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ABSTRACT

Background: Hepatocellular carcinoma is basically a type of tumor originating from
liver cells. A condition called cirrhosis causes the liver to become permanently damaged
and scarred. Computed Tomography (CT) scan is best for identifying and evaluating
hepatic cancers. When contrast material is injected, multiphasic scanning with helical CT
improves hepatocellular carcinoma detection and staging.

Objective: The aim of this study was to assess the diagnostic accuracy of tri-phasic
computed tomography in differentiating between cirrhotic nodules and hepatocellular
carcinoma nodules.

Methodology: This was a cross -sectional study design. It was carried out in Arif
Memorial Teaching Hospital. Non-probability convenient Sampling technique was used.
Statistical analysis was conducted using SPSS version 26.0, with Receiver Operating
Curve (ROC) to assess the diagnostic accuracy of tri- phasic CT for differentiating both
nodules. Independent sample t- test was also applied.

Results: Initial finding of area under curve (AUC) for a ROC curve value of 0.4 and
independent sample t- test shows a 0.01 p. value for cirrhotic nodules while for
hepatocellular carcinoma nodules area under curve for a ROC curve shows a value of
0.9 and independent sample t- test shows a value of 0.8. Our study showed that
sensitivity of CT for cirrhosis nodules was 63% and specificity was 90% and for HCC

nodules sensitivity was 90% and specificity was 20%.

Conclusion: In conclusion tri- phasic computed tomography has good diagnostic

accuracy for hepatocellular carcinoma nodules as compared to cirrhotic nodules.

Key words: Computed Tomography, Hepatocellular carcinoma, Cirrhotic Nodules
Sensitivity, Specificity.



Chapter 1
INTRODUCTION

The most frequent primary hepatic tumor, hepatocellular carcinoma (HCC) ranks sixth
globally interms of frequency of occurrence and can cause up to one million deaths
yearly. The incidence ofdiscovering HCC by computed tomography (CT) has grown
from 1.4 to 2.4 per 100,000 over the past 20 years, and this has resulted in a 41%
increase in the overall death rate (1). However, the ability to distinguish between
benign and malignant nodules using noninvasive imaging techniques is restricted and
is mostly dependent on the differences in their vascular supplies. Regenerative
nodules have a portal venous blood supply, similar to the underlying liver
parenchyma, but high-grade degenerating nodules and HCC show signs of novo arterio
genesis, as seen by a rise in non-tri- radial or unpaired arteries (2). Less than 5% of
patients with symptomatic, untreated HCC survive after five years. On the other hand,
80% of patients with cirrhosis who have had a tiny (2 cm) HCC transplanted survive
for five years. It is obvious that a tiny HCC's discovery is essential to the patient's

outcome (1).

It can be challenging to distinguish HCC morphologically from other hepatic nodules.
There are several benign regenerative nodules present in cirrhotic livers. Pathologic
evaluation frequently allows for the histological differentiation of premalignant
dysplastic nodules (DN) and small HCC from background cirrhotic regenerative

nodules with bi-cellular atypia and stromal micro-invasion (2).

The pathology and imaging results in the livers of people who receive transplants differ
from thoseof patients who do not in a number of ways. Explanted livers from patients
with viral or alcoholiccirrhosis tend to reveal a more advanced disease state than those
reported in Asia from partial hepatectomy specimens. This is due to the fact that only
Child patients may withstand a lengthy hepatic resection, but the majority of patients
undergoing orthotropic liver transplantation are frequently Child class C patients (3).
To our knowledge, there has never been any documentation of the specifics. There is
some controversy surrounding the report in one series that all enhancing lesions

observed in patients with liver cirrhosis were actually hepatocellular carcinoma.
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However, there are anecdotal reports of enhancing lesions in patients with cirrhosis

coming from a variety of causes, including hypo vascular lesions that mimic

hepatocellular carcinoma (4). Furthermore, Asian hematopathologists identified DN

(formerly knownas adenomatous hyperplasia) from hepatectomy materials

considerably earlier than transplant facilities in the United States and Europe; these

centers didn't start reporting these lesions until theearly to mid-1990s. early computed

tomography research from North America (3).

Cirrhotic liver is one of the trickier radiological cases. It is challenging to identify

significant underlying problems because of the damaged and twisted liver architecture.

The fact that these patients have a significantly higher risk of developing

hepatocellular carcinoma exacerbates the issue. Not only are these tumors hard to find

in cirrhosis patients, but the disease itself can produce lesions that resemble tumors.

Owing largely to arterial phase enhancement's improved capacity to detect early, tiny

lesions, contrast-enhanced helical CT has emerged as the most widely utilized

screening modality for hepatocellular carcinoma in cirrhosis patients while it is well

known that the sensitivity of helical CT and contrast-enhanced MR imaging to detect

hepatocellular carcinomain cirrhosis patients ranges from 50% to 70% (4).

CT techniques are best for identifying and evaluating hepatic cancers. When contrast

material is injected, multiphasic scanning with helical CT improves hepatocellular

carcinoma detection and staging. However, because the gold standard for the diagnosis

of hepatocellular carcinoma orother nodules is typically based on either the findings at

partial hepatic resection or clinical and imaging studies with or without biopsy, it is

impossible to ascertain the true sensitivity and specificity of multiphasic helical CT.

Pathologic investigation frequently finds incidental hepatocellular carcinomas,

particularly tiny ones, that were overlooked by imaging techniques. In this sense,

pathologic analysis of the removed liver should be done before determining the actual

sensitivity of an imaging test (4, 5).

Cirrhosis is the term describing the histological development of regenerative nodules
surrounded by fibrous bands as a result of chronic liver injury. End-stage liver disease
and portal hypertension are brought on by this illness. Recent advancements in our

knowledge of the etiology, natural history, and treatment of its effects have improved
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the management, quality of life, and life expectancy of people with cirrhosis. The main
subjects of this lecture will be the diagnosis, implications, and treatment of cirrhosis
along with contemporary developments in science and practice (5).

