy metabolism and
balance the redox state in the gut. This mechanism includes
the anaerobic breakdown of dietary fiber, protein and
peptides. The most important SCFAbacterial products are
acetate, propionate, and butyrate. Acetate and propionate
are mostly produced by Bacteroidetes phylum, while
butyrate is produced by the Firmicutes phylum and
Bifidobacterium spp. They have been shown to exert
beneficial effects on body weight, glucose homeostasis
and insulin sensitivity. It was demonstrated that the dietary
supplementation with butyrate can reduce the insulin
resistance through increasing energy expenditure and
mitochondria function [49]. In addition, oral administration
of butyrate and acetate were proved to have a protective
action against diet-induced obesity [50] and improve
glucose tolerance [44, 51]. Also, gut microbiota is involved
in the production of key insulin signaling molecules such
as GLP-1 and PYY through SCFA and its binding to FFAR2
[52]. GLP-1 and PYYhave favorable effects by decreasing
insulin resistance and the functionality of B-cells [52].
Bitidobacterium spp. demonstrated to have anti-
inflammatoryeffectin mice through the production of GLP2
and reducing intestinal permeability [43]. Along with these
few examples on the potential impact of gut microbiota
on the development of T2D and obesity, our study results
revealed that the concentrations of acetic and butyric acids
were significantly lower in patients compared to controls
(p= 0.025,g= -0.018, p= 0.040, q=-0.183 p =
0.022, g = -0.191 respectively, p= 0.038, g= -0.133,
p= 0.033,g= -0.210 p= 0.041, g = -0.184), while
the concentrations of valeric acid were significantly higher
(p= 0.031, g= 0.212, respectively p = 0.022, q =
0.165 ) in patients with untreated T2D and obese patients.
We also founded that the total organic fecal acids
concentration was significantly lower (p =0.036, p = -
0.129 respectively p =0.027, p=-0.115) in untreated
diabetes and obese patients (75.23 = 17.1 pmol/g feces,
respectively 77.18 £ 9.22 pmol/g feces) than in the controls
(111.8 £ 21.5 pmol/g feces).
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The multivariable linear regression analyze studied the
correlation between fecal counts of Lactobacillus spp. and
Bifidobacterium spp and different serum abnormal
variables discovered in our patient groups.

Data on the interaction of microbiota with food and
obesity/T2Dbrought new hypothesis for the obesity/fat diet
relationships with inflammation. The inflammatory state
that accompanies the metabolic syndrome shows no signs
of infection or autoimmunity and no massive tissue injury
seems to have taken place [53].

The severity of the inflammatory activation is not
important as severity being often called low-grade chronic
inflammation. Furthermore, some researchers named this
inflammatory state as metaflammation, meaning
metabolically triggered inflammation [1, 54] or
parainflammation as a term to define an intermediate state
between basal and inflammatory states [1, 53,55].
Whatever the term used, the inflammatory process that
characterizes the metabolic syndromes seems to have its
own unique features, its mechanisms being far from fully
discovery. [1, 53, 56]. Recent studies confirmed the positive
association between obesity and inflammatory markers,
mainly CRP protein in women [1, 53, 57, 58], but also with
otherinflammatory markers, both in women and men [59,
60]

Our study results proved that no matter of personal
variable features, low counts of different strains of
Lactobacillus spp and Bifidobacterium spp are always
correlated with high levels of inflammatory tests and
metabolic tests disturbances. High levels of ESR, IL-6,
respectively CPR and increased levels of HbAlc, LDL
cholesterol and TG were correlated with low counts of L
acidophilus and L reuteri (p=0.034, q=-0.129; p=0.011,
q=-0.184; p=0.003, q=-0.091, p=0.044, q=-0.199;
p=0.022, q=-0.186; p=0.031, q=-0.179; p=0.022, q=-
0.107; p=0.031, q=-0.156; p=10.016, q=-0.105, p=0.034,
q=-0.177; p=0.038, q=-0.176; p=10.022, q=-0.149) and
high levels of CRE, IL-6 and TG were positively correlated
with low counts of B. bifidum and B. infantis (p=0.017,
q=-0.085; p=0.042, q=-0.177; p=0.027, q=-0.148
respectively p=0.028, q=-0.095; p=0.037, q=-0.181;
p=0.044, q=-0.172) in T2D patients with/without
hypoglycemic treatments in the history, no matter of diet,
age, ethnicity or metabolic disorders history. In obese
patients, results were a bit different, increased levels of
CPR, IL-6 and TG were positively correlated with low
counts of L. acidophilus, L. plantarum, L. johnsonii and L.
reuteri (p=0.030, q=-0.111; p=0.027, q=-0.193; p=0.043,
q=-0.115; p=0.007, q=-0.079, p=0.005, q=-0.091;
p=0.020, q=-0.117; p=0.042, q=-0.122, p=0.009, q=-
0.173, p=0.006, g=-0.110 respectively p=0.046, g=-0.105;
p=0.007, g=-0.106, p=0.011, gq=-0.126) while higher
counts of CPR, LDL cholesterol and TG were positively
correlated with lower counts of B. bifidum, B infantis and
B. breve (p=0.012, q=-0.181; p=0.027, gq= 0.185; p=0.040,
q=-0.095; p=0.034, q=-0.116, p=0.047, q=-0.210;
p=0.028, q=-0.157; p=0.041, q=-0.175; p=0.037, q=-
0.183, p=0.041, q=-0.133). In addition, low counts of HDL
cholesterol were correlated with low counts of B. bifidum
and B choerinum (p=0.033, q=0.141 respectively
p=0.007,q=0.099) but only in Romanian ethnicity patients
and in those with previous metabolic disorders history.

Conclusions

Gut microbiota imbalance seems to be related with two
key metabolic diseases impacting pathways like energy
homeostasis and inflammation in patients diagnosed with
T2D and obesity from south Romanian Black Sea Coast
Region, in concordance with literature data. Low bacterial
REV.CHIM.(Bucharest)¢ 69¢ No. 8 ¢ 2018



counts of some strains of Lactobacillus spp and
Bifidobacterium spp were positively correlated with food
type, BMI, Romanian ethnicity and personal history of
metabolic disorders in our patients groups. Pre/probiotic
treatments with supplementation of lacking elements (L
acidophilus, L plantarum,L reuteri, B bifidum, B infantis, B.
breve and B choerinum) could have additive efficacy in
our T2D and obese medical care.
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Abstract

The literature focused on data regarding the occurrence of hepatocellular carcinoma (HCC) after interferon (IFN)-free
therapy is ambiguous. Researchers are preoccupied to find if the risk of developing liver cancer is related only to the therapy
per se or it is influenced by a multitude of factors. We aimed to develop a local analysis of risk factors associated with HCC
occurrence in patients with liver cirrhosis due to HCV (hepatitis C virus) infection treated with IFN-free therapy. We made
an observational, retrospective study, between 2016 - 2019, on 188 cirrhotic patients with HCV infection, diagnosed, treated
and followed-up by screening for HCC occurrence, using the recordings from the patient’s charts available in the archive of
the Gastroenterology Lab, “Aquamed” Clinic, Constanka County, Romania. We noted the demographic, lab, imagistic data
and treatment procedures applied, comparing two groups of patients: the IFN-free therapy group — 89 patients and the
standard IFN therapy group — 99 patients. As statistic method, we used the SAS Cox proportional hazards regression
procedure, in order to calculate the HR (hazard ratio) and CI (confidence interval) 95% for each parameter studied as risk
factor involved in HCC occurrence. In the unadjusted model, there was estimated an increased risk in HCC occurrence in
IFN-free therapy group compared to standard IFN therapy group (p = 0.0341). After adjustment for age, gender, severity of
the disease, (Child-Pugh classification) or complications, there was not a statistically significant difference between IFN-free
therapy group or IFN therapy group in order to develop HCC (hazard ratio = 0.05, p = 0.5038). Our observational study, even
if made on a small number of patients, confirms that IFN-free therapy is safe, the benefits obtained covering the risks. Our
study results did not find a link between IFN-free therapy and HCC occurrence over the known risk of liver cirrhosis, when
taking into account multiple features of disease prior to treatment onset.

Rezumat

Literatura axat& pe datele referitoare la aparifia carcinomului hepatocelular dupé terapia f&r& interferon (IFN) este ambigué& in
acest moment. Cercet&torii sunt preocupali s& stabileasc& dacé riscul de a dezvolta hepatocarcinom este legat numai de terapia
per se sau este influenfiat de o multitudine de factori. in acest context, ne-am propus s& facem o analiz& local& a factorilor de risc
asociali cu aparifia HCC la pacienfii cu ciroz& hepatic& datorat& infechiei cu virus hepatitic C (VHC) trataté& f&& IFN. Am efectuat
un studiu observahional, retrospectiv, intre anii 2016 - 2018 pe 188 de pacientfi cu infechie cu VHC diagnosticati, tratafi "i urmé&rifi
prin screening pentru aparifia HCC, folosind inregistrérile din diagramele pacientului, disponibile in arhiva Laboratorului de
Gastroenterologie, Clinica ,,Aquamed”, judeful Constanfa, Romania. Am analizat datele demografice, de laborator "i imagistice,
precum 'i procedurile de tratament aplicate, comparand dou& grupuri de pacienfi: grupul de terapie f&& IFN - 89 pacienfi "i grupul
de terapie IFN standard - 99 de pacienhi. Ca metod& statistic& am folosit procedura de regresie a riscurilor proporfionale SAS
Cox pentru a calcula intervalul de confident& HR "i CI 95% pentru fiecare parametru studiat ca factor de risc implicat in
aparitia HCC. In modelul neajustat, s-a estimat un risc crescut de aparitic a HCC in grupul de tratament f&r& IFN in comparafie
cu grupul standard de terapie cu IFN (p = 0,0341). Dupé& ajustarea pentru varst&, sex, severitate a bolii (clasificarea Child-
Pugh) sau complicalii, nu a existat o diferen#& semnificativ& statistic intre grupul de terapie f&r& IFN sau grupul de terapie
IFN pentru a dezvolta HCC (raport hazard = 0,05, p = 0,5038). Studiul nostru observational, chiar dac& este f&cut pe un
numér mic de pacienti, are rezultate care confirmé& faptul c& terapia f&r& IFN este sigurd, beneficiile ob%inute acoperind
riscurile. Rezultatele studiului nostru nu gé&sesc o leg&tur& intre terapia f&r& IFN 'i aparitia HCC peste riscul cunoscut de
ciroz& hepaticé, atunci cand se iau in considerare caracteristicile multiple ale bolii inainte de debutul tratamentului.

Keywords: IFN-free therapy, infection with hepatitis C virus, hepatocellular carcinoma

904



FARMACIA, 2018, Vol. 66, 5

Introduction

Researchers from Western Europe, Asia and North
America warned in the last few years that the risk of
hepatocellular carcinoma (HCC) in cirrhotic individuals
may be higher after attaining interferon (IFN)-free
hepatitis C virus (HCV) clearance versus clearance with
an [FN-containing cure [4, 17, 20]. Initial univariate
analysis found that IFN-free therapy was associated
with a more than double risk to develop HCC [6, 8].
Still, the elevated risk suggested initially seems to be
attenuated after multivariate adjustment for baseline
variables. It looks that the higher incidence of HCC
following sustained virology response with IFN-free
therapy relates to baseline risk factors and patient
selection, and not to the use of IFN-free therapy per se
[6]. On the background of this debate, we aimed to find
if IFN-free therapy is a trigger for HCC occurrence,
in patients with liver cirrhosis due to HCV chronic
infection, and to detect the local risk factors involved
in this oncologic pathology [1, 11, 15, 19].

Materials and Methods

Study design: Patients

We made an observational, retrospective study,
between 2016 and 2019, on data provided from the
files of 188 cirrhotic patients with HCV infection
diagnosed, treated and followed-up by screening
procedures according to AASLD (American Association
for the Study of Liver Diseases) recommendations
for HCC occurrence [2].

According to the treatment regimens used, patients
were divided into two groups: the IFN-free therapy
group — 89 patients, and standard IFN therapy group — 99
patients. Patients with HBV (hepatitis B virus)/HDV
(hepatitis D virus) or HIV (human immunodeficiency
virus) infections, autoimmune diseases, NAFLD (non-
alcoholic fatty liver disease)/NASH (non-alcoholic
steatohepatitis) proved by liver biopsy and genetic
disorders with liver involvement (Wilson’s Disease,
alfa 1 anti-trypsin deficiency, haemochromatosis,
type 1 diabetes etc.) have been excluded from the
study. There were also excluded patients with suspected
nodules in the liver at the treatment onset. IFN-free
therapy was represented by combinations of different
DAAs (direct acting antiviral agents). According to
these combinations, most of our patients (77 patients —
88%) followed the regimen with ombitasvir, ritonavir,
paritaprevir and daclatasvir for 12 weeks reimbursed
by the state, and the rest of them (11 patients — 12%),
followed the treatment with ledipasvir plus sofosbuvir
obtained by private resources, for the same period
of time.

Methods

We used the recordings from the patient’s charts
available in the archive of Ambulatory Gastroenterology
Department, “Aquamed” Clinic, Constanfa County,
Romania. We noted the demographic data (age,
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gender, provenience, BMI), the type of drug used,
the duration of treatment, sustained virological response
(SVR), the clinical and lab data recorded during the
follow-up visits (every 6 months after the treatment
finished), the abdominal ultrasonography results and
the moment of HCC occurrence. Patients treated
with IFN-based therapy followed the classical 24/48
weeks regimens with double therapy with IFN alfa-2a/b
plus ribavirin, according to host and viral characteristics
at baseline. Lab tests studied were: CBC (complete
blood count), made with the automatic analyser Becton
Dickinson®, using the principle of flow cytometry
equipped with LASER semiconductor and hydrodynamic
focusing, ALT (alanine aminotransferase)/AST
(aspartate  aminotransferase) tests, made by
standardized kinetic method IFCC (International
Federation for Clinical Chemistry) with or without
pyridoxal phosphate, tests of liver insufficiency
(albumin, PT (prothrombin time)), BT (bleeding
time)/BD (blood collection) and tumour markers
(alfa-fetoprotein, CEA-carcinoembryonic antigen),
using analysers provided by Roche, Siemens and
Beckman-Coulter Companies. Abdominal ultra-
sound examinations were done with General Electric
LogiqS7 Expert equipment at every 6 months intervals
during the follow-up period according to guidelines,
focused on focal lesions detection into the liver
parenchyma, accounting those with malignant potential.
Clinical examination was done at every visit to gastro-
enterologist and features related to general status, BMI
(body mass index), liver and spleen features, ascites
were noted. Complications as variceal haemorrhages,
encephalopathy, spontaneous peritonitis or kidney
failure due to hepatorenal syndrome were also
encountered.

Statistics

The GraphPad StateMate statistical package (San Diago,
California, La Jolla, USA, www.graphpad.com) was
used. SAS Cox proportional hazards regression
procedure allowed us to calculate the risk for each
parameter involved in HCC occurrence. The parameters
estimates, the p values (statistical significance p < 0.05),
and HR (hazard ratio) along with the 95% CI intervals
for each studied parameter were calculated. To provide
strong evidence of our statistic results, we used the
multivariate adjusted model.

Results and Discussion

The statistics was conducted in order to investigate
differences in HCC occurrence adjusting for age,
gender, severity of the disease, complications and
history of IFN-free therapy. A total of 188 patients
over 18-year-old and diagnosed with chronic hepatitis
C infection, treated (n = 89) or not (n = 99) with
IFN-free therapy, were followed until the HCC
occurrence or up to 10 years. 62% (n = 116) of patients
were males and the mean age was 61.3 years for HCC
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group and 55.7 for non-HCC group, ranging from
18 years to 70 years at treatment onset. There were
24 cases of HCC diagnosed among the 188 patients.
Descriptive statistics shown in Table I classified the

patients according to the main demographic and disease
features at the beginning of the study period until
HCC occurred.