Cirrhosis, the 14th most common cause of death globally and the fourth most common
cause of death in central Europe, is increasingly common in more developed countries
as a source of morbidity and mortality. The idea that cirrhosis is not a single condition,
but rather a disease that may be classified into various clinical prognostic stages is
gaining traction. Precaution should be the new paradigm in the management of patients
in order to stabilize the disease's course (6).

It is commonly recognized that, regardless of the cause of liver illness, cirrhosis is the
most powerful risk factor for the onset of hepatocellular carcinoma. The occurrence of
HCC in different liver disorders, particularly liver cirrhosis (LC), has not yet been
precisely compared, though. Furthermore, it is currently unknown how much cirrhosis
increases in a variety of liver illnesses. In this study, we conducted a meta-analysis to
compare the incidence of HCC in LC in different liver illnesses. We also examined the
ways in which the occurrence of developing HCC in the cirrhotic condition is rising in
comparison to the non-cirrhotic state in different liver disorders. We also go over
potential pathways for HCC formation in a variety of liver conditions (7).

Any liver lesion outside of the normal parenchyma, regardless of whether it results in
structural or functional abnormalities of the hepatic-biliary system, is called as a liver
nodule. These lesionscan be changed in size. Both benign and malignant tumors are
possible. Regional and ethnic variations are evident in the prevalence of different liver
pathologies. In Europe and the US, a liver nodule is more likely to be a metastatic
deposit than a primary malignancy; however, with a prevalence of 8-10%,
hepatocellular carcinoma ranks as the fourth most prevalent liver disease in Pakistan.
When compared to data from the West, this prevalence rate is considerable (8).

The most common primary liver tumor and the leading cause of death for people with
cirrhosis is hepatocellular carcinoma (HCC).In the cirrhotic population, the yearly
incidence of HCC ranges from 3% to 5%.A poor prognosis (0%—10% 5-year survival) is
linked to a diagnosis made after symptoms appear and when the tumor stage is already

advanced. However, early diagnosis of HCC can lead to effective treatments and long-
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term life (50% to 70% 5-year survival) (21).

Hepatocellular carcinoma (HCC) has been found early enough to enable curative
treatment by follow-up surveillance of cirrhosis patients. A method for differentiating
HCCs from other hepatic lesions smaller than 3 cm that are found during
ultrasonography (US) screening of the livers in patients with cirrhosis is outlined in the
practice recommendations of the American Association for the Study of Liver Diseases.
According to the guidelines, nodules larger than 1 cm in diameter should be further
examined using magnetic resonance imaging (MRI) or dynamic contrast material-
enhanced computed tomography (CT). Therefore, treating the nodule as though it were
HCC may be justified if arterial hyper-vascularization is found. For hypo vascular
nodules, defined as lesions that look less enhanced than the surrounding liver both on
arterial and venous phase images (22).

Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related
deaths and the sixth most common type of cancer globally. HCC is the primary cause of
death for patients with liver cirrhosis, which is complicated by HCC in over 90% of
cases. The only way to ensure long-term survival is to diagnose the tumor early when
appropriate therapy may be applied, as the rate of HCC at 5 years may surpass 25%. As
a result, all guidelines advise screening for HCC in cirrhosis patients who would receive
treatment if they were found to have the disease. Ultrasound (US) is used for screening,
and a significant clinical difficulty is the unambiguous diagnosis of a US-detected
nodule within a cirrhotic liver. Confirmation by biopsy has many drawbacks. Ascites,
coagulation issues, and tumor location may make needle insertion impossible, and there
are dangers involved (bleeding or seeding) (23).

The accurate identification of a nodular lesion, discovered by imaging modalities in a
liver with cirrhosis, remains a crucial problem for clinicians. The issue is particularly
complicated for small (1-3 cm) nodules, because many of these may be pre neoplastic
lesions with uncertain malignant potential,1 such as macro regenerative nodules, low-
grade dysplastic nodules (LGDN) or high-grade dysplastic nodules (HGDN), or more
rarely, hemangiomas , which can be found altogether in up to 42% of cases in explanted
livers. The choice of whether to treat these nodules is crucial since it is acknowledged

that some of them may have little foci of hepatocellular carcinoma (HCC) and that the
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majority will develop into HCC over a few years. Arterial hyper vascularization,
detected at contrast-enhanced imaging techniques, is now regarded as a distinctive
feature of HCC in cirrhosis, because non neoplastic nodules still have a prevalent portal
vascularization. This feature was taken into account in the European Association for the
Study of the Liver (EASL) document for the clinical management of HCC, where
confirmation of the arterial hyper vascular pattern by two imaging techniques, even in
the absence of a significant (400 ng/mL) rise in -fetoprotein, was suggested as
diagnostic criteria for HCC in nodules larger than 2 c¢cm in patients with cirrhosis,
whereas histological confirmation plays a pivotal role in the diagnosis of nodules of 1 to
2 cm because of the potential inaccuracy of imaging techniques in such small nodules
(24).

An excess of recurrent HCC was originally reported by Reign and co-workers in
patients with a previous HCC who underwent antiviral therapy with DAAs (27.6% in
5.7 months from the beginning of antiviral treatment), while a study by Cardoso and
collaborators reported an unexpectedly high risk of de novo HCC in patients with SVR
following antiviral therapy (7.4% during a mean follow-up of 12 months) in a strict
time-dependent relationship between treatment with DAA and HCC onset. These results
sparked concerns that premalignant liver nodules or clinically undetectable clones of
HCC might quickly develop into detectable HCC due to either a DAA-mediated
increase in vascular endothelial growth factor (VEGF), as suggested by a recent
prospective study, or a rapid removal of HCV with DAA, which is thought to impact
immune surveillance against cancer. This may also be the takeaway from a multicenter
trial conducted in the United States, which found that patients treated with DAA
experienced a shorter period between tumor eradication and return than individuals who
were not treated for any number of reasons. Nonetheless, the majority of these studies'
shortcomings include their retrospective design and the enrollment of patients whose
primary goal was to receive SVR, with little data collected related to the risk of
developing HCC (25).