Table I
Main characteristics of studied patients

HCC group (24 patients/188) | No HCC group (164 patients /188)

Mean (SD) Age, years 55.7 (6.3) 61.3 (6.9)
Gender (%)

Male 16/24 (66.66%) 94/164 (57.31%)

Female 8/24 (33.33%) 70/164 (42.68%)
Child Pugh Class B/C 8/24 (33.33%) 40/164 (24.39%)
Thrombocytopenia 10/24 (41.66%) 34/164 (21.34%)
Ascites 5/24 (20.83%) 21 (12.80%)
IFN-free therapy 10 (11.23%) 79 (88.76%)
IFN therapy 14 (14.14%) 85 (85.85%)

In the unadjusted model, there was estimated an
increased risk in HCC occurrence in IFN-free therapy
group compared to standard IFN therapy group (p =
0.0341). The short length of follow-up in the IFN-
free therapy group (up to 2 years) compared to the
long length of follow-up in IFN-therapy group makes
believable the hypothesis that IFN-free therapy may
be a bust for HCC occurrence. The rapid viral load
decline produced by the potent antiviral drug used
in combination and the abrupt cessation of liver
inflammation are believed to adversely dampening
cancer immune-surveillance activities that target the
identifying and removal of cancer-prone hepatocytes,
leading to a rapid and aberrant proliferation into the
liver parenchyma and cancer occurrence [16, 18].
Using the univariate unadjusted model, our study
results estimate that the age over 50 years old, male
gender, Child Pugh B/C stages of the disease, ascites
and IFN-free therapy were more often associated
with HCC occurrence. Data are shown in Table II,
along with the p-values.
Table 11
The main risk factors associated with HCC occurrence
using the unadjusted model

Risk Factor Parameter Estimate | p-Value
Age years 0.17654 0.0001
Male gender 0.37810 0.0002
Child-Pugh B/C 0.65882 0.0003
Ascites 0.11118 0.0001
IFN-free therapy 0.08341 0.0341

After this analysis, we concluded that there was a
positive association between age over 50, male gender,
Child-Pugh B/C stages, ascites and INF-free therapy
with HCC occurrence. However, after adjustment
for age, gender, severity of the disease (Child-Pugh
classification) or complications, there was not a
statistically significant difference between IFN-free
therapy group or IFN therapy group in order to
develop HCC (HR = 0.05, p = 0.5038) (Table III).
In addition, adjusting for additional risk factors,

906

patients treated with IFN-free therapy did not look to
have an additional risk to develop HCC (Table IV).
The HR estimates were used in order to strengths the
analyse results. The analysis has shown that there is an
11.16% increase in the expected hazard relative ratio
to develop HCC over the age of 50 (the expected
hazard was 1.11 times higher in a person who is one
year older than 50 to have HCC), holding the rest of
parameters constant (gender, Child Pugh stage, ascites,
IFN-free therapy). In addition, the expected hazard
was 1.67 times higher in male gender compared to
women, at the same age. The HR for decompensated
disease or only for a single time ascites in the
patient’s history were 2.04 times higher, respectively
1.71 times higher in order to develop HCC, holding the
age and gender constant, no matter of treatment used.
Table 111

SAS Cox proportional hazards regression analyse
estimating the main risk factors for HCC

occurrence
Risk Factor Parameter HR
Estimate | (95% CI for HR)
Age>50 0.18342 | 1.11 (1.086 - 1.789)
Male gender 0.45091 | 1.67 (1.234 - 1.956)
Child-Pugh B/C 0.69786 | 2.04 (1.034-1.777)
Ascites 0.11876 | 1.71 (1.352-1.992)
IFN-free therapy 0.07231 | 0.05 (0.004 - 1.023)

We considered as additional risk factors for HCC the
high number of HCC in a short length of follow-up for
IFN-free treated patients (up to 2 years of follow-up in
IFN-free therapy group compared to up to 10 years in
IFN group), genotype and viral load. We estimated the
Cox proportional hazards regression model relating
to the length of follow-up, genotype and viral load
using the SAS Cox proportional hazards regression
procedure. After adjusting for age, gender, severity of
the disease and genotype, the viral load and the short
length of follow-up period were not statistically
significant associated with HCC occurrence in IFN-
free therapy group compared to the standard treatment
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group. We included in Table IV along with the hazard

ratios, their 95% confidence intervals.
Table IV

SAS Cox proportional hazards regression analyse estimating the main risk factors for HCC occurrence

Risk Factor Parameter Estimate p-Value HR (95% CI for HR)
Genotype 1b 0.9321 0.003 1.012 (1.006 - 1.201)
Viral load -0.08791 0.201 0.998 (0.175 - 1.064)
Length of follow-up -0.01651 0.122 0.633 (0.375 - 1.144)

HCC is the 5™ most common type of cancer globally
[10]. The main concern regarding the issue is to
decrease worldwide incidence of viral infections due
to B, C and D viruses by using curative treatments. We
are witness of a new era in the treatment of hepatitis C
virus chronic infection with the generically called
IFN-free therapies. In cirrhotic patients, the survival
rates are encouraging reaching, 92 - 96% according to
TURQUOISE-2 TRIAL in genotype 1 (a and b) and
4 [14], 91% in genotype 2, according to Phase III
ASTRAL 2 trial [S] and over the expectations reaching
89 - 91% in Phase III ALLY-3 trial [9, 12] and Phase
1T ASTRAL 3 trial [5] in hard-to-treat genotype 3 [18].
After a short period of follow-up, the main concern of
physicians was directed to a possible increased risk of
HCC induction by the DAAs treatments. Researchers
warned recently about this high risk comparing to
standard treatment cures, the hypothesis having major
implications in HCV treatment management [7]. It
looks that the rapid viral load decline and the rapid
cessation of inflammatory liver process may lead to
an altering of immune-surveillance activities and
cancer occurrence by inefficient suppression of cancer
promoters [3]. For example, one Scottish study recently
published, claimed the significantly higher risk for
HCC in patients treated with IFN-free treatment
(HR =2.48,95% CI 1.14 - 5.37) [6]. Compared to our
results, the mean period of follow-up was different
from our study, 3.4 years in the Scottish study compared
with 1.7 years for our IFN-free therapy group, due
to low-resources settings, the reimbursed treatment
with IFN-free therapy being available only for about
2 years and 12% of patients being treated by self-
resources. Even if the period of follow-up was different,
the overall rate of HCC occurrence was similar for
both studies, around 2.53 events per 100 persons —
years for the referred study compared to 2.95 events
per 100 persons — years. Still, to clarify this issue,
more and more physicians focused on making ample
statistic analyses. The previous Scottish study made on
a high number of patients (875 patients) attending
SVR (sustained virological response) after 12 weeks
of different IFN-free therapies for HCV from 12
clinics, after multivariate adjustment for baseline
variables, proved that no significant risk attributable to
IFN-free therapy persisted (HR = 1.15, p = 0.744), and
other baseline factors were associated with increased
HCC risk. The viral load and the length of follow-up
period after treatment cure were not involved in HCC
occurrence in our present study. After adjusting for
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age, gender, severity of the disease and genotype,
the viral load and the short length of follow-up period
were not statistically significant associated with HCC
occurrence in IFN-free therapy group compared to
standard treatment group. Regarding the rest of risk
factors involved in HCC occurrence, the age over 50
years, male gender, Child-Pugh B/C stages, ascites
and thrombocytopenia remained with the same pattern
of involvement, as the literature confirms.

Conclusions

Our observational study, even if made on a small
number of patients, confirms that IFN-free therapy is
safe to use, the benefits obtained covering the risks.
Our study results did not find a link between IFN-free
therapy and HCC occurrence over the known risk of
liver cirrhosis, when taking into account the multiple
features of disease prior to treatment onset.
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Abstract

Background and aim. The existing tests practiced on a
large scale in colorectal cancer (CRC) screening do not fully
accomplish the goal of best specificity and sensitivity or either
an optimal cost/efficiency ratio. We aimed to analyze genetic
mutations diagnosed in the DNA of exfoliated cells in the
stool of the patients diagnosed with CRC through screening.
We also aimed to demonstrate the similarity between the
detected mutations in tumor samples and in exfoliated cells in
the stool in order to prove the reliability of these cytogenetic
tests, so that they could be introduced in CRC screening
program. Methods. We studied 200 patients diagnosed
with CRC from whom we prelevated biopsy and stool
samples. Samples were submitted to genetic analysis through
denaturing gradient polyacrylamide gel electrophoresis
method, and through polyacrylamide gel electrophoresis
method for the heteroduplex analysis. Analyzed genes were
APC, COL11A1, MLHI, MSH?2 and MSHG6. The chromosomal
study was carried out using the PRINS technique. Results.
We discovered mutations in the APC gene (exons 4, 9, 13,
and 15¢) and COL11A41 gene (exon 54). Our chromosomal
study detected instability of chromosomes 1, 7, 9, 20, and
in 10 achrocentric chromosomes. Conclusions. Our results
plead for the implementation of proposed cytogenetic tests
in CRC screening programs.
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Introduction

Colorectal cancer (CRC) is the third most frequently
diagnosed cancer in both men and women and the second
leading cause of cancer death after lung cancer. CRC is
curable if diagnosed at an early stage [1]. Screening for CRC
lowers both the mortality and the incidence of the disease
and is widely recommended for people over 50°s.

Colorectal cancer screening still implies improvements
in order to ensure reliable tests to be practiced on a large
scale, with better specificity and sensitivity and with an
optimal cost/efficiency ratio. The existing tests do not fully
accomplish these goals. Each existing screening option
(i.e., fecal occult-blood testing [FOBT], sigmoidoscopy,
colonoscopy and barium enema) has advantages and
limitations and no option is ideal. As a result, molecular
genetic screening analysis of stool DNA has been proposed
as an alternate, noninvasive screening tool for CRC [2, 3].

This study was designed to analyze the genetic mutations
identified in the DNA of exfoliated cells in the stool of the
patients diagnosed with CRC through screening and to
demonstrate the similarity between the detected mutations
in tumor samples and in exfoliated stool cells. Finally, we
aimed to prove the reliability of these cytogenetic tests in
order to implement them in CRC screening programs.

Material and method

We studied 200 patients diagnosed with CRC within
the screening program. We obtained both biopsy and stool
samples that have been submitted to genetic analysis in order
to detect mutations through DNA electrophoresis technique
in denaturing gradient polyacrylamid gel. Subjects were
given detailed instructions for stool collection; no dietary or
medication modifications were required and a minimal 30g
sample was required. Fresh samples of colorectal biopsy and
of feces were immediately frozen at —20°C.

The analysed genes and their mutations were selected
based on the ground of genetic studies of CRC patients with a
positive family history [4-6]. The studied genes in both types
of prelevated samples were: the APC gene, the COLI11A41
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gene, and the genes responsible for hereditary nonpolyposis
colorectal cancer: MLHI, MSH2 and MSHG6.

A chromosomal study was carried out in 20 patients
with tumor masses detected by screening. We analyzed all
chromosomes and used the PRINS technique to diagnose
chromosomal microsatellite changes in studied cases.

The genetic methods of processing samples were
the denaturing gradient gel electrophoresis method and
the polyacrylamid gel electrophoresis method for the
heteroduplex analysis.

Denaturing gradient gel electrophoresis (DGGE) [7]

The method (Fig. 1) allows a rapid screening for single
base changes in DNA fragments.

The technique is based on the migration of double
stranded DNA molecules through polyacrylamide gels
containing linearly increasing concentrations of denaturating
agent, such as formamide and ureea, although increasing
temperature gradients have also been successfully applied.
The position in the gradient where a domain of a DNA
fragment melts and thus nearly stops migrating is dependent
on the nucleotide sequence in the melted region. Sequence
differences in otherwise identical fragments often cause
them to partially melt at different positions in the gradient
and therefore “stop” at different positions in the gel.

By comparing the melting behavior of the polymorphic
DNA fragments side-by side on denaturing gradient gels,
it is possible to detect fragments that have mutations in the
first melting domain.

Denaturant
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Fig 1. The DGGE technique.

Polyacrylamide gel electrophoresis method for the
heteroduplex analysis (HA) [7]

Heteroduplex analysis (Fig. 2) has been used to enhance
the sensitivity of DGGE in the detection of point mutation
[12-14]. DNA fragments for HA can be visualized via a
variety of methods including bromide staining, labelling with
radioisotopes, and silver staining. The mutation detection
rate of HA under ideal conditions is near 90%.

By using PCR amplification from individuals
heterozygous for any sequence difference, the single
strands do not necessarily rehybridize exactly with the
complementary strand. They can alternatively form a DNA
hybrid (heteroduplex) consisting of a sense strand with
one sequence variant and an antisense strand with another
variant.

As a consequence, the heteroduplex DNA has a region
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Fig 2. The polyacrylamide gel electrophoresis method
for heteroduplex analysis.

of at least one base pair mismatch. The region of mismatch
can elicit a mobility shift, which is usually small but can
be visualized after prolonged electrophoresis on native
polyacrylamide gels.

Technical principles

Detection of a certain gene mutation includes the
following steps:

1. genomic DNA extraction from the analyzed
samples;

2. amplification of the interested gene amplicons through
PCR reaction;

3. amplification check up through electrophoresis in
agarosis gel and bromide ethidium staining;

4. mutation identification through DGGE technique and
silver or ethidium bromide staining.

DNA extraction from proposed samples

DNA extraction from the stool has been made by a
specific kit for stool extraction (QIAGEN GmbH, Hilden,
Germany) [8, 9]. DNA tissue extraction from the colorectal
cancer has been performed using DNA IQ (TM) System kit
(Promega, USA) [10].

Validation of human origin of DNA extracted from
stool by STR loci typing

In the preliminary phase of our study, we comparatively
analyzed the DNA extracted from the biopsy samples of the
patients with the DNA extracted from the stool samples of
the same patients. This comparative analysis was performed
by investigating 9 human STR loci (“short tandem repeat”
or “microsatellite repeats”), frequently used in the DNA
typing techniques of forensic medicine. Determination of
the 9 loci has been made by using kits of molecular biology,
namely GenePrintSTR Systems of Multiplex type (Promega,
USA).
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The PRINS technique [7, 11]

The advent of molecular genetic techniques has brought
forth new procedures for in situ chromosomal analysis. One
of these techniques is the primed in situ labeling (PRINS)
procedure (Fig. 3). The PRINS method combines the
high sensitivity of the PCR reaction with the cytological
localization of DNA sequences. The technique has thus
proved to be a useful tool for in situ chromosomal screening,
and has become a simple and efficient complement to
conventional cytogenetic and FISH methods [11, 12].

The PRINS method produces the same type of results as
FISH. However, the main advantages of the PRINS design
are faster (complete procedure, including fluorescence
detection, is less than two hours) and cheaper detection
of target sequences, probes are readily available from any
oligonucleotide synthesis facility, and can be designed to
suit this purpose.

Results

The aspect of the electrophoresis plaque obtained in
order to point out the STR alleles for the studied cases is
shown in Fig. 4. In all analyzed cases, the STR alleles from
the “b” sample (biopsy), respectively the “f” sample (stool)
are identical. This fact proves that the DNA samples have
the same origin, belonging to the same patient, and the
extracted DNA quantity is sufficient for PCR amplification
that is required for further testing.

1. DGGE analysis of the APC gene mutations

The APC gene was studied by DGGE technique in 50
patients. As most of the identified APC gene mutations
are localized around specific “hot points” of the gene, the
DGGE study of the APC gene is usually performed on
exons 1-15.
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Fig 4. DGGE plaque of the PCR amplification
products for the analyzed loci. “L” — allelic
“ladders” for each locus. “lb, 2b,....6b”
— amplified biopsy DNA . “If, 2f,....6f" —
amplified stool DNA. .

Among the 15 exons of the APC gene, we analyzed
the mutations of 10 exons, which are amplified in 12 PCR
reactions.

PCR reaction. The 12 amplicons of the APC gene were
amplified through PCR reaction, in three groups, according
to the common characteristics of the melting point and
migration in the electrophoresis process. After amplification,
samples were examined through electrophoresis in agarosis
gel to confirm the successful outcome of the amplification.
Two samples were applied for migration, one being
considered as the “normal” type (the same in all the cases),
and the other representing the analyzed case.

DGGE analysis of exons 4, 5 and 7. We detected
mutations at the level of the exon 4 in 9 patients. The DGGE
analysis of the exons 5 and 7 showed no electrophoretic
pattern pointing out a mutation in all the analyzed cases.

The DGGE analysis of the exon 4 clearly proves the
presence of a displaced bands pattern in three cases, when
comparing with control (Fig. 5) which indicates the presence
of mutations. The same gap in the sample, as compared to
the control, can be seen in both DNA samples, from biopsy
and stool.

DGGE analysis of exons 8, 9, 10 and 12. By respecting
the “melting” properties of the PCR fragments obtained
through exons 8, 9, 10 and 12 amplification, we discovered
a mutation of exon 9, using the melting point at 69°C. The
mutation became obvious in both the DNA samples, from
biopsy and stool, in 5 cases (Fig. 6).

The DGGE analysis of the exons 8, 10 and 12 showed
no electrophoretic pattern evidencing a mutation in all the
analyzed cases.

DGGE analysis of exons 13, 14 and 15. The DGGE
analysis of the exon 13 detected different mutations in 6
patients. Two types of specific mutations were detected in
two cases (Fig. 7). As we observed, the pattern of mutation
differed in these two cases, but the mutation was identical
in both samples, from stool and biopsy.

The DGGE analysis of the exon 14 showed no
electrophoretic pattern pointing out for the presence of any
mutation in all the analyzed cases.

The analysis of the exon 15, with the size of 6.5 bp, was
made with three pairs of primers, for the amplicons ¢, d and
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20%

v
60%

Fig 5. DGGE of the amplified
DNA for exon 4 of the APC
gene (M — control; P — sample),
using silver staining. First 6 fronts
— biopsy DNA (4PC biopsy). Last
4 fronts — stool DNA (4PC stool).
L — molecular weight ladder.
Arrow — direction of migration
and increasing concentration of the
denaturation gradient.

AP C biopsie APC mfec

2/biop. 2/mfec.
APC Exon 9

Fig 6. DGGE of the amplified DNA
for exon 9 of the APC gene (M
— control; P — sample).

e. Two mutations of the amplicon ¢ were identified in five
patients (Fig. 8). Even in these cases, the mutations were of
a different type, but identical in biopsy and stool.

2. DGGE analysis of MLH1, MSH2 and MSH6 genes
mutations

The MLH]I gene consists of 3 exons and 22 amplicons
and the MSH?2 gene, consists of 2 exons and 22 amplicons.

All three analyzed genes, on all amplicons groups, in all
90 studied cases (30 cases for each studied gene) showed no
mutations. (The primers for the PCR amplification of these
amplicons were provided by INGENY, Holland). We noticed
no difference in the migration speed through DGGE of the
control compared to the samples in any studied case.

LM P|MP
4 biop J4m fec| 9 biop
APC Exon 13
Fig 7. DGGE of the amplified DNA
for exon 13 of the APC gene (M

— control; P — sample).

M P

M P|M P|lm ifpl

1biop | 1mfec| 10b
APC Exon 15¢

Fig 8. DGGE of the amplified DNA

for exon 15c of the 4APC gene (M

— control; P — sample).

3. DGGE analysis of COL11A1 gene mutations
through DNA heteroduplexes

COL11A1 contains 68 exons, yet not wholly sequenced,
of which exons 38, 41, 16, 54, 55, 56 and 57 were studied.

Heteroduplex analysis for exons 38, 41 and 16. For all
3 analyzed amplicons in all 40 studied cases, the migration
speed was identical for both control and samples.

Heteroduplex analysis for exons 54, 55, 56 and 57. 1t
clearly demonstrated in 6 cases the presence of a displaced
bands pattern in the biopsy samples compared with control.
We noticed no mutations in the rest of the analyzed cases.

For case no. 6, the fronts marked with “M” and “P” present
a single migrating band (Fig. 9). The “M+P” migrating front
presents two bands, out of which the slowest part generates the
heteroduplexes obtained through denaturation-renaturation,
and the faster one, the homoduplexes. The samples differ
from the wild type due to the fact that they contain amplified
mutant type DNA, which through electrophoresis leads to
speed migration modification. The mutation detected by us is
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Fig 9. Electrophoresis in 6%
polyacrylamid gel of the processed
samples in order to point out
heteroduplexes for exon 54, using
silver staining. L —molecular weight
ladder. M — healthy individual allele
(control). P — unprocessed allele
for exon 54. M+P — denatured-
renatured sample.

a substitutive type one as a series of two bands was evident
on the migration front.

4. Chromosomal aberrations

The chromosomal study was carried out in 20 patients.
We analyzed all chromosomes and consequently determined
by means of the PRINS technique and of the kits
provided by Boehringer-Mannheim (Germany), the
microsatellite changes of chromosomes 1, 7, 9, 20 and in
10 achrocentric chromosomes. We obtained the following
results: the primer derived from [B-satellite sequence
(AGTGCAGAGATAGTCACAATG-CCCC) marked 6
situses with a strong signal in PRINS reaction — it was
the chromosome 1 and another two pairs of achrocentric
chromosomes (Fig. 10). Six other situses were well marked
with the satellite III area primer —chromosome 9, 7, and the
third pair of the achrocentric ones (Fig. 11).

After 20 amplification cycles, the number of marked
situses doubled, and the signal became stronger. For
example, a single repetitive sequence located on the
chromosome 9 is easily detected through PRINS reaction
(Fig. 11a). The amplification in several cycles amplifies the
initial sequences of the chromosome 9 and also detects other
situses that include fewer copies of the sequence, respectively
chromosome 1, and the achrocentric chromosomes 13-15 and
21-22 (Fig. 11b).

Discussion

Stool DNA analysis is an emerging non-invasive
diagnostic tool for CCR [13]. Although companies that
produce kits for DNA extraction from such biologic samples

Fig 10. PRINS amplification with
primers for the B-satellite region

a. Chromosome 1 and a pair of
achrocentric chromosomes are marked
after a single amplification cycle. b. A
greater number of chromosomes are
marked after 10 amplification cycles and
the original signal is stronger. c. After
20 amplification cycles, 10 achrocentric
chromosomes plus chromosomes 1, 7,
9 and 20 are marked.

warrant individual genomic DNA presence, there are no
studies proving that this DNA effectively belongs to the
host. It is obvious that the DNA extracted from stools may
originate not only from the colorectal mucosa, but also from
the colorectal microbial flora, from the potential eukaryotic
parasites, and even from undigested food remains of animal
origin. Direct analysis of DNA extracted from stools
supposes that, through PCR amplification procedure, the
DNA of the host is specifically amplified due to the use of
specific primers. Nevertheless, a successful PCR reaction
does not guarantee that the matrix DNA belongs to the
individual from whom the stool probe provides.

We found no studies aiming to clarify this crucial aspect
for a correct interpretation of the results. Therefore, in our
study we comparatively analyzed the DNA extracted from
the biopsy samples of the patients with the DNA extracted
from the stool samples of the same patients, by investigating
a number of 9 human STR loci. We consider this method
as the most emphatic in proving that the DNA origins from
the same person, both in biopsy tissue and stool. Our results
plead for the validation of the stool samples (from the
exfoliated tumor cell) as belonging to the subject from whom
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Fig 11. PRINS amplification with
primers for the satellite III region. a.
After a single amplification cycle, only
chromosome 9 is marked. b. After 5
amplification cycles, chromosome 9
is intensely marked, but achrocentric

chromosomes and even some
metacentric chromosomes are also
marked.

the probe was collected, because they expressed the same
genetic profile as the ones obtained from tumor biopsy.

Diagnosing CRC by testing stool for DNA is based on
identifying the oncogene mutations characteristic of colorectal
neoplasia that are detectable in exfoliated epithelial cells in
the stool, as a healthy adult excretes approximately 1,010
epithelial cells every day [14]. However, no single mutation
has been identified as being expressed universally. For this
reason, multiple target assay panels (MTAP) currently being
studied have the potential to attain higher detection rates than
current screening methods.

In our study, we found mutations involving the APC gene,
and the COL11A41 gene. Our chromosomal study detected
instability in the cases of chromosomes 1, 7,9, 20 and in 10
achrocentric chromosomes.

Stool-based DNA testing is a promising, single,
noninvasive test that is intended to identify the presence of
genetic mutations known to be associated with CRC. The
accuracy of the test in asymptomatic persons (e.g., the target
population for screening) is unclear.

There is a lack of consensus on how many or which
markers are necessary for the test to achieve acceptable
sensitivity and specificity level [15].

Conclusions

The genetic tests performed in our study argue for the
validation of the stool samples as belonging to the subject
from whom the probe was collected, due to the fact that
they have the same genetic profile as the ones obtained from
tumor biopsy.

By studying MLH1, MSH2, MSH6, APC and COL11A1
gene mutations, we identified the presence of APC gene
mutations, at the level of exons 4, 9, 13 and 15c¢, and the
presence of COLI1A41 gene mutations at the level of exon
54, mutations that can be recommended as genetic tests with
great specificity in CRC screening.

We detected instability in the cases of chromosomes 1,
7,9, 20 and in 10 achrocentric chromosomes.
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Abstract

Advanced liver cirrhosis requiring hospitalization is frequently associated with electro-
Iytic disturbances, the most common fnding being serum hyponatremia. The goal of
treatment in patients with decompensated liver cirrhosis complicated with severe hypo-
natremia is to normalize the increased amount of water in the body and to improve the
sodium concentration. Fluid restriction is recommended at 1.5 L/day to prevent sodium
depletion in the serum, but the lack of efcacy is probably due to a poor patient com-
pliance. Discontinuation or adjustments of diuretic dosages are sometimes required.
Albumin associated with vasoconstrictors as midodrine can increase the efective arte-
rial blood volume and seems to improve the serum sodium concentration. A promis-
ing therapeutic option targeting the pathophysiological mechanism of hyponatremia
consists of improving solute-free water excretion, which is markedly impaired in these
patients. The use of agents such as k opioid agonists has been atempted, but has been
dropped due to the severe side efects. Recently, a new therapeutic class called vaptans
has taken an important place in the treatment of hypervolemic hyponatremia. The main
side efects during the administration of these drugs in patients with liver cirrhosis are
reversible after discontinuing therapy. Therefore, it is recommended to use vaptans for
short periods of time.

Keywords: hypervolemia, hyponatremia, liver cirrhosis, fuid restriction, vasopressin
receptor antagonists, vaptans
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1. Introduction

Ascites is the most common complication of cirrhosis, approximately 60% of patients develop
ascites within 10 years of disease progression. The mechanism of production is the devel-
opment of portal hypertension and renal retention of sodium. This inability to excrete an
adequate amount of sodium in the urine occurs due to arterial splanchnic vasodilatation.
Therefore, arterial and pulmonary cardio vascular receptor activation occurs with homeo-
static activation of vasoconstrictor and sodium retention systems, resulting in a decrease in
the required arterial blood volume. Renal sodium retention increases the volume of extracel-
lular Fuid leading to ascites and edema [1Ai5].

At approximately 75% of patients from Western Europe and USA, the main cause of ascites is
represented by cirrhosis. Other causes of ascites may be malignancy, heart failure, tuberculo-
sis, pancreatic disease, or other causes.

Hyponatremia is one of the complications that occurs in end stage cirrhosis due to the impos-
sibility of renal clearance of free water, which leads to a higher water retention than sodium
with the occurrence of hyposomolarity, with an increase in mortality and morbidity. In the
pathogenesis of hyponatremia, the main factor involved is hypersecretion of antidiuretic
hormone (ADH). Hyponatremia is a risk factor for both hepatic encephalopathy and liver
transplantation because it is associated with an increased frequency of complications and a
short-term survival [6].

2. Definition

Patients with liver cirrhosis show two types of hyponatremia: hypovolemic and hypervolemic.

Hypervolemic hyponatremia is the most common form and is characterized by low levels of
serum sodium and increased volume of extracellular fuid, ascites, and edema. It may appear
secondary to bacterial infections, excessive hypotonic fuids or may occur spontaneously.
Hypovolemic hyponatremia is less common, with low levels of sodium, without ascites and
edema as a consequence of excessive diuretic administration.

Hyponatremia is defned when serum sodium levels fall below 130 mmol/L but according to
the recent guidelines, reductions below 135 mmol/L should also be considered as hyponatre-
mia [7].

3. Prevalence

A study made over an Asian population following 997 patients with cirrhosis and ascites over
28 days in 28 centers showed that hyponatremiais present in more than half of the patients [8].
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4. Pathophysiology

The mechanism by which ascites fluid is formed is the excess water and sodium retention in
the body. Several theories have been developed to understand pathophysiology, and in turn,
it has been shown that much of it would arise as a result of portal hypertension. The three
proposed theories are three distinct mechanisms named: filling, oversaturation, and periph-
eral arterial vasodilatation. The first theory of filling is determined by portal hypertension and
decreased circulating volume that produces vascular fluid retention. Since cirrhotic patients
have a higher percentage of hypervolemia than hypovolemia, the second overload theory is
determined by the retention of water and sodium in the absence of volume exhaustion. And
the third theory uses the first two theories. This indicates that vasodilation occurs as a result
of portal hypertension and favors the increase in arterial blood volume. Also, several factors
are involved in ascites fluid formation: hypoalbuminemia and oncotic low plasma pressure,
elevated levels of epinephrine and norepinephrine.

The main mechanism of hyponatremia is represented by arterial vasodilation. By reducing
effective blood volume, several neurohumoral systems such as the renin-angiotensin-aldo-
sterone system and the sympathetic nervous system are stimulated and lead to the release of
ADH.

Activation of those trigger systems causes sodium retention and may lead to renal vasocon-
striction. Vasopressin 2 receptors affected by the ADH play an important role in rate of excre-
tion of solute-free water. In the end, water excretion occurs with the appearance of serum
dilution and hypo-osmolality [6].

Under normal circumstances, there is a synchronous increase in serum osmolarity and ADH
secretion, and reabsorption of water occurs when activating the aquaporin channels in the
renal collection tubes. In opposite, the inactivation of aquaporin channels occurs when a
decrease in osmolarity appears, resulting in urine dilution as a mechanism in maintaining
serum osmolarity. Thus, the good functioning of osmoreceptors in the anterior hypothala-
mus, the release of ADH and the mutual action between ADH and AQP-2 compete to adapt
the release of free water.

ADH is secreted into the supraoptic and paraventricular nuclei of the hypothalamus and
maintained in the posterior pituitary gland. Vasopressin secretion is stimulated by increased
plasma osmolarity and hypovolemia. The release of ADH is conditioned by osmotic and
nonosmotic stimulation. The osmoreceptors in the anterior hypothalamus, near the supra-
optic nuclei mediate the osmotic pathway. These receptors detect intracellular water content
in neurons and respond to changes in plasma osmolarity. The main nonosmotic pathway
delivers an ADH release through the autonomic nervous system mediated by baroreceptors
located in the atrium, ventricle, aortic arch, and carotid sinus. Through the parasympathetic
pathway, these baroreceptors stimulate the hypothalamus to release ADH in response to
hypovolemia [9].