Recent developments in imaging techniques have made it easier to identify tiny
hepatocellular carcinomas (HCCs), and the prognosis of these lesions has significantly

improved (1). In individuals with liver cirrhosis or chronic hepatitis, small HCCs are
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typically found using computed tomography (CT) or periodic ultrasonography (US).
Nonetheless, a number of different kinds of hepatocyte nodular lesions can be seen on
US or CT scans. These include regenerative nodules, adenomatous hyperplasia (AH),
which is also known as adenomatous hyperplastic nodule, adenomatous hyperplasia, or
macro regenerative nodule, atypical AH, which are lesions that fall somewhere between
benignity and malignancy, and AH with malignant foci. Their US and CT characteristics
are strikingly similar to those of small HCCs. Consequently, it is now crucial to
distinguish these lesions from little HCCs. However, we previously discovered that
while portal blood flow exists in these lesions, CT during arterial portography (CTAP),
which is used for the accurate diagnosis and preoperative assessment of hepatic tumors,
typically does not clearly show regenerating nodules and areas of arterial enhancement
(26).

Architectural distortion and the formation of a variety of nodules, from benign
regenerative nodules to dysplastic nodules to openly malignant hepatocellular carcinoma
(HCC), are hallmarks of cirrhosis, a gradual widespread process of liver fibrosis. Over
the past 20 years, the frequency of HCC in North America has nearly doubled, and the
prognosis is not good. The best treatment for HCC is resection or transplantation, which
significantly improves survival when detected early. In one study, patients with minimal
iliness had an 85% 4-year recurrence-free survival rate after liver transplantation.
Because cadaveric organs are scarce, it is crucial to identify nodules containing HCC
early on in order to control tumor burden while waiting for transplantation and to
identify patients who may benefit from transplantation in the long run versus those who
won't (27).

Although the clinical significance of macro nodules detected "in vivo" and their
management are still up for debate and the subject of much research, the majority of the
studies addressing their natural outcome were retrospective or primarily limited to large
regenerative or atypical/border-line lesions. The differential diagnosis of small nodular
lesions arising in cirrhosis is essentially limited to early hepatocellular carcinoma (HCC)
and non-malignant macro nodules, which include large regenerative, low, and high
grade dysplastic nodules. Up until now, the general consensus is that high grade

dysplastic nodules are the true precursors of HCC, while the remaining nodules are
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thought to be only marginally involved in human liver carcinogenesis. Some factors
predicting the malignant transformation of 32 ultrasonography detected hepatocellular
nodules have surfaced in a recent study, however the results were deemed tentative due
to the small cohort size (28).

Nodular hepatic lesions, also known as adenomatous (adenomatous) hyperplasia (AH),
have received a lot of attention lately since they may be precancerous lesions for HCC.
Unfortunately, there is no established terminology or unambiguous definition for these
lesions. AH currently refers to both nodular liver lesions with cytological and structural
atypical and those without such alterations. Previously, we divided nodular lesions in
cirrhotic livers into two prototypes: a large regenerative nodule and a dysplastic nodule
(borderline lesion), excluding overt HCC nodules. While the latter exhibits various
atypical alterations that histologically mimic HCC, the former nearly exhibits the same
histological structure as typical pseudo lobules in a cirrhotic liver. Determining whether
a simple big regenerative nodule develops into HCC through the dysplastic nodule is
crucial. In this work, we tracked changes in histological features and clinical courses
over time to assess the precancerous potentiality of large regenerative nodule (29).

One of the last common pathways of many chronic liver illnesses is liver cirrhosis,
which is characterized by regenerative nodules (RNs) of the hepatic parenchyma
encircled by fibrotic bands. One it is commonly accepted that hepatocytes proliferate
locally and become trapped by extracellular matrix deposition to become RNs.
Numerous attempts have been attempted to determine the location of registered nurses,
frequently by looking at females' X-chromosome-linked markers. For instance, in
hepatitis C virus-induced liver cirrhosis, restriction fragment length polymorphism of
the X-chromosome-linked phosphor glycerol kinase gene and random methylation-
induced gene inactivation have revealed that almost half of all RNs are monoclonal.
Studying the pattern of inactivation of the X-linked human androgen receptor gene
(HUMARA) revealed a similar outcome, with monoclonal RNs accounting for 45% of
cases.4. Nevertheless, the location of X-inactivated cells in the liver is not considered in
either of these investigations. The offspring of a single X- inactivated embryonic cell
may be grouped together since X-inactivation (L- yonization) happens really early in

embryogenesis. "Patches™ are collections of cells that have a common X-inactivation

7



pattern; in the human colon, these patches can span up to 400 crypts. A RN that appears
in the center of a patch in the liver would therefore be mono phenotypic for an X-linked
marker, though it might be derived either mono clonally or poly clonally (30).

The pre-malignant potentiality of large regenerative nodules (LRNs) and dysplastic
nodules (DNs) remains contentious despite the publication of numerous follow-up
studies on these nodules. In our earlier investigation, no LRNs exhibited malignant
transformation; nonetheless, some writers claimed that LRNs were pre-malignant.
However, because there was not yet broad agreement on the histological criteria for
well-differentiated hepatocellular carcinoma (HCC), DN, and LRN, these older data are
difficult to compare. Furthermore, the follow-up periods were shorter and there were
fewer nodules overall. Some reports looked at more than 90 nodules, while others
looked at less than 40. The longest follow-up period was shorter than five years in four
out of the nine earlier investigations. If the numbers of nodules and the lengths of the
follow-up periods had been greater, the results might also have been different (31).