19
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Most patients with cirrhosis present low serum osmolarity and sodium levels, and itis expected
to produce inhibition of ADH release if stimulation was achieved by osmoreceptors [10].
Because of the activation of the neurohumoral mechanisms that retain sodium, the levels of
ADH, aldosterone, norepinephrine, and renin activity were significantly higher in patients
with cirrhosis and ascites after the water loading test. Effective arterial uptake would result
from a decrease in systemic vascular resistance and would result in nonosmotic stimulation
due to baroreceptors of ADH and other vasoconstriction systems. These cause the activation
of the neurohumoral mechanisms that produce sodium retention in order to restore the perfu-
sion pressure [11].

It is suggested that hypoosmotic stimuli are suppressed by nonosmotic stimuli to suppress
ADH release. That is why the body sacrifices osmolar homeostasis and releases ADH fol-
lowing nonosmotic stimulation of endogenous vasoconstrictors, and thus impairs vascular
collapse by exhausting effective circulatory volume. It results in an inability to release sodium
and water to replenish the circulation volume. All of these things happen despite the increase
in cardiac output, plasma volume, and total body volume. To eliminate the extra amount of
water, it is necessary to suppress adherence and the ability of the kidneys to remove water.
The presence of nonosmotic adherence leads to the occurrence of a hyponatremia of dilution
or hypervolemic hyponatremia. Therefore, in this category of patients, hyponatremia is only
dilute and does not represent a sodium deficiency [12].

In a prospective cohort study of patients with ascites, it was demonstrated that the occur-
rence of hyponatremia is preceded by refractory ascites and subsequently by hepatorenal syn-
drome. Each of these steps was associated with a progressive Child Pugh score and Model for
End Stage Liver Disease (MELD) indicating a worsening of liver function. Therefore, hypona-
tremia is an intermediate stage between ascites progression and hepatorenal syndrome [13].

5. Prognostic value

Hyponatremia in patients with cirrhosis is chronic, therefore, allows the brain to adapt to
the hypo extracellular fluid osmolality. In conclusion, patients are less likely to have severe
neurological symptoms. However, hyponatremia can aggravate cerebral edema and swollen
astrocytes by adding to their dysfunction created by increased intracellular glutamine con-
centration, speeding up the appearance of hepatic encephalopathy [6].

Due to the severe restriction of fluid consumption, the quality of life of patients with cirrhosis
and hyponatremia is poor [14]. Several studies have shown that the severity of hyponatremia
and ascites is a prognostic factor of the disease [15, 16]. In one study, it was demonstrated that
the serum sodium level prior to the occurrence of spontaneous bacterial peritonitis (SBP) was
an independent predictor of renal insufficiency produced by SBP [17]. It is also a predictive
marker with a higher sensitivity than serum creatinine to predict the occurrence of circulatory
dysfunction resulting in renal insufficiency or death. Although patients with hyponatremia
are susceptible to the hepatorenal syndrome, there is not only an increased level of ADH
involved, but there is a decrease in glomerular filtration rate (GFR) and proximal sodium
reabsorption [18].
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Sodium concentration was included in the MELD model to indicate the need for liver trans-
plantation and patient priority on waiting lists in order to improve prognosis [19]. It was
found that the MELD-Na score indicated an anticipation of short-term mortality of transplant
patient candidates much beter than the initial MELD score [20].

6. Clinical presentation

Symptoms of hyponatremia are caused by the damage to the nervous system, with cerebral
edema due to the migration of water from the intravascular space in the brain [21]. As a rapid
adaptive mechanism, there is an increase in electrolytes in brain cells. As a slow adaptation
mechanism, organic osmoliths are extruded. Finally, these mechanisms help return the water
to the intravascular space and prevent brain edema [22].

Mild Severe
hyponatremia hyponatremia
— Nausea —  Vomiting
—  Confusion — Somnolence
— Headache — Seizures

Cardio-
— Disorientation — respiratory
failure

Neurological

deficits Coma

Figure 1. Clinical manifestations of hyponatremia.

21



22

Management of Chronic Liver Diseases - Recent Advances

In patients without hepatic impairment, hyponatremia manifests with: headache, disorien-
tation, confusion, and neurological defcits. In contrast, in cirrhotic patients, hyponatremia
develops slowly and at a value of 125 mEqg/L is asymptomatic due to adaptive mechanisms.
However, a rapid drop in sodium concentration may overcome adaptive mechanisms and
serious symptoms may occur such as coma, seizures, brain-stern herniation, respiratory fail-
ure, and death [23] (Figure 1).

Hyponatremia usually occurs in the fnal stage of liver disease and is difcult to diferentiate
if the symptoms are within it or are part of liver encephalopathy occurrence. Both hyponatre-
mia and hyperammonemia cause an alteration in brain metabolism of myoinositol [24].

Some theories show that hyponatremia can cause the appearance of aminimal cerebral edema
that occurs by swelling of astrocytes and may cause the appearance of hepatic encephalopa-
thy. This minimal brain edema occurs by increasing the concentration of glutamine resulting
from the metabolism of ammonia and leads to a series of neurological changes to the appear-
ance of hepatic encephalopathy [25].

7. Complications

Central pontine myelinolysis (CPM) is a complication of severe hyponatremia and occurs
when its correction has been achieved very quickly. It is a neurological disorder that consists
of a demyelination that occurs in a region called pons [26].

The mechanism by which this afection occurs is not fully known. One theory claims that
this demyelination occurs by compressing fbrous structures as a result of cerebral edema
arising from an osmotic fuctuation. Currently accepted theory supports the fact that brain
cells adjust their osmolarity with certain osmolites, like inositol, betaine, and glutamine. In
case of chronic hyponatremia, there is a decrease in these osmoliths in the brain, preventing
fuid absorption [27, 28]. Clinical manifestations depend on the afected brain region, initially
manifested by symptoms of hyponatremic encephalopathy such as nausea, vomiting, head-
ache, confusion, and seizures. These symptoms can be reversed when adjusting the sodium
concentration. Later signs of myelinolysis such as walking disturbances and respiratory
dysfunction can occur [29]. Among the risk factors for this condition are: sodium concentra-
tion <120 mEg/L for 48 hours, aggressive correction with saline solution and the occurrence of
hypernatremia during treatment. If post liver transplant patients develop symptoms as confu-
sion or weakness, CPM should be suspected because it may complicate a liver transplant [30].

Although the prognosis is poor with the occurrence of numerous neurological complications
such as spastic quadriparesis and blocked syndrome, recovery is possible although it has a
long duration [31].

Diagnosis can be done clinically and imagistically. The preferred imaging method is MR,
although lesions appear late and often initially may be normal [32]. The most common images
are T2 weighted with hyperintense areas where demyelination was performed [33].
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8. Management of hyponatremia

There are no data to recommend optimal serum sodium to initiate the treatment, but is gener-
ally recommended at a value of 130 mmol/L.

The identification and adjustment of excessive diuretic dosages and the addition of sodium
are the main treatment requirements in the setting of hypovolemic hyponatremia. In case of
hypervolemic hyponatremia, the most important issue is to decrease the amount of water to
improve the sodium concentration.

When patients experience neurological symptoms due to hyponatremia or have a sodium
concentration of less than 120 mEq/L, fluid restriction is indicated. In the case of mild and
asymptomatic hyponatremia, fluid restriction is not indicated. Increasing sodium concentra-
tion in the first 24—48 hours is an important parameter that suggests an adequate fluid restric-
tion. If this increase does not occur, either the restriction has to be more severe or the patient is
not compliant. Fluid restriction is useful, but ineffective. Because the fluid restriction is severe,
most patients cannot be compliant.

If patients have severe hyponatremia, there have been no responses to fluid restriction; it is
indicated to administer the hypertonic saline. However, caution should be exercised in order
not to cause a rapid increase in sodium concentration, which predisposes to the occurrence
of numerous complications such as: central myelinolysis, quadriplegia, coma, or death [6].

The efficacy of using hypertonic sodium chloride in severe hypervolemic hyponatremia
is partial, short-lived and aggravates ascites and edema. Instead, administration of albu-
min appears to have benefits, helps to increase the sodium concentration, but is not fully
studied [34].

An important issue in patients with cirrhosis and hyponatremia is the correction of hypokale-
mia. Hypokalemia favors the appearance of hepatic encephalopathy because it increases the
kidney synthesis of ammonium. By correcting it, there is also an increase in sodium concen-
tration because both sodium and potassium are osmotically active [35].

In the past, the use of k-opiod agonist therapy has been attempted due to side effects [36].
According to recent studies, a new class of therapy, called vaptans, has been discovered in
the treatment of hypervolemic hyponatremia. Vaptans selectively block the V2-receptors
of AVP. They can be used in diseases like syndrome of inappropriate antidiuretic hormone
secretion (STADH), heart failure and cirrhosis, having the role of improving sodium concen-
tration. The benefits of their administration over a short period of time are the increasing of
urine volume and solute-free water excretion, and also, the improvement of the low serum
sodium levels in 45-82% of patients [37] (Figure 2).

Hypernatremia, dehydration, renal impairment, and osmotic demyelination syndrome owing
to a very rapid increase in serum sodium concentration could be the side effects of the admin-
istration of vaptans in patients with liver cirrhosis. Therefore, treatment should be initiated in
the hospital and patients should be closely monitored to avoid hypernatremia.
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Hyponatremia

Asymptomatic
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Mildly symptomatic
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hyponatremia hypeonatremia (slow correctionrates)

Stop diuretics Identify andtreat the
Hypertonic saline infusion precuiiatingfacion

Fluid restriction< 1 L/day

Hurman albumin infusion

Treatment of hypokalemia

Treatment with vaptans

Figure 2. Management of hyponatremia.

Due to the risk of dehydration and hypernatremia, vaptans are also contraindicated in patients
with an inappropriate consciousness state, unable to measure the volumes of fuid consumed.

The metabolism of vaptans is achieved in the liver by CYP3A enzymes. Therefore, CYP3A
inhibitory drugs should be avoided because they increase the concentration of vaptans and
may lead to the increase of serum sodium concentration. Also, drugs that are inducers of the
CYP3A should be avoided because those drugs can reduce the concentration of vaptans.



Management of Ascites Associated with Severe Hyponatremia
http://dx.doi.org/10.5772/intechopen.76376

Tolvaptan and conivaptan are recently approved in the USA for the treatment of
severe hypervolemic hyponatremia from diseases such as cirrhosis, heart failure and
SIADH. Treatment is started at a dose of 15 mg/day and can be increased progressively
depending on the sodium concentration. In Europe, tolvaptan is authorized only for the
treatment of STADH. As an alternative option, conivaptan can be used to treat hypervolemic
hyponatremia for short periods of time, especially when cirrhosis is associated with various
conditions [38, 39].

Tolvaptan should be initiated without taking into account the period of meals, but initially
it is advisable not to suppress the consumption of fluids to avoid rapid correction of sodium
concentration. If, on completion of tolvaptan therapy, hyponatremia recurs, it should be cor-
rected in a hospital unit. There may be no need for hospitalization, if treatment can be moni-
tored to prevent excessive sodium concentration [40].

In randomized trials, the only side effects of tolvaptan treatment were gastrointestinal bleed-
ing, but slightly increased incidence compared to placebo. It should be taken into account that
the treatment was administered over a short period of time and new studies of the safety of
long-term treatment are needed [41].

Treatment with conivaptan is contraindicated in patients who are allergic to constituents, in
hyponatremia or hypovolaemia because it can induce from renal failure to shock. CYP3a4
inhibitors should not be administered concomitantly [42]. In general, the treatment was
tolerated and adverse reactions were reported: local reactions (pain and erythema at the
administration level), orthostatic hypotension, peripheral edema, headache, nausea, vomit-
ing, urinary tract infections, and insomnia [43]. Effective treatment of hyponatremia should
be initiated promptly to prevent irreversible neurological damage, but rapid correction may
cause osmotic demyelination syndrome that can lead to death [44].

Domecycline favors the increase in free water excretion as an ADH antagonist, but cannot be
used in cirrhosis due to nephrotoxicity [45].

The use of vasoconstrictors in hyponatremia is not tested, but studies of the hepatorenal syn-
drome have shown an improvement in sodium concentration [46].

The use of vasoconstrictors in hepatorenal syndrome has the following benefits: it improves
the effective blood volume, vascular or systemic vasodilation, and renal perfusion. They are
usually used in concomitant albumin administration. The most commonly used are: terlipres-
sin, norepinephrine, vasopressin, and octeotrid, in combination with midodrine.

This combination can be used without supervision in a medical unit and is safe. Octreotide
produces decreased splanchnic vasodilatation and midodrine improves renal perfusion and
in combination with albumin improves kidney function, but there are still insufficient studies
in this regard.

The octreotide is administered subcutaneously at the dose of 100 micrograms, 3 times per
day, and the dose can be increased to 200 pg, 3 times per day. Midodrine is given orally
7.5 mg, 3 times per day and the dose can also be increased up to 12.5 mg, 3 times per day [47].
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Treatment with terlipressin should be avoided in patients with cirrhosis, as it may cause severe
hyponatremia, reversible upon discontinuation of treatment. Terlipresin acts on the vasopres-
sin V1 receptor, but is also a partial vasopressin V2 receptor agonist. This is beneficial in the
treatment of bleeding caused by portal hypertension, but also in hepatorenal syndrome [48].

By correcting hyponatremia in patients with cirrhosis, there are number of advantages: avoid-
ing fluid restriction, administering effective doses of diuretics, especially in the treatment of
refractory ascites, reducing the risk by developing hepatic encephalopathy, and improving the
quality of life. It can also help reduce neurological complications after transplantation [49, 50].

9. Conclusions

Hyponatremia is a complication of cirrhosis, associated with an increased risk of mortality
and morbidity in patients on the waiting list for a liver transplant. It also increases the risk
of complications, such as hepatic encephalopathy, renal failure, and spontaneous bacterial
peritonitis.

Hyponatremia occurred during cirrhosis evolution has as a pathophysiological mechanism
arterial vasodilation that produces inadequate AVP secretion and a reduction in glomerular fil-
tration rate with impairment of free water clearance. Clinical presentation does not differ from
that of patients without hepatic impairment, but the symptoms of hyponatremia in cirrhosis
are sometimes associated and difficult to differentiate from those in hepatic encephalopathy.
As a dilutional hyponatremia, its treatment is not indicated if it is asymptomatic. Conversely,
at a concentration of Na <120 mEq/L and on the occurrence of neurological symptoms, treat-
ment can be initiated. An exception is the situation where patients are about to receive a liver
transplant in a short time and the Na concentration is <130 mEq/L. In this case, its treatment
is indicated to prevent the occurrence of serious neurological complications such as osmotic
demyelination syndrome as a result of a rapid correction in the operating room. An important
role is the differentiation of hypovolemic hyponatremia from the hypervolemic hyponatre-
mia to initiate a suitable therapeutic scheme. In hypovolemic hyponatremia, it is necessary to
identify the trigger factor and its treatment, usually discontinuation of diuretic treatment and
administration of salt solution represents optimal methods in the correction of this. In hyper-
volemic hyponatremia, therapeutic methods are limited. Fluid restriction to about 1 L/day is
important in improving Na concentration, but a small number of patients may be compliant
with this therapy. Administration of saline solution in this case is only recommended if hypona-
tremia is severe because it usually favors the growth of ascites fluid and edema. Administration
of albumin appears to be beneficial, but there is not enough data to confirm this.