An international panel of experts classified the various types of benign and malignant
hepatocellular nodules that have been described, all of which are caused by previous
hepatic injury, based on two main sets of criteria: (a) whether the hepatic cells are
regenerative or dysplastic, and (b) the anatomic characteristics of the adjacent hepatic
stoma. Making this distinction is crucial because the clinical implications range from
completely benign (e.g., focal nodular hyperplasia) to blatantly malignant, with other
nodules of intermediate concern. Budd-Chiari syndrome and other systemic illnesses
that cause vascular derangement of the liver may have big (multiacinar) regenerative
nodules among the benign nodules. Combining the resources of several institutions has
allowed us to investigate a significant number of patients with these lesions, and we
believe that, in the majority of cases, a precise diagnosis may be made based on clinical
correlation and characteristic imaging findings. The pathologic-imaging connection,
clinical characteristics, and differential diagnosis of large liver regenerating nodules are
covered in this article (32).

CTAP is the preferred method of preoperative work-up of candidates for hepatic
surgery, especially for the detection of small hepatic tumors like hepatocellular

carcinoma (HCC) and metastatic tumors, because it is the most sensitive modality in the
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depiction of small liver lesions. Since CTHA can be used in conjunction with CTAP and
seems to be more useful when used in conjunction with CTAP, it can show
hypervascular hepatic tumors or even hypo- vascular metastases. Abnormal nodules like
HCC or dysplastic nodules often stand out against the background of cirrhotic liver
parenchyma at CTAP and CTHA. Portal hypertension and Porto systemic shunt
frequently because reduced or reversed portal flow in patients with severe cirrhosis.
CTAP is typically nonspecific, showing false-positive perfusion abnormalities or benign
diseases such hemangiomas and cysts. According to Peterson et al., regenerating
nodules were the most often seen benign nodular lesions at CTAP. It is challenging to
interpret CTAP investigations because lower attenuation nodules or the mottled
appearance of hepatic parenchyma brought on by regenerative nodules and fibrosis
mimic neoplasms (33).

Hepatocellular carcinoma (HCC) is the second leading cause of cancer death and the
fifth most prevalent type of cancer globally. According to estimates, 80% of HCCs in
cirrhosis patients arise through a multi-step carcinogenesis process that starts with a
regenerative nodule (RN), progresses to a dysplastic nodule (DN), and ends with HCC.
Because more therapeutic choices are available when a possible malignancy is identified
early, post-treatment recurrence rates are reduced and long-term survival is improved.
Accurately differentiating between RN, DN, and tiny HCC is crucial for efficient
treatment. For newly discovered nodules during HCC surveillance, recent practical
guidelines suggest using contrast-enhanced CT, MRI, or contrast-enhanced
ultrasonography (CEUS) as a logical next step. To assess the liver nodules in terms of
various enhancing patterns, a variety of imaging features were employed. CEUS is
better at identifying nodule hyper-vascularity because of real-time assessment than CT
or MRI, which may not show arterial phase hyper-enhancement (APHE) because of
arterial phase mistiming. As a result, CEUS may be useful in describing non-hyper
vascular, unidentified lesions on CT and MRI. Furthermore, CEUS has benefits such as
low cost, simplicity of use, and non-radioactivity, making it a useful tool for HCC
surveillance (34).

Hepatic venous outflow obstruction, regardless of the mechanism or degree of

obstruction, is known as Budd-Chiari syndrome (BCS). From tiny hepatic veins to the
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inferior vena cava's (IVC) right atrium entry, this blockage can be seen. This definition
does not include hepatic outflow obstruction linked to sinusoidal obstruction syndrome
(SOS), right heart failure, or pericardial disease since they are distinct
pathophysiological and clinical entities. Hepatic venous occlusion is the most frequent
cause of primary BCS in the Western world, and it typically affects women. In Asian
populations, however, it is typically idiopathic or linked to structural abnormalities such
membranous blockage. It frequently affects men and is brought on by blockage of the
hepatic vena cava. Hepatocyte necrosis, atrophy, and severe centrilobular congestion are
all brought on by BCS. Consequently, a few weeks following venous blockage,
parenchymal fibrosis appears. As the disease progresses, regenerative nodules may form
from hepatic atrophy and increasing fibrosis. These nodules typically have a perioral
distribution, are numerous, hyper-vascularized, and dispersed throughout the liver. This
outcome leads to a rise in portal hypertension and portal branch compression (35).

10



AIM AND OBJECTIVE

To assess the diagnostic accuracy of tri-phasic computed tomography in differentiating

cirrhosis nodules and hepatocellular carcinoma nodules.
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Chapter 2
LITERATURE REVIEW

Velazquez et al (9) conducted a study in 2017; he revealed that elements linked to the
development of hepatocellular carcinoma (HCC) may enhance the effectiveness of
surveillance initiatives. A program of early diagnosis includes 463 individuals with
liver cirrhosis in Child class A or B, ranging in age from 40 to 65. We assessed the
prediction power of several risk factors with the Cox regression model and the Kaplan-
Meier method. HCC struck thirty-eight patients. Upon doing a multivariate analysis,
four characteristics emerged as independent predictors of the developmentof hepatitis
C virus (HCC): anti-HCV antibody positive, age 55 years or older, pro thrombin
activity 75% or less and less platelet count. Based on how much each of these

components contributed final model.

SG, et al (10) in 2010, discovered that it is widely known that liver cirrhosis of
various etiologies is associated with an increased risk of developing HCC. The
incidence of HCC in different liver disorders has not yet been compared, though. We
conducted a survey on this comparison. We searched the PubMed database from 1989
to 2017 for English-language publications that reportedon the development of HCC in
various liver disorders based on prospective follow-up outcomes. A meta-analysis
was carried out for every liver condition. The following are the annual incidence (%)
of HCC in the cirrhotic and non-cirrhotic stages as well as the ratio of HCC incidence
in the cirrhotic stage to the non-cirrhotic stage. The liver illnesses are caused by the

hepatitis B and C viruses.