A novelty in hyponatremic therapy is the treatment with vaptans. Treatment with tolvaptan
should be given in the hospital to avoid a sudden increase in Na concentration, in oral admin-
istration, and with the possibility to increase the dose progressively to achieve the desired
effects. Concomitant administration with vaptans of saline solution or fluid restriction is
contraindicated to prevent osmotic demyelination syndrome. Medications that are inhibi-
tors or inducers of CYP3A are also contraindicated. Conivaptan is given intravenously. Both
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conivaptan and tolvaptan can be administered for a short period of time, and hyponatremia
may reappear when the treatment is stopped. Although treatment with vaptans is efective in
relieving hyponatremia, their use requires additional data.
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Abstract

Hepatocellular carcinoma (HCC) is the most frequent primary malignancy of the liver and
it is one of the leading causes of cancer-related deaths worldwide. The global burden of
hepatocellular carcinoma is growing nowadays. Most cases of hepatocellular carcinoma
develop in the background of chronic hepatitis C and B and liver cirrhosisiwell-known
risk factor. But despite the reducing incidence of chronic hepatitis infections, an increase in
the incidence of hepatocellular carcinoma was observed in the last decades. This could be
explained by the increasing prevalence of obesity, type 2 diabetes mellitus, nonalcoholic
fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH), which are becom-
ing important risk factors in hepatocellular carcinoma. Regular surveillance, as performed
for patients with viral hepatitis, is required for patients with metabolic risk factors.

Keywords: hepatocellular carcinoma, nonalcoholic fatty liver disease, nonalcoholic
steatohepatitis

1. Introduction

Hepatocellular carcinoma (HCC) is one of the dominant histopathological types of liver cancer,
accounting for almost 90% of primary liver cancers worldwide, it is the sixth most common
cancer and it is the third cause of cancer-related deaths worldwide [1]. Despite the decreasing
incidence of HCC related to viral hepatitis, an increase in the incidence of HCC was observed
especially in Europe and America [2]. The global burden of hepatocellular carcinoma in 2012
was of 14 million cases and it is predicted to grow to 22 million over the next two decades.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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The most common and known risk factor for HCC are viral infection, virus B or C, toxic factors
- alcohol and aflatoxin and immune diseases like primary biliary cirrhosis. There is an increas-
ing number of HCC developed on liver metabolic diseases, including NAFLD and NASH,
based on epidemiological evidence that shows a relationship of these diseases with an incident
of HCC, regardless of the common known risk factors like alcohol consumption or chronic
viral hepatitis.

It is not surprising the growing interest in the last few years on the mechanisms underlying the
transition from liver metabolic disorders to HCC that is involving these new metabolic risk
factors that include inflammation, insulin resistance, lipid and bile acids metabolism and the
gut microbiota. A better understanding of the impact of these factors on the liver microenvi-
ronment may have potential benefit on the management of liver disease [3].

Metabolic syndrome has been associated with an increased risk of HCC and each component
of this syndrome may increase cancer risk and also a synergic effect has been described [4, 5].
Overweight and obesity are well recognized independent risk factors for HCC, visceral adi-
posity showing stronger association with HCC risk than general body weight [6, 7]. Studies
demonstrated that obesity may also influence HCC prognosis, Body Mass Index (BMI) seems
to be a predictor of microvascular invasion and poor prognosis, while visceral adiposity is
associated with HCC recurrence after treatment [8, 9]. Type 2 diabetes mellitus has been
recognized in various studies as an important independent risk factor for HCC regardless of
alcohol consumption [10]. Hyperlipidemia and hypertension are two additional components
of metabolic syndrome that have been studied as risk factors for HCC, and hypertension seems
to be related to a higher risk of HCC, whereas the relation between HCC and hyperlipidemia
remains controversial [4, 5]. Also, synergism between the new risk factors and traditional risk
factors has to be considered, for example, a strong synergic effect of alcohol abuse and type 2
diabetes mellitus has been described, also diabetes and obesity have been reported to enhance
the risk of HCC in patients with chronic hepatitis [11, 12].

Non alcoholic fatty liver disease (NAFLD) is one of the most common cause of chronic liver
disease and include a large spectrum of chronic liver disorders ranging from simple hepatic
steatosis with no evidence of hepatocellular injury to non-alcoholic steatohepatitis (NASH),
advanced fibrosis, cirrhosis and liver failure and currently, all guidelines agree that NAFLD is
associated with the increasing percentage of obesity, type 2 diabetes mellitus, hypertension
and dyslipidemia in our population [13, 14]. Several studies have demonstrated a strong
association between NAFLD and each components of metabolic syndrome and there is enough
evidence to define NAFLD itself as a liver component of metabolic syndrome [15-19, 46].

The rising incidence of NAFLD/NASH worldwide led to an important rise in HCC incidence
related to these chronic liver diseases [3]. Many studies have demonstrated over the years that
NAFLD can lead to hepatic fibrosis and cirrhosis, increasing therefore the risk for developing
HCC [20, 21]. Among these patients with Non alcoholic fatty liver disease or non-alcoholic
steatohepatitis, studies show that the third cause of death is liver disease, and HCC represents
the main cause of death in these patients [20-23]. The incidence rate for developing HCC in
patients with NASH related hepatic cirrhosis is up to 27% in retrospective studies [24].
Increased incidence of HCC was also been reported in patients with NAFLD in the absence of
hepatic cirrhosis, and several risk factors for HCC development have been identified [6, 25-29].
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2. Natural history: Progression from hepatic steatosis to HCC

The term nonalcoholic fatty liver refers to a variety of liver disease that ranges from simple
isolated hepatic steatosis, to non-alcoholic steatohepatitis with or without cirrhosis, and pro-
gression to HCC.

Although NAFLD diagnosis can be made by imaging (ultrasound or magnetic resonance),
biopsy still remain the gold standard for diagnosis. Histology generally displays the accumu-
lation of triglycerides in hepatocytes, usually in mixed macrovesicular or microvesicular drop-
lets, in the absence of alcohol abuse, steatogenic medication or hereditary disorders [30].

The prevalence of NASH is difficult to determine because biopsy is required, with specific
criteria such as steatosis, hepatocellular injury, mainly in the form of ballooning, and lobular
inflammation, and once cirrhosis is present, NASH may be difficult to evaluate because often
the fatty deposition disappear. Liver fibrosis may be present in non-cirrhotic NASH, initially in
perisinusoidal acinar zone 3 [31]. Because of the need of histopathologic confirmation, NASH
is most likely underdiagnosed and it may be misclassified as cryptogenic cirrhosis, which
shares the same risk factors including diabetes and obesity [32, 33, 46]. Therefore, to estimate
correctly the prevalence of NASH, a novel NASH category including obese patients with
cryptogenic cirrhosis or with unknown HCC etiology has been proposed.

The prevalence of NAFLD and NASH is variable and it is depended on the method of
diagnostic used to confirm the disease, and it is usually underreported because of the asymp-
tomatic nature and can be underestimated and poorly treated.

NAFLD is present in more than 25% of adult population and about 10 to 20% of NAFLD
patients may progress to NASH, which may progress to cirrhosis in 20-45% of cases, and
cirrhosis is a well-known risk factor for HCC, and approximately 7% of patients with NASH-
related cirrhosis may progress to HCC within 6 years [31].

Patients with nonalcoholic steatohepatitis are more susceptible to develop progressive advanced
liver disease when compared to benign course of simple hepatic steatosis. In a study that
included 420 patients with NAFLD/NASH, it was demonstrated a higher mortality in these
patients when compared to the general population and also liver-related deaths occurred in
13% compared to 1% in general population, and 3% of patients with NAFLD developed hepatic
cirrhosis. [34] Another study showed increased rates of hepatic cirrhosis in patients with non-
alcoholic steatohepatitis (25%) compared to patients with fatty liver without non-alcoholic
steatohepatitis (3%), and also showed an increased risk of liver disease related death in these
patients (11% vs 2% in patients with fatty liver without NASH) [35].

Patients with compensated liver cirrhosis related to non-alcoholic steatohepatitis present with
better survival outcomes compared to patients with HCV related cirrhosis, but in the presence of
uncompensated liver cirrhosis poor prognosis was observed in both populations [36, 37], and
currently, both, the American and European Associations for the Study of Liver Diseases, recom-
mend screening for HCC in all patients with non-alcoholic steatohepatitis related cirrhosis [38].

Evidence from studies suggests that an important proportion of patients with NAFLD-
associated HCC, do not have histologic evidence of liver cirrhosis. In one study from 1168
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patients that underwent hepatic surgery for HCC, 6 out of 8 patients with NASH-related HCC
did not had any histopathological evidence of liver cirrhosis and also the study suggested that
the presence of hepatic cirrhosis in NASH-related HCC patients is lower compared to HCV-
related HCC [29].

In another study that analyzed 128 patients with HCC recruited over a period of 12 years, it was
reported that a significant number of patients with NASH developed HCC in the absence of
fibrosis when compared to HCC of other etiology [39]. To explain this phenomenon in non-
cirrhotic NAFLD patients, one proposed hypothesis is the malignant transformation of liver cell
adenoma, and there are some published reports that have suggested that in the presence of
metabolic syndrome features, liver cell adenoma may incur a malignant transformation [40, 41].

In the last years, many studies tried to establish the relationship between NAFLD and NASH,
cryptogenic cirrhosis and HCC. The true prevalence of NASH and NASH-related HCC is
probably underestimated due to the asymptomatic nature of the disease, and in up to 29% of
HCC cases, the underlying etiology of liver disease remains unknown or are considered as
cryptogenic cirrhosis [40]. Histopathological features that are suggestive for non-alcoholic
steatohepatitis are more frequently observed in patients with HCC of unknown etiology than
in patients with HCC related to chronic viral hepatitis or alcoholic etiology [32]. Even if the
true prevalence of NAFLD/NASH-related HCC is not yet well defined, the increasing inci-
dence of obesity and diabetes, suggests that the incidence NAFLD/NASH-related HCC will
continue to grow in the next years, and there are already numerous studies that are investi-
gated the relation between these diseases [46].

3. Metabolic risk factors, NAFLD and HCC

It is established that HCC and NAFLD share many risk factors and the development of HCC in
NAFLD/NASH patients is probably multifactorial and involves low grade chronic systemic
inflammatory response, excessive fat accumulation and insulin resistance [40, 46].

3.1. Obesity

There is more evidence that overweight and obesity and metabolic syndrome have reached a
epidemic proportion over the last decades, and there are evident data that show that 80% of
NAFLD patients are overweight or obese [42]. According to the World Health Organization, in
2008, more than 35% of adults worldwide are overweight, and of these, 13% are obese [29] and
if overweight and obesity rates continue at their current ascending trend, it is estimated that
more than 3.3 billion adults will become overweight or obese by year 2030 [43].

Overweight and obesity are leading risk factors for overall mortality, accounting for more than
3.4 million adult deaths every year, and are considered risk factors for 44% of the diabetes, 23%
of the ischemic heart disease, and between 7 and 40% of certain cancer [42].
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Body Mass Index is the most commonly used index in epidemiologic studies, but body fat
topography, and especially central obesity, seems to be more important in pathophysiologic
mechanisms that connect obesity to cancer. Central obesity, is the key feature in most metabolic
syndrome definitions, and has also been directly correlated with insulin resistance [44, 46].

Obesity have been associated with disproportion between visceral and subcutaneous adipose
tissue and with chronic inflammatory state due to adipokine imbalance that is defined as
increased levels of leptin and decreased levels of adiponectin. Furthermore, obesity has been
associated with other risk factors including insulin resistance, increased hepatic lipid storage
and alteration of intestinal flora [46].

Adipokine imbalance as mentioned before occurs with simultaneous increased leptin and
decreased adiponectin levels resulting in a pro-inflammatory and pro-oncogenic state. Both
leptin and adiponectin are hallmarks of obesity, and have been extensively studied and both
have been related to NAFLD and progression to liver cancer.

Leptin is secreted by adipose tissue and acts as a hormone and it is involved in the process of
satiety. High levels of leptin and resistance to its action are observed in obese persons. Leptin
has been demonstrated to be implicated in NAFLD progression, liver fibrosis, NASH and
eventually in the carcinogenesis process of HCC through multiple molecular mechanisms.
And these mechanisms are the activation of JAK2/STAT3, PI-3 K/Akt, ERK pathways and the
inhibition of the TGFp1-induced apoptotic pathway [24]. For example, the activation of Akt
pathway was observed in about 40% of HCC patients. Leptin’s role is to have growth factor-
like activities on hepatic cells and HCC cells, and also have proinflammatory, profibrogenic
and proangiogenic role on liver microenvironment and also it is implicated in the process of
cell growth, angiogenesis and metastasis [31].

Adiponectin is the most abundant hormone of adipose tissue and has well known metabolic
functions, having anti-inflammatory, antifibrotic, antiangiogenic, and antiproliferative activi-
ties on the liver microenvironment. Adiponectin exerts antifibrotic effects on hepatic cells
through activation of the signaling AMPK axis and inhibition of TGF3-mediated profibrogenic
gene expression, and in addition, adiponectin may also induce apoptosis of hepatic cells. The
anti-inflammatory activity of adiponectin is mostly related to inhibition of NFkB signaling axis
[31]. A direct effect of adiponectin on HCC cells has also been described, induces apoptosis
and inhibits HCC cell proliferation and migration. In addition, adiponectin prevents HCC
development by activation of the AMPK signaling pathway and consequent modulation of
mTOR and JNK/caspase 3 axis, resulting in growth cell inhibition and enhanced apoptosis [4].
A number of observations support the reduced adiponectin levels observed in obese patients
and were associated to increased incidence of hepatic steatosis, fibrosis and accelerated pro-
gression to HCC [45].

3.2. Insulin resistance

Insulin resistance it is another important component of the metabolic syndrome, and along
with obesity, is involved in the chronic inflammatory state directly linked to NAFLD. Insulin
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resistance is also related to oxidative stress, which has the most important role in carcinogen-
esis in the presence of NAFLD and NASH.

Epidemiologic studies show that diabetes is associated with an increased risk of developing
HCC compared with non-diabetics patients, regardless of other HCC risk factors and also
seems to be independent of obesity [47]. In a large study conducted on patients with and
without diabetes, with a follow-up period of 10-15 years, NAFLD incidence was significantly
higher among patients with diabetes and a significantly higher incidence of HCC among
patients with diabetes was observed [7]. Meta-analysis published over the years, revealed a 2
to 3-fold greater risk of HCC in patients with diabetes compared with non-diabetic patients,
and this significant association was reported independent of alcohol abuse or chronic viral
hepatitis in studies that examined these factors [48, 49].

Epidemiologic data demonstrate that both obesity and type 2 diabetes mellitus have increases
the risk for HCC, and NAFLD, which is present in up to 90% of obese persons and up to 70% of
type 2 diabetes mellitus patients [24], appears to play an important role in HCC development.
NAFLD is nowadays considered the most common risk factor for HCC, followed by type 2
diabetes and it is exceeding the incidence of chronic viral infections and alcoholic liver disease
[48, 50]. These can be explained by effective measures to reduce HCV infection incidence,
which was the major cause of HCC in the United States and in other developed countries,
and also can be explained by the increasing prevalence of NAFLD in these areas [51].

The strong relationship between visceral obesity and insulin resistance (IR) is well known, but
insulin resistance is not related only to adipose tissue, in fact, liver accumulation of fatty acid
metabolites can induce hepatic insulin resistance. One of the main fatty acid metabolite
involved in hepatic insulin resistance is diacylglycerol (DAG) and it has been proposed as a
predictor for hepatic insulin resistance [52]. The consequent hyperinsulinemia downregulates s
expression of IRS2 in the hepatic cells increasing hepatic insulin resistance and in addition,
insulin stimulates lipogenesis through activation of SREBP-1c, inducing, in a vicious circle
with further fat accumulation and insulin resistance [31]. The liver microenvironment may
induce insulin resistance also in other tissues, in fact, an increase in liver fat content may be
considered a very strong predictor of insulin resistance in skeletal muscles, hepatic and adi-
pose tissue, regardless of adiposity. In conclusion, liver fat content may predict the develop-
ment of metabolic syndrome or diabetes, and the underlying mechanism may be the altered
gene expression and protein synthesis and secretion also observed in NAFLD [53]. It is known
that hyperinsulinemia occurs as a response to insulin resistance, and that is considered a risk
factor for liver fibrosis and HCC development by activation of hepatic stellate cells, by
dysregulation in the proliferation-apoptosis balance in hepatic cells, and by stimulation of
angiogenesis. The most studied mechanism involved in NAFLD-related HCC is the IGF sig-
naling axis that has a growth factor-like activity on hepatic cells and also a pro-angiogenic
activity on the hepatic vascular system. Dysregulation of the IGF signaling axis has an impor-
tant role in hepatic carcinogenesis and it is represented by the low levels of IGF1 in serum and
overexpression of IGF-II. Insulin receptors (IRS) bind to insulin or IGF and share the same pro-
oncogenic pathways with IGF1 receptor (IGF1R), including the activation of P13K/Akt and
MAPK [54, 55].
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3.3. Lipotoxicity

Increased lipid accumulation in the liver arises from lipolysis within peripheral adipose tissue,
dietary sources and de novo hepatic lipogenesis, and this increased lipid accumulation causes
hepatic lipotoxicity resulting in the excessive production of saturated and monounsaturated
free fatty acids (FFAs) [40, 46, 56]. These FFAs undergo (-oxidation leading to formation of
reactive oxygen species that will further induce mitochondrial damage, endothelial reticulum
stress, and gene transcription promoting inflammatory cell signaling pathways.

As a result of the hepatic insulin resistance an increase in the liver of free fatty acids (FFAS) is
observed, mainly due to dysregulation of the lipolysis and lipogenesis balance, resulting
lipotoxicity that will determine chronic damage to hepatic tissue [51]. But, lipotoxicity is not
due only as consequence of the excessive accumulation of FFAs in the liver, and the modifi-
cation of lipid composition is another contributor to lipotoxicity, and recent studies are
aimed at searching for specific metabolic changes as potential signatures of development of
HCC in patients with NAFLD [57]. For example, some studies show that, during natural
history of progression from normal liver to NAFLD or NASH, the ratio of polyunsaturated
fatty acids (PUFAS) is increased in NASH, and phosphatidylcholine (PC) levels are reduced
in both NAFLD and NASH, and based on these observations, it has been suggested that the
LPA signaling axis may be one of the mechanism that is connecting hepatic steatosis to HCC
[58-61].

3.4. Microbiota: Intestinal flora dysregulation

The basis for the ongoing interest on the role of gut microbiota in progression of NAFLD was
the observation of fatal NASH that occurred in patients undergoing jejunoileal bypass in
bariatric surgery and the reversal after metronidazol therapy [62]. There are several evidences
that demonstrate a high prevalence of small intestinal bacterial overgrowth in patients with
NAFLD/NASH and that also demonstrate the role of microbiota modifications in the develop-
ment of NAFLD and NASH [45]. Specific microflora changes may play an important role in
progression of hepatic steatosis, especially in obese patients. In patients with NAFLD and
NASH was observed a difference in microbiota composition compared with healthy popula-
tion [63, 64]. The mechanisms implicated in the progression of gut microbiota-related NAFLD
and NASH and HCC are: alteration of intestine permeability, persistent activation of innate
immune system with consequent chronic inflammation, changes in bile acid metabolism [65].

Patients with NAFLD or NASH show increased levels of lipopolysaccharides (LPS), a known
innate immune system activator, on serum confirming the inflammatory state associated with
this conditions and alteration in gut permeability with disruption of intercellular tight junc-
tions observed in patients with NAFLD can contribute directly to lipopolysaccharides action to
the liver [65, 66].

All these findings were confirmed in human study wherein increased LPS-binding protein
(LBP) levels were observed in obese patients with NAFLD and even more in obese patients
with NASH, correlating with liver TNFa increased expression [67].
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All these mechanisms show how changes in the microbiota, in combination with loss of innate
immune sensors, may induce metabolic liver disorders.

Gut microbiota also influences bile acid metabolisms mainly through the stimulation of the
bile-acid-activated nuclear receptor and also by interacting with farnesoid X receptor (FXR)
which induce excretion of bile acids from the liver and production of antimicrobial peptides
[65].

4. Conclusions

Although significant progress has been made in NAFLD/NASH related HCC, many issues still
remain to be resolved. With the prevalence of HCV declining in the last years, the incidence of
NAFLD/NASH is expected to account for a greater proportion of HCC incidence in the near
future due to the growing epidemic of obesity, diabetes and metabolic syndrome, known as
independent metabolic risk factors for development of HCC. The annual incidence rate of
HCC developed in patients with NASH-related cirrhosis is not yet clearly established and
recent evidence show that a significant number of patients with NAFLD or NASH progress to
HCC in the absence of hepatic cirrhosis. NAFLD/NASH-related cirrhotic patients receive
significantly less surveillance for HCC than those with HCV-related cirrhosis, in contrast to
epidemiological data and this represents an important public health problem. Also dysbiosis
play an important role in progression of liver disease via changes in bile acids metabolism and
dysregulation of intestinal barrier.

In conclusion, metabolic syndrome comprising of obesity, type 2 diabetes, dyslipidemia,
hypertension, is related with an increased risk for development of HCC. NAFLD considered
the liver manifestation of metabolic syndrome is an important factor implicated in progression
to HCC. Also alteration in gut microbiota seems to be connected with HCC occurrence but
many questions still remain to be answered.
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SUMMARY. In Europe, healthcare systems differ between
countries and different factors may influence Chronic hepati-
tis B (CHB) treatment choices in different counties. This analy-
sis from a prospective, longitudinal, non-interventional study
in five EU countries aimed to explore determinants associated
with treatment initiation or switch in patients with CHB. A
total of 1267 adult patients with compensated CHB in Ger-
many, France, Poland, Romania and Turkey were prospec-
tively followed for up to 2 years (March 2008-December
2010). Determinants of treatment initiation or switch were
analysed using multivariate Cox proportional hazards
regression. Median time since CHB diagnosis was 2.6
(0-37.7) years. Among 646 treatment-naive patients, the
probability of treatment initiation during follow-up was
higher: in Germany (P = 0.0006), Poland (P < 0.0001) and
Romania (P = 0.0004) compared with Turkey; in patients
with alanine transaminase (ALT) 1-2 9O upper limit of

normal (ULN) (P = 0.0580) or >2 9 ULN (P = 0.0523) com-
pared with ALT <1 9 ULN; and in patients with hepatitis B
virus (HBV) DNA >2000 IU/mL (P < 0.0001) compared
with HBV DNA <2000 IU/mL or undetectable. Among 567
treated patients, 87 switched treatment during follow-up. The
probability of treatment switch was higher: in France
(P =0.0029), Germany (P =0.0078) and Poland
(P = 0.0329) compared with Turkey; and in patients with
HBV DNA <2000 (P <0.0001) or >2000 IU/mL
(P < 0.0001), compared with undetectable. Viral load and
ALT level were identified as the major drivers of treatment ini-
tiation. HBV DNA level was also a significant determinant of
treatment switch. Results were statistically different across EU
countries.

Keywords: adefovir, antiviral treatment, chronic hepatitis
B, entecavir, lamivudine, tenofovir.

INTRODUCTION

Chronic hepatitis B (CHB) is a global healthcare challenge
and remains an important public health concern in

Abbreviations: ALT, alanine transaminase; CHB, chronic hepatitis
B; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HR, haz-
ard ratio; ULN, upper limit of normal.
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Europe, particularly in urban areas and countries with
large immigrant populations [1,2]. Uncontrolled viral repli-
cation in chronic infection leads to advanced liver disease,
hepatocellular carcinoma (HCC) and death [3-6]. Therapy
for CHB aims to prevent disease progression and death and
improve quality of life by achieving sustained viral suppres-
sion, which is associated with improved liver histology
[7-9]. Multinational and regional clinical practice guide-
lines, published in Europe, Asia and America, outline clear
criteria for treatment initiation and make evidence-based
recommendations on appropriate antiviral therapies [7-9].

In Europe, healthcare and reimbursement policies are
determined at a national level and differ between

© 2013 John Wiley & Sons Ltd



countries. It is unclear how many CHB patients in Euro-
pean countries are managed in accordance with interna-
tional or regional guidelines and what other factors may
play a role in determining CHB treatment choices. To our
knowledge, there are no prospective longitudinal studies
describing reasons for initiating or switching treatment or
assessing predictors of treatment initiation or switch
during a defined follow-up period. We conducted a non-
interventional study across five European countries to
prospectively follow country-specific populations of CHB
patients and assess changes in CHB management for up to
2 years between 2008 and 2010. We previously reported
results showing the proportions of patients undergoing
treatment initiation or modification, and the physician-
reported reasons for making treatment decisions [10]. Here
we describe the results of a multivariate regression
analysis identifying the major determinants of treatment
initiation among previously treatment-naive patients
and of first treatment switch during follow-up in treated
European patients with CHB.

METHODS

Study design and patient population

This was a prospective, longitudinal, non-interventional
study of CHB populations from five countries (Germany,
France, Poland, Romania and Turkey) followed for up to
2 years between March 2008 and December 2010.
Detailed study design and inclusion/exclusion criteria
have been reported elsewhere [10]. In brief, consecutive
adult patients with CHB attending selected centres were
included. Information was extracted from patient charts
at the initial (baseline) visit and subsequent visits during
follow-up: socio-demographic data, disease characteristics,
comorbidities, assessment of hepatitis B virus (HBV) DNA
level, alanine transaminase (ALT) level, treatment
history, current CHB treatment, changes in disease
characteristics and changes in CHB management. Writ-
ten informed consent was obtained from all participants
with the exception of France, where written informed
consent was not mandatory according to local require-
ments. Data collection complied with all privacy and
confidentiality requirements applicable in the selected
countries.

Patients who were on treatment at the baseline visit
(regardless of duration) or who were previously untreated
but had treatment initiated at the baseline visit were classi-
fied as ‘Treated’. Those who were not on treatment at the
baseline visit (regardless of any treatment prior to baseline)
were classified as ‘Untreated’. For the analysis of treatment
initiation, untreated patients who had no past history of
treatment were considered ‘treatment-naive’. Treatment
maodifications during follow-up were defined for analysis as
treatment initiation (only applicable to treatment-naive

© 2013 John Wiley & Sons Ltd
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patients) or treatment switch, including replacement of one
treatment with another, dose modification or a new treat-
ment course after an off-treatment period of at least one
visit interval.

Statistical analyses

Determinants for treatment initiation or treatment switch
during the follow-up period were explored using a multi-
variate Cox proportional hazards model for clustered data.
Model covariates included baseline characteristics and dis-
ease status; liver biopsy, and ALT and HBV DNA monitor-
ing during the 12 months prior to baseline; and, ALT
levels, HBV DNA levels and treatments prior to treatment
initiation or switch during follow-up. Baseline covariates
were countries (Germany, France, Poland, Romania, vs
Turkey); ethnicity (Caucasian, Asian, vs African); age
(<median vs >median); sex (female vs male); CHB status at
baseline (compensated cirrhosis vs no liver complications);
hepatitis B e antigen (HBeAg) status at baseline (positive
vs negative); any genotype at baseline (Yes if genotype
given on clinical report form vs No if no genotype indi-
cated); any comorbidity at baseline (Yes vs No) and renal
impairment (Yes vs No). Covariates related to the
12 months prior to baseline were HBeAg-seroconversion
status (Yes vs No); liver biopsy test performed in the last
12 months (Yes vs No); number of ALT assessments
(<median vs >median) and number of viral load assess-
ments (<median vs >median). ALT categories were
<1 9 ULN (reference) vs 1 to <2 9 ULN, >2 to <5 9 ULN
and >5 9 ULN. HBV DNA categories were undetectable
(reference) vs <2000 IU/mL and >2000 IU/mL. The last
antiviral agent received before switch was the most recent
antiviral agent(s) received before the switch of treatment
for patients who were switched or the most recent antivi-
ral agent received in the last 12 months if there was no
switch during the follow-up. Categories for antiviral agents
were combination therapy (association of a minimum of
two different treatments), interferon (IFN-alpha 2a, pegy-
lated IFN-alpha 2a, pegylated IFN-alpha 2b) or old agents
(lamivudine, adefovir dipivoxil, telbivudine) vs new agents
(entecavir, tenofovir).

Covariates with a high percentage of missing data were
excluded from the multivariate model. For covariates with
at least one category representing <5% of patients catego-
ries were combined where possible or excluded if combina-
tion was not relevant. Significant covariates (P < 0.2) with
no colinearity in the univariate analysis were retained for
the multivariate model. Backward selection was used to
remove covariates giving P > 0.05. Interactions between
the significant independent factors included in the final
model were assessed. Significant interaction terms
(P < 0.05) were added to the final model. All statistical
analyses were performed using SAS, Version 9.1 (SAS
Institute, Cary, NC, USA).
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RESULTS

Study population

Patient disposition is shown in Fig. 1. Of 1458 patients
who were enrolled, 1267 met the eligibility criteria and
comprised the total population for analysis. Patients were
followed for up to 2 years between March 2008 and
December 2010, with a median ranging from 12.5 months
(Poland) to 14.5 months (Romania). There were 700
untreated patients, 646 of whom were classified as treat-
ment naive at baseline. Baseline demographics and disease
characteristics were generally comparable across the five
countries (Table 1). Patients were predominantly male
with a median age of around 40 years. Patients of African
or Asian ethnicity were seen only in Germany and France.
There was a larger proportion of patients with cirrhosis in
the treated cohorts of France and Romania (around 149%)
compared with other cohorts (all <3%). Genotyping was
rarely performed and was not available in Poland. Among
patients treated at baseline, entecavir and tenofovir were
the most commonly prescribed monotherapies in Germany
(97/148), France (50/78) and Turkey (64/103), and lami-
vudine was the most commonly prescribed monotherapy
in Poland (48/93) and Romania (22/53). The use of com-
bination therapies was most prevalent in France, the most
frequent of which were lamivudine plus adefovir (31/64)
and lamivudine plus tenofovir (18/64). Among the 646
patients classified as treatment naive at baseline, 95 had
treatment initiated during follow-up. Of the 567 treated
patients, 87 underwent a treatment switch during
follow-up.

Assessed for eligibility
N=1458

l

1
1
i
Excluded from analysis | o Missed 21 follow-up
1
I
1
1
1

N=191 visit, N =135
\L ® Other (ICF date 1 year

after baseline visit), N=1
Total analysis population
N=1267

|
v Nz

Untreated at baseline
N =700

Treated at baseline
N =567

Untreated prior to baseline
(Treatment-naive)
N =646

Initiations population
N=646

Modifications population
N=567

Fig. 1 Patient disposition. ICF, informed consent form.

Determinants of treatment initiation in treatment-naive
patients

Factors excluded from the analysis because at least one
category represented <5% of patients were renal impair-
ment [1/646 patients (0.15%)], compensated cirrhosis [9/
646 patients (1.39%)], any genotype [13/646 patients
(2.01%)] and previous HBeAg seroconversion [22/646
patients (3.41%)]. For pre-treatment ALT level, the cate-
gory >5 9 ULN [four patients (0.62%)] was merged with
the >2 to <5 9 ULN group.