Tarao et al (11) in 2019, revealed that in tropical Africa and south-east Asia,
hepatocellular carcinoma is still very common and is primarily associated with chronic
hepatitis B virus infection. Although primary prevention, which involves immunizing
newborns at or near birth, is effective, millions of people continue to be chronically
infected, thus any reduction in the frequency of tumors cannot be predicted for
decades, even in nations where the resources are available. As a result of the

widespread use in recent years, chronic hepatitis C virus infection has been on the rise
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in Japan, the USA, and the Mediterranean countries of Europe, the Middle East, and
North Africa. Molecular biology research on hepatic carcinogenesis implicating the
hepatitis B virus gene has yielded a wealth of information.

Sasaki et al (12) in 2017 discovered that in patients with liver cirrhosis, hepatic
carcinogenesis is thought to be a primary cause of postoperative recurrence of de
novo hepatocellular carcinoma (HCC). According to reports, the degree of underlying
liver impairment and the results of HCC surgery are connected. It is still unknown,
though, how frequently postoperative de novo HCC recurs and how often it does so
annually. Precancerous lesions, particularly adenomatous/dysplastic nodules and
large-cell/small-cell changes, are still hotly debated topics. It's also not quite clear
how to distinguish nodular lesions in cirrhosis from early-stage carcinoma. It is
uncommon for hepatocellular carcinoma to spontaneously resolve. It is most likely
immune mediated, and after surgery, therapy with activated T-lymphocytes may lower
the recurrence rate.The diagnosis of hepatocellular carcinoma in challenging cases has
been made considerably easier by the positive identification of the disease by a liver-

specific antibody.

Tsai et al (13) in 2019, investigated 102 cirrhotic HCC patients, with non-hepatic
disease controls participated in a case-control study to determine whether hepatitis B
virus and hepatitis C virus (HCV) infection are risk factors for liver cirrhosis and
hepatocellular carcinoma. In comparison tocontrols (16.6%, 10.5%), the prevalence’s
of hepatitis B surface antigen and antibody to HCV were greater in HCC and liver
cirrhosis. Anti-HCV was more common in cirrhotic HCC (66.6%) and liver cirrhosis
(46.1%) in HBsAg-negative patients than in controls. Patients that tested positive for
HBsAg did not show this difference. Both HBsAg and anti-HCV were significant risk

factorsfor HCC, according to multivariate analysis (odds ratio).

Colombo et.al (14) in 2021 indicated that over follow-up periods average 33 months
hepatocellular carcinoma was discovered in 29 patients at baseline and in 30 patients
of 417 patients who were tumor-free at baseline. Patients with continuously elevated
serum alpha-fetoprotein levels had a higher cumulative risk of developing

hepatocellular carcinoma during follow-up than did patientswith levels or those with
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consistently normal levels. Only 17 patients had tumors that might be
removed.Among those found during follow-up, the percentage of possibly operable

tumors was significantly lower than the percentage at enrollment.

Brancatei et al (15) in 2015 revealed in his study that a single-detector helical CT
screening was performed on 1329 cirrhosis patients who were recommended for
transplant recovery. The patientswere monitored for 19 months or until transplantation
after undergoing one or more helical CT exams over a 30-month period. With
infusion rates of 2.5-5.0 mL/sec, we mostly employed un-enhanced and biphasic
contrast-enhanced approaches. A total of 435 patients had transplants throughout this
time (15).

Bolonld et al (16) in 2023 showed a study in which liver specimens were sectioned and
each lesion's histologic confirmation was directly compared to the pathology and
imaging results. For the primary data analysis, prospective preoperative helical CT
reports were utilized. A retrospective, un-blinded examination was conducted to
identify the features of lesions that were mistakenly identified as hepatocellular

carcinoma.

Nayak et al (17) in 2019 in his retrospectively study, assessed a contrast-enhanced CT
dataset of 40patients with three subject groups: healthy patient 14, cirrhosis 12 patients,
and cirrhosis with HCC 14 patients. A unique approach was created and compared with
the most advanced deep learning-based technology for the automatic 3D segmentation

of liver utilizing modified region- growing segmentation technique.

Martino et al (18) in 2014 showed that, using logistic regression, histogram parameters
were determined from segmented CT liver volume to distinguish between livers that
were healthy and pathological (cirrhosis and HCC). Support vector machines were
used in a multi-phase CT image analysis process to extract 24 temporal variables for

the purpose of diagnosing liver HCC and cirrhosis.

Singa et al (19) in 2018 revealed that, 145,396 patients with HCC in 59 trials that we
found, 41,052 (28.2%) had surveillance-detected HCC. After correcting for lead-time
bias, HCC surveillance was linked to better early-stage identification, receiving curative

therapy, and overall survival; yet, there was significant variability in all pooled
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estimates. Across studies, the percentage of patients who suffered bodily injury
associated to monitoring varied from 8.8% to 27.5%, with the majorityof these injuries
being moderate in nature.

Tuysuz et al (35) in 2024 suggested that Budd-Chiari syndrome (BCS), regenerative
nodules may form from hepatic atrophy and increasing fibrosis due to decreased portal
and venous outflow and hyper-arterialization. We used contrast-enhanced CT to assess
the frequency and detection rate of hepatocellular carcinoma, as well as the imaging
properties of regenerative hepatic nodules, their incidence rates in diagnosis and follow-
up, and the yields of the CT scan technique validated by pathological examination.
Thirty-three liver transplant recipients with primary chronic BCS were included in this
two-center retrospective analysis. A multiphase procedure was employed to acquire
images throughout the arterial, portal-venous, and delayed phases prior to and following
the application of contrast. Images from three-dimensional tomography and CT
angiography were acquired. The main conclusion was the balance between the
pathological and CT imaging findings. Relationships between nodule incidence rate in
BCS and nodule malignancy development rate, as well as between nodule and HCC
development and blood type and disease duration, were secondary outcomes. Computed
tomography demonstrated a sensitivity of 78.3%, a positive predictive value of 90.0%, a
specificity of 80.0%, and a negative predictive value of 61.5% in identifying the nodules
that were pathologically identified.

Kim et al (36) in 2016 investigated that A rapid reduction in portal and arterial blood
flow, followed by ischemic necrosis, is the cause of infarcted regenerative nodules in
patients with liver cirrhosis. Although these lesions are uncommon in stable patients,
they commonly appear in those who have recently experienced gastrointestinal bleeding,
mainly from variceal hemorrhage. It might be difficult to distinguish these lesions from
other localized lesions, such as metastases and hypovascular hepatocellular carcinomas
(HCCs).. Laboratory tests showed the following results: hemoglobin, 10.4 g/dL;
hematocrit, 31.8%; white blood cell count, 4,230/uL; and platelet count, 69,000/mm3.
The blood chemistry profile was as follows: total protein, 5.5 g/dL; albumin, 3.1 g/dL;
total bilirubin, 0.7 mg/dL; aspartate aminotransferase (AST), 45 U/L; and alanine

aminotransferase (ALT) 31 U/L. His pro-thrombin time (14.4 seconds) and international
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normalized ratio (1.31) were prolonged.

Thaiss et al (37) in 2016 investigated case of HCC in a patient with cirrhosis and a
history of variceal hemorrhage that could not be differentiated from many infarcted
regenerating nodules. A 70-year-old man with alcoholic cirrhosis went to the ER due to
dizziness and discomfort in his epigastrium. Four years ago, he was diagnosed with a
1.3-cm single nodular HCC, and following three sessions of trans-arterial
chemoembolization (TACE) with doxorubicin, he had a full response. His baseline
resting heart rate was 45 to 55 beats per minute, and his pulse rate was 72 beats per
minute when he arrived. His blood pressure was 63/45 mmHg. Since VEGFR-2
expression influences prognosis and treatment options, it is important to determine
whether VEGFR-2-expression in hepatocellular carcinoma (HCC), dysplastic (DLN),
and regenerative liver nodules (RLN) correlates with pre-histology, in vivo Dynamic
Contrast Enhanced-Computerized Tomography (DCE-CT) data.

Nagasue et al (38) in 2018 estimated that ten individuals with "hepatocellular pseudo
tumor in the cirrhotic liver" (regenerating hyper-plastic nodule) in the last six years. All
of the patients were men between the ages of 40 and 82. Seven of them drank alcohol
regularly. Seven had either anti-HBs or anti-HBc, but none tested positive for HBs-Ag.
Six individuals who did not have hepatocellular carcinoma at the time of the pseudo
tumor diagnosis had serum AFP levels ranging from 4 to 28 ng/ml. Seven cases had
ultrasonography, two had computed tomography, and one had angiography to show the
lesions. In each of the five cases examined, the liver scan came out negative. Three
patients had pre-operative diagnoses of hepatocellular carcinoma, three had pseudo
tumor in the cirrhotic liver, and one had recurrent carcinoma, all of which were
confirmed or highly suspected. Pseudo-tumor was inadvertently found in excised tissues
of hepatocellular carcinoma in three further patients. Seven individuals had synchronous
or meta chromos development of cancer, according to the histological and follow-up
investigations. It has yet to be determined whether these cirrhotic liver lesions are
premalignant.

Choi et al (39) in 2013 investigated that chronic liver illness is one of the most
significant elements in carcinogenesis, hepatocellular carcinomas often arise in

conjunction with liver cirrhosis. Recent reports of pathologic investigations of resected
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specimens from cirrhotic livers indicate small nodular lesions (i.e., regenerating nodule,
adenomatous hyperplasia, and early hepatocellular carcinoma) that are related with
small hepatocellular carcinomas (less than 3 cm in diameter). A regenerating nodule
may represent the initial stage of hepatocellular carcinoma in the cirrhotic liver's hepatic
carcinogenesis, which progresses in stages of adenomatous hyperplasia and early
hepatocellular carcinoma. We examine the current understanding of the role of these
related lesions in carcinogenesis and detail the pathologic features of small
hepatocellular carcinomas and accompanying nodular hepatic lesions. Additionally, we
go over the imaging results of these anomalies, the effectiveness of different imaging
methods in identifying them, and the significance of imaging in treatment planning (39).
Kanematsu et al (40) in 2003 estimated that 32 tiny hepatic nodules were seen by
sonography and verified pathologically in 23 consecutive cirrhotic patients suspected of
having HCC. Six lesions required definitive surgery, and 26 were verified by
ultrasonographically guided aspiration needle-core biopsy. Records of ultrasound exams
were examined in the past. Two radiologists conducted a blind retrospective
examination of CT and MR images acquired using different imaging modalities (40).
Elsayes et al (41) in 2017 investigated that interpretation of liver imaging results in
patients who are at risk for hepatocellular carcinoma (HCC), the Liver Imaging
Reporting and Data System (LI-RADS) was developed. A committee of diagnostic
radiologists with experience in liver imaging, backed by the American College of
Radiology, worked together and continuously to establish this approach. Hepatic biliary
surgeons, hepatic logists, hepatic pathologists, and interventional radiologists all
provided invaluable input. This article reviews the 2017 edition of LI-RADS for
magnetic resonance imaging and computed tomography. The right population for LI-
RADS application, technical guidelines for image optimization, such as definitions of
dynamic enhancement phases, diagnostic and treatment response categories, major and
ancillary imaging feature definitions, criteria for differentiating definite HCC from a
potentially non-HCC malignancy, management options after LI-RADS categorization,
and reporting are some specific topics.