Full results of the univariate analysis can be seen in
Table S1. A significant association, at a threshold of
P < 0.2, was identified between treatment initiation and
the following covariates: country (P < 0.0001), ALT level
prior to treatment initiation (P < 0.0001), HBV DNA level
prior to treatment initiation (P < 0.0001), liver biopsy in
12 months prior to baseline (P < 0.0001), baseline HBeAg
status (P = 0.0926) and age (P = 0.1427). For the subse-
quent analyses, the HBV DNA level categories were unde-
tectable and <2000 IU/mL were merged because the
hazard ratio (HRs) for HBV DNA <2000 IU/mL with unde-
tectable HBV DNA as a reference was close to 1 and not
significantly different in the univariate analysis [HR 1.10;
95% CI (0.45-2.70); P = 0.8219]. None of the six covari-
ates significant in the univariate analysis demonstrated
colinearity and all were entered into the multivariate
model. Backward elimination subsequently removed three
variables not significant at the threshold of 0.05 (age, liver
biopsy in 12 months prior to baseline and baseline HBeAg
status), leaving three variables with P < 0.05: country,
ALT level and HBV DNA level (Table 2). Investigation of
potential interactions between significant covariates identi-
fied an interaction between HBV DNA level and country
[HR 1.70; 95% CI: (1.44-2.01); P < 0.0001]. Analysis of
this interaction showed that HBV DNA was a major deter-
minant of treatment initiation in all countries except Ger-
many. The final multivariate analysis model for treatment
initiation with interactions is shown in Table 2 (right-hand
columns). There was a higher probability of treatment ini-
tiation in Germany, Poland and Romania compared with
Turkey. Overall, there was a higher probability of treat-
ment initiation with HBV DNA >2000 IU/mL compared
with <2000 IU/mL or undetectable. In Germany, there
was a lower probability of treatment initiation with HBV
DNA >2000 1U/mL compared with <2000 IU/mL or unde-
tectable. A Germany-specific analysis showed that there
was a higher proportion of treatment initiation for patients
with HBV DNA <2000 IU/mL or undetectable compared
with >2000 1U/mL (88.9% vs 11.1%).

Determinants of treatment switch in treated patients
The factor renal impairment [7/567 (1.23%)] did not meet

the minimum sample size requirements and was excluded

© 2013 John Wiley & Sons Ltd
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from the analysis. Ethnicity was excluded because of a
high proportion of patients with missing data [53/567
(9.35%)]. For ALT level prior to treatment switch, the
>5 9 ULN group [9/567 (1.59%)] was merged with the
>2 to <5 9 ULN group due to insufficient sample size.

Full results of the univariate analysis can be seen in Table
S2. Significant determinants of treatment switch at a thresh-
old of P < 0.2 were baseline HBeAg status (P < 0.0001),
HBV DNA level prior to treatment switch (P < 0.0001), ALT
levels prior to treatment switch (P = 0.0355), antiviral
agent prescribed prior to switch (P = 0.0072), liver biopsy
performed (P = 0.0116), country (P = 0.0594), cirrhotic
status (P = 0.0904) and age (P = 0.1676). None of these
eight covariates demonstrated colinearity and all were
entered into the multivariate model. Backward elimination
subsequently removed five covariates that were not signifi-
cant at the threshold of P < 0.05 (baseline HBeAg status,
ALT level prior to treatment switch, age, cirrhotic status and
antiviral agent prescribed prior to switch) leaving three
covariates with P < 0.05: country, liver biopsy test per-
formed and HBV DNA level (Table 3).

Investigation of potential interactions between significant
covariates identified an interaction between HBV DNA level
and liver biopsy performed (HR 0.59; 95% CI: [0.40-0.90];
P = 0.0118). Analysis of this interaction showed that HBV
DNA levels >2000 IU/mL when associated with liver
biopsy performed increased the probability of a treatment
switch [HR 5.30; 95% CI. (2.10-13.41); P = 0.0004].
Because of this interaction, liver biopsy was removed as an
independent variable from the multivariate model. The
final multivariate analysis model for treatment switch with
interactions is shown in Table 3. There was a higher prob-
ability of treatment switch in France, Germany and Poland
compared with Turkey. There was a higher probability of
treatment switch with HBV DNA level <2000 and
>2000 IU/mL compared with undetectable. For patients
with a liver biopsy test performed, a specific analysis
showed that there was a higher proportion of treatment
switch for patients with HBV DNA >2000 1U/mL compared
with <2000 IU/mL or undetectable (75.0% vs 25.0%).

DISCUSSION

The results from this observational study provide an inter-
esting snapshot into the management of patients with CHB
in Europe. Significant determinants of treatment initiation
were country, ALT level and HBV DNA level. Country and
HBV DNA level were also significant determinants of treat-
ment switch. This seems to suggest that ALT levels may
have more of an influence on the decision to initiate treat-
ment than on the decision to switch treatment. In a previ-
ous report describing patterns of treatment initiation and
modification, despite observed differences in treatment and
monitoring between countries, ALT levels and HBV DNA
levels consistently emerged as key tests driving treatment

© 2013 John Wiley & Sons Ltd
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decisions across all five counties [10]. The most frequent
investigator-reported reasons for switching treatment were
HBV DNA related across all five countries, while the most
frequent investigator-reported reasons for initiating treat-
ment were related to both HBV DNA and ALT levels. In
the 12 months prior to baseline, ALT levels were moni-
tored in a greater proportion of patients than HBV DNA
levels in some countries, and in all countries, ALT levels
were monitored more frequently than HBV DNA levels
[10]. It should be noted that ALT testing may have draw-
backs because results can be influenced by external factors
(e.g. BMIl) and ALT may be normal in patients with
advanced cirrhosis. For treatment switch, an interaction
was seen between HBV DNA levels and liver biopsy, sug-
gesting an increased probability of treatment switch when
HBV DNA level was above 2000 IU/mL and a liver biopsy
had been performed. Clinical practice guidelines recom-
mend making initial treatment decisions based on HBV
DNA and ALT levels along with the option of assessing dis-
ease status using biopsy. Taken together, these results indi-
cate that in general clinical practice, guidelines regarding
the initiation of HBV treatment are followed in the five
countries included in the study.

Interestingly, the probability of both treatment initiation
and treatment switch varied between countries in this
study. Compared with Turkey (as the reference), patients
were significantly more likely to undergo a treatment initi-
ation in Germany, Poland and Romania or a treatment
switch in France, Germany and Poland. Germany was
unusual in that it appeared that patients were more likely
to initiate treatment at lower (<2000 1U/mL) levels of HBV
DNA than at levels >2000 IU/mL. However, patient num-
bers were small so no firm conclusions can be drawn from
this observation.

During the study period, there were changes in the
availability and reimbursement status of antiviral agents in
some countries, and treatment guidelines were updated. It
is possible that as newer, more potent agents became reim-
bursed in some countries, this might have prompted treat-
ment switches. For example, entecavir became reimbursed
in Romania during the study in 2008 and this had an
influence on the pattern of treatments prescribed to
untreated patients during follow-up. Indeed, we previously
reported a post hoc analysis investigating the cumulative
probability of treatment switch according to drugs pre-
scribed at baseline that suggested that patients receiving
entecavir or tenofovir had a lower probability of treatment
switch at 12 months compared with patients receiving
other agents [10]. However, the numbers in the post-hoc
analysis were low so this result was not conclusive. In the
multivariate analysis presented here, the antiviral agent
prescribed at baseline was not a significant determinant of
treatment switch among treated patients.

This was a large, multicenter, observational study and
has several of the limitations usually associated with this
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type of study. Selection criteria are less strict than in ran-
domized controlled trials, and confounding factors can inter-
fere with interpretation of results. Because data were taken
from patients’ medical charts, the proportions of patients
with missing data were large and some variables with small
sample sizes could not be considered in the analysis. This
reduced the sensitivity of the analysis and may also have
introduced some attrition bias. In this case, a comparison of
the patient population excluded from the multivariate analy-
ses with those included would provide a more complete
view. In addition, the study was carried out during a period
of change and adaptation in the treatment of CHB, with new
antivirals becoming available (entecavir and tenofovir) and
guidelines updated to include these new agents. Thus, the
findings may not be reflective of the situation at the time of
publication. Despite these limitations, this study does provide
some insights into the determinants of treatment initiation
and switch across the five European countries included.

In summary, although there were some differences
between the countries studied in terms of rates of initiation
and switch of CHB, in general, clinical practice guidelines
regarding the initiation of HBV treatment were followed in
the five countries.
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Abstract

Tuberculosis (TB) is a highly contagious bacterial infection caused by Mycobacterium
tuberculosis (MTB), afecting about 1/3rd of the world population and being responsible
for lot of deaths worldwide, despite the progress achieved in the diagnosis and treat-
ment Felds. TB can afect the peritoneum, the TB ascites being a concern for physicians,
especially when dealing with immunocompromised patients. The clinical presentation of
TB ascites is challenging, due to nonspecifc symptoms that make confusion with other
diseases and the late results of cultures from ascites. The late diagnosis leads to a delayed
treatment and high mortality. This manuscript describes recent tools used for early diag-
nosis in TB ascites. Molecular methods based on mycobacterial nucleic acid amplifcation
tests (NAATS), polymerase chain reaction (PCR) detecting minimal amounts of bacterial
DNA, or interferongamma release assays (IGRA) and biochemical methods such as the
serum-ascites albumin gradient (SAAG) <1.1 g/dL, ratio between lactic dehydrogenase
(LDH) in ascites fuid/serum total protein (TP) ratio of 0.5 and fuid ascites/serum LDH
ratio of 0.6, and adenosine deaminase activity (ADA) >40 Ul/ml were recently considered
more accurate diagnostic procedures. These methods allow a rapid and accurate difer-
ential diagnosis of ascites fuid, making possible the early treatment with appropriate
drugs.

Keywords: peritoneal tuberculosis, ascites, diagnosis, molecular tests, biochemical tests

1. Introduction

Tuberculosis (TB) is a dangerous infection afecting about one third of the world population
despite the availability of afordable and efective chemotherapy, remaining one of the major
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causes of death from a single infectious agent worldwide. The most afected organ is the lung.
It is preventable through Bacillus of Calmete and Guérin (BCG) vaccination and curable with
antituberculous drugs.

Tuberculosis is a serious and highly contagious bacterial infection which in humans is usually
caused by bacteria called Mycobacterium tuberculosis (MTB), a member of the Mycobacteriaceae
family. This complex also includes M. bovis and M. africanum. M. bovis is more frequently found
in catle and other animals, but it’s also responsible for some cases in humans. M. africanum
is more common in West African countries. Mycobacterial infection is spread through the air
from one person to another and causes active disease or latent infection [1].

The absolute number of incident cases has been decreasing since the early 2000s. The low-
est incidence rate is found in high-income countries including the United States of America,
Canada, New Zealand, Western Europe, and Australia. The largest number of incident cases
is found in low- and middle-income countries. In 2015, 61% of the new cases occurred in Asia,
followed by 26% new cases in Africa (Figure 1) [2].

The HIV infection is the prevalent risk factor for the development of TB because HIV alters the
pathogenesis of TB by producing a progressive decline in cell-mediated immunity and raises
the chances of extrapulmonary involvement [3, 4].

Tuberculosis is a disease which typically involves the respiratory system, being characterized
by the growth of tubercles in tissues, but it can afect any other organ, in which case it’s called
extrapulmonary tuberculosis (EPTB) and usually results from hematogenous dissemination,
being particularly present in immunocompromised patients. In some cases the infection directly
extends from an adjacent organ. The most common sites of extrapulmonary tuberculosis are the
lymph nodes, abdomen, bones and joints, pleura, spinal cord, and brain [5, 6].

Lowest incidence Highest incidence

Low and middle income

High-income countries ;
gh couniries

Canada e
B A Western Europe

; Africa
United States of Za

Australia A

Figure 1. Worldwide incidence of TB infections.
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Abdominal tuberculosis is a common form of extrapulmonary tuberculosis. The infec-
tion involving M. tuberculosis or M. bovis could be the result of a primary infection or the
reactivation of a latent focus in immunocompromised patients. The spread of abdominal
tuberculosis can be hematogenous or can result from direct contact with primary focus
or ingestion of sputum containing bacilli from the active pulmonary focus. This form of
EPTB affects the peritoneum, the gut, the abdominal lymph nodes, and sometimes, less
frequently, the parenchymatous organs in the abdomen like the spleen, liver, and pancreas
leading to severe complications. There are three types of abdominal tuberculosis: ascitic,
obstructive, and glandular. Diagnosis can be achieved through different methods: ultra-
sound of the abdomen, CT/MRI scans, biopsies of the suspected organ, endoscopy, and
various function tests.

Peritoneal tuberculosis is an uncommon site of extrapulmonary infection caused by M. tuber-
culosis. Patients susceptible of developing EPTB are those with malignant diseases, HIV infec-
tion, diabetes, and cirrhosis or patients treated with antitumor necrosis factor (TNF) agents
or peritoneal dialysis. Peritoneal TB is divided into three types: the wet ascitic type, the fixed
fibrotic type, and the dry plastic type. The wet ascitic type is more common and is associated
with large amounts of free or loculated fluid in the abdomen. The high attenuation of the
ascites in abdominal ultrasound is thought to be due to high protein and cellular content.
Associated peritoneal enhancement is usually present.

Infection occurs frequently following reactivation of latent tuberculous in the peritoneum from
hematogenous spread from a primary lung focus. It can also occur via hematogenous spread
from active pulmonary or miliary TB. Not so often, the organisms enter the peritoneal cavity
transmurally, from an infected small intestine or contiguously from tuberculous salpingitis.
Over time, the visceral and parietal peritoneum becomes studded with tubercles [7-9].

2. Defnition

Ascites is defined as an abnormal accumulation of fluid in the peritoneal cavity, the presence
of serous fluid between the visceral and parietal peritoneum. The word ascites is derived from
the ancient Greek word “askos” meaning a bag or a sack. Under normal circumstances, the
amount of peritoneal fluid depends on a balance between plasma flowing into and out of the
blood and lymphatic vessels. This balance, once being disrupted, leads to abnormal accumula-
tion of fluid [10]. Ascites can be a consequence or a complication of infections, malignancy, and
many severe diseases: cardiac, endocrine, hepatic, or renal. The prognosis is usually poor, but
it depends on the underlying causes. Laboratory tests of ascitic fluid, clinical, paraclinical, and
pathological data are required for the differential diagnosis.

Tuberculous ascites, one of the clinical signs of abdominal TB, implies accumulation of fluid
in the abdomen, a swollen abdomen, and slightly raised tubercles of 1-2 mm all over the peri-
toneum. In EPTB, ascites develops secondary to “exudation” of proteinaceous fluid from the
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tubercles, similar to the mechanism leading to ascites in patients with peritoneal carcinomato-
sis, and it’s often misdiagnosed in elderly patients. Most patients with tuberculous peritonitis
have ascites at the time of diagnosis, while the rest present the advanced phase, the dry or
Tbroadhesive form of the disease [11, 12].

3. Clinical manifestations

Tuberculous peritonitis is a subacute disease, and its symptoms evolve over a period of several
weeks or months.

The insidious onset of this condition and the fact that the diagnosis is rarely suspected explains
why patients have symptoms for more than 4 months before the diagnosis is established.
Tuberculous peritonitis should be considered in any patient presenting with several weeks
of abdominal pain, fever, and weight loss. Systemic and constitutional manifestations are
common. Symptoms may be mild, with fatigue, abdominal pain, and tenderness, or severe
enough to mimic acute abdomen [13]. Other clinical manifestations could be:

e Constipation/diarrhea

e Nocturnal hyperhidrosis
e | ow-grade fever

e Anorexia

e Malaise

The clinical presentation of TB ascites is challenging, since it is nonspecifc and can be con-
fused with a plethora of other infectious or noninfectious diseases, leading to a delayed diag-
nosis and treatment which are major factors that contribute to the high mortality of TB.

Another situation that contributes to a delayed diagnosis is the presence of multiple comor-
bidities such as HIV/AIDS, cirrhosis, uremia, or other chronic conditions. Additional illness
results in atypical presentation of TB ascites which render the symptoms more difcult to
identify and distinguish. Moreover, in elderly patients, clinical manifestation is minimal with
abdominal discomfort, constipation, or fatigue, symptoms that most people tend to ignore as
minor or non-perilous (Figure 2) [14, 15].

Delayed diagnosis
. Non-specific
Insidious onset symptoms
Comorbidities

Figure 2. Factors associated with delayed diagnosis.
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4. Diagnosis

Due to the fact that the nature of this disease is insidious, the diagnosis represents a challenge
for clinicians. With the ever-increasing demographic shifts, more cases are now detected in
areas where TB was a rarity until present. Unless a high degree of suspicion is maintained, the
diagnosis can easily be missed or delayed [12].