Sangiovanni et al (25) in 2020 suggested that De novo HCC occurred in 48 patients
(annual incidence 3.1/100 patient-years, 75% BCLC 0-A) and recurred in 40 patients
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(mean yearly incidence 29.9/100 patient-years, 83% BCLC 0-A) throughout a median
study period of 17 months in group 1 and 16 months in group 2. In patients with
UNMN:Ss in group 1, the HCC immediate incidence peaked at 4.2 months, while in group
2, it peaked at 7.7 months. Multivariable Cox regression models showed that the
incidence of de novo HCC was independently associated with UNMNSs (hazard ratio
[HR] 3.11; 95% CI 1.47-6.57: p = 0.003), ascites detected at any time prior to
enrollment (HR 3.04; 95% CI 1.23-7.51; p = 0.02), and alpha-fetoprotein log-value (HR
1.90; 95% CI 1.05-3.44; p = 0.03), while alcohol abuse history (HR 2.10; 95% CI 1.08—
4.09; p = 0.03) and history of HCC recurrence (HR 2.87; 95% CI 1.35-6.09; p = 0.006)
were associated with HCC recurrence.

Matsui et al (26) in 2015 investigated that using a variety of imaging techniques, the
blood supply of nodular lesions linked to liver cirrhosis were examined in vivo.
Computed tomography (CT) was used to assess the portal blood supply during arterial
portography (CTAP); hepatic angiography, CT angiography, CT after intra-arterial
injection of iodized oil, or ultrasound after intra-arterial injection of carbon dioxide
micro-bubbles were used to assess the arterial blood supply. The study included 25 areas
of adenomatous hyperplasia (AH) and 84 surgically confirmed hepatocellular
carcinomas (HCCs) that were less than or equal to 3 cm. Only 6% of HCCs and 96% of
AH patients at CTAP had a portal blood supply (chi 2, P less than.005). On the other
hand, only 4% of AH cases and 94% of HCCs had an arterial supply larger than the
surrounding liver (chi 2, P less than.005). Areas of AH with atypical hepatocytes and
well-differentiated HCCs (Edmondson grade 1) tended to have blood supplies that were
in the middle of those of arterial enhancement without atypia and those of HCC that
were Edmondson and Steiner grade 2 or higher. In order to differentiate and treat early-
stage HCC, it is thought to be helpful to assess the blood supply of the nodular lesions
linked to liver cirrhosis.

Lin et al (30) in 2010 investigated that mutation in mitochondrial DNA (mt DNA) as
indicators of clonal expansion to examine the clonality and cells of origin of
regenerating nodules in human liver cirrhosis. Using histo-chemical and immune histo-
chemical techniques, mutant cells are characterized phenotypically by a lack of the
cytochrome ¢ oxidase (CCO) enzyme, which is fully encoded by mtDNA. Of the 526

18



nodules from 10 cases, 18% were uniformly CCO-deficient, while just 3% had a mixed
phenotype. Nodules were categorized as either CCO-positive or CCO-deficient.
Hepatocytes were laser-capture micro dissected from multiple locations within distinct
CCO-deficient nodules from frozen sections. Polymerase chain reaction sequencing of
the complete mtDNA genome revealed mutations. The nodules were monoclonal in
character in all but one instance, with each nodule containing up to four common
mutations in all of its hepatocytes. Furthermore, the discovery of similar mutations in
hepatic progenitor cells next to nodules deficient in CCO indicates that nodules may
originate from these cells.

Duan et al (47) in 2020 estimated that mean age of the 149 patients (113 men and 36
women) with 162 FLLs was 53.4 + 12.7 years. The probabilities of having a higher
nodule ranking (RN <DN <small HCC) increased by 68% for every unit decrease in
CATR (OR, 0.32; 95% CI, 0.20-0.50, p<.001). A higher nodule rating was adversely
correlated with arterial phase hypo enhancement and iso-enhancement as opposed to
hyper enhancement. Lower probabilities of a higher nodule ranking were linked to late-
phase iso-enhancement. Comparing the CEUS + CATR model (CH 0.92, 0.89-0.95) to
the CATR model (ACH 0.09, 0.04-0.13, p<.001) and the CEUS model (ACH 0.03,
0.01-0.05, p=.02), the former demonstrated superior discriminatory capacity (34).
Barrau et.al in 2016 assessed the sensitivity and specificity for a noninvasive diagnosis
of HCC or high grade degenerative nodules using a single imaging technology (i.e., CT
or MRI), as recently recommended by the 2016 updated AASLD recommendations.
According to the findings, sensitivity varied from 75% to 79%, with MRI having the
highest sensitivity, as other people have also noted. It's interesting to note that we had
100% specificity for either HGDN or HCC using any one imaging modality. Two
distinct diagnostic approaches are used when the initial imaging modality is unable to
produce a definitive diagnosis. We also assessed the sensitivity and specificity for a
noninvasive diagnosis of HCC or HGDN using a single imaging technology (i.e., CT or
MRI), as recently recommended by the 2016 updated AASLD recommendations.
According to our findings, sensitivity varied from 75% to 79%, with MRI having the
highest sensitivity, as other people have also noted. It's interesting to note that we had

100% specificity for either HGDN or HCC using any one imaging modality. Two
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distinct diagnostic approaches are used when the initial imaging modality is unable to
produce a definitive diagnosis.

Takayasu et al (48) in 2020 False-negative readings in CT are caused by partial-volume
averaging and respiratory movement. HCCs might not be enhanced by contrast material
in angiography. To ascertain operability and the most effective operational technique,
more diagnostic tests are required. High sensitivity was demonstrated by lipiodol CT
and portal angiographic CT in detecting tiny HCC lesions. Lipiodol CT outperformed
sonography and CT for lesions smaller than 1 cm. To find lesions smaller than 1 cm,
lipiodol CT is advised following angiography. Even though lipiodol CT was positive in
one instance when the uptake of lipiodol was identified within the lesions, we obtained a
false-negative result. Lipiodol was not retained within a 3-cm HCC lesion in this patient,
and the lesion appeared hypovascular on angiography. Small lesions can also be seen on
portal angiographic CT, albeit there was no discernible difference between lipiodol and
portal angio-graphic CT. For comparison, more prospectively investigated instances are
needed. Out of all the other imaging techniques, intraoperative sonography showed the
highest sensitivity. It found all but two of the preoperatively indicated lesions. The
results might have also been impacted by the typical three-month lag between
preoperative imaging and intraoperative sonography. Sometimes intraoperative
sonography is unable to identify HCC lesions smaller than 1 cm when the entire liver is
made up of macro regenerative nodules.