Diagnostic techniques and procedures include:

e Clinical observation

e Imaging techniques: ultrasound, CT/MRI

e Laboratory tests

* Ascites fluid microbiologic and biochemical analysis

Generally, diagnosis is based on clinical suspicion, imaging of tuberculous infected zone, and
detection of M. tuberculosis in ascitic fluid using acid-fast bacillus staining or culturing. The sensi-
tivity of standard diagnostic methods such as Ziehl-Neelsen staining of smears and Lowenstein-
Jensen culture done from ascitic fluid is very low for the diagnosis of abdominal TB. Ziehl-Neelsen
staining of the ascitic fluid for mycobacterial detection is positive in only about 3% of the cases
with proven TB peritonitis. Detection of mycobacteria requires the presence of more than 5000
bacilli/mL of specimen. In comparison, for positive culture, the presence of at least 10 organisms
is considered to be sufficient. For a successful detection, culture methods based on a combination
of liquid or biphasic media, together with solid media, are necessary [16, 17].

Nucleic acid amplification tests (NAATSs) are molecular diagnostic methods based on ampli-
fication of mycobacterial nucleic acid. These are rapid methods that provide results within a
day, and they are more specific and sensitive than Acid-Fast Bacillus Smear (AFB) smear. Albeit
NAATs were originally designed for respiratory specimens, they can also be used on speci-
mens from other TB sites like ascitic fluid samples, but this technique is still under evaluation.

Ascites of TB peritonitis obtained through ultrasound-guided paracentesis is an exudative type,
and macroscopically its appearance is chylous and cloudy or turbid. Biochemically, the serum-
ascites albumin gradient (SAAG) is now considered a more sensitive and specific measure than
the ascitic total protein concentration which has been used for many years, in differentiating the
ascites due to portal hypertension from ascites due to other pathophysiological mechanisms,
such as tuberculous ascites which has a SAAG <1.1 g/dL and total proteins >3-4 g% [18, 19].
Combining LDH with total protein analysis has been explored for ascitic fluid. The cutoff val-
ues for three parameters in the ascitic fluid for differentiation between hepatic and non-hepatic
ascites are as follows: LDH of 400 Sigma units, fluid/serum total protein (TP) ratio of 0.5, and
fluid/serum LDH ratio of 0.6. The presence of any two of these three findings is usually associ-
ated with TB; the absence of all three indicates a hepatic cause [20].

Glucose concentration in the ascitic fluid, under normal conditions, is similar to that in the
serum. Ascitic glucose concentration decreases due to consumption by bacteria, white blood
cells, or cancer cells in the fluid in TB peritonitis. Ascitic glucose concentration is lower than

37



38 Ascites - Physiopathology, Treatment, Complications and Prognosis

normal in TB ascites, which makes it an indicator in differentiating tuberculosis from other
diseases, such as cirrhosis. The ascitic/blood glucose ratio is a useful test in differentiating TB
peritonitis from other causes of ascites [18].

Ascitic fluid adenosine deaminase activity (ADA) is considered a more sensitive and specific
method used for early diagnosis of TB ascites. Even if the full physiological role of ADA is
not yet completely understood, it is known that ADA values are notably higher (>40 U/L) in
patients with TB ascites [21-23].

Non-biochemical tests of ascitic fluid, including cell counts, bacterial culture, and polymerase
chain reaction (PCR), have an important role in diagnosing the cause of ascites.

The total cell count in tuberculous ascites is 150-4000/uL, and the cytologic examination
shows over 70-80% lymphocytes and more than 250 leucocytes/mm? (Table 1).

The sensitivity of direct microscopic smear detection of acid-fast bacilli in the ascitic fluid
(0-6%) and ascitic fluid mycobacterial culture (20-35%) is low, and because of the delay in
obtaining the results of mycobacterial cultures of ascitic fluid, the mortality is high, and the
value of these tests in the differential diagnosis of ascites is limited.

Recently, a new approach to the fast diagnosis of bacterial infections emerged, including
tuberculosis. The advanced molecular techniques provided a new method represented by
PCR which can detect minimal amounts of bacterial DNA and improves the rates of bacterial
identification from 4 to 6 weeks for microbiological cultures to 24 hours. In diagnosing TB
effusions, PCR appears to be an ideal tool, with 94% sensitivity and 88% specificity, becoming
a rapid and reliable method for identification of infectious ascites [24].

The tuberculin skin testing (TST or purified protein derivative (PPD) skin test) is controversial,
despite the high specificity of this test which is between 95 and 99%. Skin testing is currently
used only for detection of latent infection because of its low sensitivity and low positive predic-
tive value. At the moment, there are no recommendations for using this test to diagnose active

Type Exudative

Appearance Chylous and cloudy/turbid
Total cell count 150-4000/uL

Leucocytes >250/mm?

Lymphocytes >70-80%

Total proteins >3-4 g%

ADA >40 U/L

LDH >400 SU

Glucose <6 mg/dL

SAAG <1.1g/dL

Table 1. Characteristics of tuberculous ascites.
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disease like tuberculous peritonitis. At best, tuberculin skin testing can only ofer auxiliary
information. Several studies have reported positivity rates ranging between 24 and 100% with
no signifcant diference between high and low endemicity areas. Currently, the recommenda-
tions about the cut point for the induration difer depending on the risk scale. For patients at
low risk, the cut point is at 15 mm; in cases of moderate risk, the cut point is 10 mm, and for
those at high risk, the cut point is 5 mm. Generally, about 50% of the patients would have false-
negative reactions to this test, suggesting the fact that it has many potential sources of error.
In conclusion, anergy testing may yield confusing information and is no longer recommended
for diagnosis [25].

A great scientifc advance has been the development of an IFN-c-based test with an 89%
sensitivity, which is a quantitative in vitro assay evaluating the cell-mediated immune
response to M. tuberculosis and has excellent agreement with tuberculin skin testing. The
principle of this test is that previously sensitized T lymphocytes release IFN-c in response
to stimulation by purifed protein derivative (PPD).

In the past few years, the tuberculin skin test has been replaced by T-cell-based interferon-gamma
release assay (IGRA) which is more sensitive and more specifc. IGRA is an in vitro test used in
all circumstances in which the TST is currently used, including evaluation of immigrants, sur-
veillance programs, or contact investigations [26]. There are three commercially available IFN-y
tests: QuantiFERON-TB Gold assay (QFN-Gold), QuantiFERON-TB Gold In-Tube assay (QFN-
G-IT), and T-SPOT.TB assay. They are rapid immunodiagnostic tests that can detect interferon-y
(IFN-y) produced by lymphocytes in response to Mycobacterium tuberculosis (MTB). T-SPOT.TB
test is a blood IFN-y assay that measures the number of IFN-y-producing T cells by identifying
IFN-y release when stimulated by MTB-specifc antigens, including early secretory antigenic tar-
get 6 and culture Fltrate protein 10, using enzyme-linked immunospot assay. QuantiFERON-TB
Gold test is the predecessor of QuantiFERON-TB Gold In-Tube test, and they both measure pro-
duction of IFN-y in culture supernatant using enzyme-linked immunosorbent assay (ELISA).
This measurement is possible by circulating T cells in whole blood being challenged with M.
tuberculosis-specifc antigens. The advantage of blood IGRA tests over tuberculin skin tests is
the fact that IGRAs do not cross-react with the Bacillus of Calmete and Guérin (BCG) vaccine
antigens, but suboptimal results can be possible in diagnosing EPTB because they aren’t able to
distinguish latent infection from active disease [27]. According to some researches, M. tuberculo-
sis antigen-specifc T cells may accumulate at infection sites; therefore, investigating body fuid
IGRAs may increase the accuracy of EPTB diagnosis [28, 29].

Imaging techniques used for detection of TB ascites are ultrasound and computed tomography.
These methods also increase the accuracy of several procedures like paracentesis or peritoneal
biopsies, providing a safer and afordable replacement to diagnostic laparoscopy [30].

Ultrasound is the most sensitive and reliable method of detecting ascites, guiding paracentesis
and monitoring the efects of therapy. It can detect even small volumes of fuid (as litle as
100 ml of Fuid could be detected). Ascites is usually seen as an anechoic space. In TB asci-
tes, particulate mater within the ascitic fuid or fne, mobile strands, representing echogenic
debris, can be detected. Less commonly, the ultrasound can reveal calcifcations in the walls
of encysted ascitic fuid [12].

39



40

Ascites - Physiopathology, Treatment, Complications and Prognosis

On computed tomography the ascitic fluid has high attenuation values, between 20 and 45 HU,
and the peritoneum is symmetrically thickened and nodular. Frequently, an early sign of abdom-
inal TB is a thickened mesentery (>15 mm) with mesenteric lymph nodes.

Many studies concluded that ultrasonography and computed tomography are complemen-
tary to each other in detecting TB ascites, as they provide different details. CT focuses on the
peritoneum and omental and mesentery involvement, and the ultrasound shows fine, mobile
septations (Figure 3) [31].

However, the only certain way to diagnose TB ascites is the histological examination. Various
methods that include excision, laparoscopy, needle biopsy and ultrasound-guided biopsies,
endoscopy, computed tomography (CT), or endoscopic ultrasound are used to establish the

Figure 3. Circumferential parietal thickness, with an edematous appearance of the appendix, cecum, ascending
colon, and up to the hepatic flexura, associating stripe thickening of adjacent fat. Multiple adenopathies containing
calcifications and central necrosis. Fluid accumulation in the peritoneal cavity associating symmetrical, iodophilic
thickening of parietal peritoneum. Osteolytic areas with an adjacent osteosclerotic reaction in L2, L3, and L4 vertebrae.
Parafluid accumulation in L2-L3 and L3-L4 intervertebral spaces that reaches the anterior epidural space and the roots
of L2 and L3 nerves, extending to L3-L4 adjacent smooth tissues, with no visible border toward the right psoas muscle.
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diagnosis. The presence of granulomas is typical for TB ascites [32]. The relative sensitivities
of different procedures and the potential therapeutic benefits should be considered in mak-
ing the choice of diagnostic approach. In superficial TB lymphadenitis, fine needle aspiration
(FNA) biopsy of affected lymph nodes is the gold-standard diagnostic technique. Excision
biopsy has the highest sensitivity, whereas FNA is less invasive and may be useful. If FNA
examination results are doubtful, excision biopsy may be needed. Laparoscopy with target
peritoneal biopsy is the current first-line investigation in the diagnosis of peritoneal TB [33,
34]. Several studies revealed a diagnostic accuracy of 84-96% for TB peritonitis.

Generally, tissue biopsy is superior to fluid aspiration in providing positive culture results.
The diagnosis is more accurate when the biopsy results and polymerase chain reaction assays
are combined with culture results [35].

5. Differential diagnosis

The main differential diagnosis is peritoneal carcinomatosis, which can be difficult to distin-
guish, especially in older patients. The nodules of carcinomatosis are larger, usually more
than 3 mm, more vascular, and more irregular than the tuberculous ones which rarely surpass
1-2 mm. Carcinomatosis is seen as an irregular peritoneal thickening with nodular implants,
while TB peritonitis is suggested by the presence of a smooth peritoneum with symmetrical
thickening, ascites, and enlarged lymph nodes of low attenuation [31].

Other less likely considerations include:
® Ascites in liver diseases: the liver is enlarged and irregular; proteins are lower than 4 g%.
® Nephrotic syndrome: ascites is less marked; proteins are lower than 4 g%.

¢ Nutritional edema (hypoproteinemia) has many other signs of protein deficiency; proteins
are also lower than 4 g%.

e Starch peritonitis, sarcoidosis, and Crohn’s disease may resemble the laparoscopic features
of TB peritonitis, but the presence of caseating granuloma establishes the diagnosis (Table 2)
[36, 37].

The most important differential diagnosis Less likely considerations

Ascites in liver disease

Nephrotic syndrome
Peritoneal carcinomatosis Hypoproteinemia

Sarcoidosis

Starch peritonitis

Crohn'’s disease

Table 2. Differential diagnosis.
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There are a few signs that additionally suggest the diagnosis of TB peritonitis: normal serum
levels of CA 19-9 and carcinoembryonic antigen (CEA), elevated serum levels of CA 125, fever,
and lymphocyte-predominant benign ascites, but only biopsies yield the fnal diagnosis [38, 39].

6. Treatment

Treatment is initiated not only in patients with confrmed diagnosis but also in patients with
strong suspicion of TB, because a delay in treatment initiation can lead to signifcant mor-
tality. TB treatment initiation includes also individuals with ascites associated with fever,
weight loss, imaging signs of TB, personal history of TB, or contact with a tuberculosis case.

Despite the fact that most guidelines on the treatment of tuberculosis suggest that 6 months
of treatment is su®Fcient for extrapulmonary tuberculosis (except for the case of bone tuber-
culosis or tuberculous meningitis), most physicians treating peritoneal tuberculosis use anti-
tuberculous therapy for 9 to 12 months [40, 41].

Drug treatment is the most important modality and follows standard regimens and prin-
ciples. There are currently fve drugs that are considered frst-line medications: isonia-
zid, rifampicin, pyrazinamide, streptomycin, and ethambutol. Second-line drugs are only
used in case of resistance to frst-line therapy (extensively drug-resistant tuberculosis or
multidrug-resistant tuberculosis), and they are represented by aminoglycosides, fuoro-
quinolones, polypeptides, cycloserine, thioamides, and terizidone. There is also a third-
line therapy with uncertain or unproven e®cacy including rifabutin, macrolides, linezolid,
thioacetazone, thioridazine, arginine, bedaquiline, and vitamin D [42]. Drug-resistant dis-
ease varies substantially in diferent areas of the world and may occur in cases of poor
patient management, nonadherence to prescribed regimen, or as a result of malabsorption
of the antituberculous drugs.

The treatment of TB peritonitis in patients with HIV is usually the same, but because HIV-
infected patients are often taking multiple drugs, some of which may interact with antituber-
culous ones; it is strongly recommended to consult the experts in HIV-related TB.

The “complete response” to antituberculous treatment means complete resolution of symp-
toms and ascites within 6 months; in most cases, laboratory tests return to normal values
within 3 months. Persistence of ascites means “no response” [43, 44].

7. Conclusions

Peritoneal tuberculosis is still common in areas of the world where TB is prevalent and its
incidence ratio is likely to increase as a consequence of population migrations.

Ascites can be acomplication of an aggregate of diseases, which carries an unfavorable prognosis
that depends on the causes, the moment of diagnosis, and the start of the treatment.
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Establishing the diagnosis of TB ascites requires a high index of suspicion because of its insid-
ious development. In any patient with several weeks of abdominal pain, weight loss, fever,
and lymphocytic dominant ascites with SAAG < 1.1 g/L, as well as in patients with ascites
belonging to special population groups, such as indigenous or older people, or patients with
ascites as the primary symptom, ascitic TB peritonitis should be considered in diferential
diagnosis. This syndrome behaves clinically like many abdominal diseases that are often
ignored, leading to a signifcant impact on morbidity and mortality due to a delayed diag-
nosis and treatment. Older laboratory tests lack sensitivity and specifcity in establishing the
diagnosis. Histological examination, considered the gold-standard diagnosis method, is an
invasive procedure with high risk of complications. More accurate methods such as molecular
tests based on mycobacterial nucleic acid amplifcation tests (NAATSs), PCR techniques used
to detect bacterial DNA, or interferon-gamma release assays (IGRA) and biochemical meth-
ods such as the serum-ascites albumin gradient (SAAG), ratio between LDH in ascites fuid/
serum total protein (TP) ratio and fuid ascites/serum LDH ratio, adenosine deaminase activ-
ity (ADA), and imagistic techniques were recently considered for an efcient positive diagno-
sis of TB ascites, making possible the early treatment with appropriate tuberculostatic drugs.
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