Takayasu et al (54) in 2005 estimated that Nine (24%) of 37 lesions on unenhanced
CT scans, 12 (31%) of 39 lesions on early enhanced CT scans (two had high density and
one had low density [Fig. 1]), 20 (51%) of 39 lesions on late enhanced CT scans, and 22
(56%) of 39 lesions overall were found to have early hepatocellular carcinoma (Table
1).According to tumor size, CT had the following sensitivity for early hepatocellular
carcinoma detection. Six (75%) of eight lesions were between 2 and 3 cm, 14 (61%) of
23 lesions were between 1 and 2 cm, two (29%) of seven lesions were no larger than 1
cm in diameter, and zero of one was between 3 and 4 cm, according to CT scans. CT has
a higher detection rate for bigger tumors. In the left superior lateral lobe of the liver,

directly beneath the heart, there was a single, sizable lesion (3.8 cm) that was invisible.
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Table 2.1: CT findings in 39 early hepatocellular carcinomas in relation to tumor size
(54).

Tumor | No.of | Unenhanced CT | Contrast enhanced CT No of

size in | lesion Early Phase Late phase lesion

cm low |iso |high |low |[iso |high |low |iso | high | detected
by
combine
dCT

<1 7 1 6 0 1 6 0 2 5 |0 2

1-2 23 4 17 |0 6 15 2 12 11 |0 14

2-3 8 4 4 0 3 5 0 6 2 |0 6

3-4 1 0 1 0 0 1 0 0 1 |0 0

total 39 9 28 |0 10 27 |2 20 20 | O 22

Forner et al (49) in 2008 suggested the accuracy of dynamic magnetic resonance
imaging (MRI) and contrast-enhanced ultrasound (CEUS) in diagnosing nodules 20 mm
or smaller found during ultrasound (US) surveillance is evaluated prospectively in one
research. A small single nodule (mean diameter, 14 mm) was found by US in 89
individuals with cirrhosis [median age, 65 years; male 53, hepatitis C virus 68, Child-
Pugh A] who had no history of hepatocellular carcinoma (HCC). Baseline tests included
hepatic MRI, CEUS, and fine-needle biopsy (gold standard) (FNB). CEUS at 3 months
and MRI at 6 months were used to track non-HCC cases (median 23 months). FNB was
carried out up to three times and whenever a change in aspect or size was detected. The
delayed/venous phase's intense arterial contrast uptake and subsequent washout were
recorded as conclusive for HCC. The final diagnoses were cholangiocarcinoma (n = 1),
HCC (n = 60), and benign lesions (n = 28) such as focal nodular hyperplasia,
hemangioma, and regenerative/dysplastic nodule. Alpha-fetoprotein (AFP) levels, liver
function, cirrhosis etiology, and sex were comparable between the HCC and nonHCC
groups. Patients with HCC had considerably bigger nodules and were older (P <
0.0001). Of 60 HCC patients, 42 had positive results from their initial biopsy. The
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definitive profile's sensitivity, specificity, and positive and negative predictive values
were 51.7%, 93.1%, 93.9%, and 50.9% for CEUS and 61.7%, 96.6%, 97.4%, and 54.9%
for MRI. In both methods, the coincidental conclusive findings had values of 33.3%,
100%, 100%, and 42% (49).

Lee et al (50) in 2015 suggested that MR imaging is more sensitive per lesion and has a
similar sensitivity per patient than CT for diagnosing hepatocellular carcinoma in
patients with chronic liver disease. It also demonstrated a significantly higher sensitivity
for lesions smaller than 1 cm, lesions in explanted livers, and all lesions when geodetic
acid was used. There were 40 investigations total 6 on multi detector CT, 22 on MR
imaging, and twelve on combined CT and MR imaging. The studies assessed 2489
patients with MR imaging and 1135 patients with multi-detector CT. MR imaging's
overall per-patient sensitivity was 88% (95% CI: 83%, 92%), while its specificity was
94% (95% CI: 85%, 98%). When pooling the paired data from the 11 available trials,
the overall per-lesion sensitivity of MR imaging was higher than that of multi-detector
CT (80% vs. 68%, P =.0023). Compared to MR imaging using conventional contrast
agents, geodetic acid-enhanced MR imaging demonstrated noticeably greater per-lesion
sensitivity (87% vs. 74%, P =.03). Compared to HCCs 1 cm or larger (P <.001 for CT, P
=.02 for MR imaging) and those in explanted livers (P =.04 for CT, P <.001 for MR
imaging), per-lesion sensitivity was significantly lower for HCCs less than 1 cm (50).
Kudo et al (51) in 2008 found that With the exception of portal hypertension symptoms
on US, there were statistically significant differences between LC and CH in the five
imaging parameters assessed by CT, MRI, and US (p < 0.001). According to
multivariate analysis, liver parenchymal abnormalities, portal hypertension symptoms,
and liver morphological changes were the best predictive indicators for cirrhosis on MRI
and CT, while irregular or nodular surfaces, blunt edges, or liver morphological changes
were chosen as the best predictive indicators for cirrhosis on US. The greatest predictive
indicators were 71.9, 77.1, and 67.6% by CT; 67.9, 67.5, and 68.3% by MRI; and 66.0,
38.4 (lower than CT and MRI, p = 0.001) and 88.8% (higher than CT and MRI, p =
0.001) by US. These results indicate the predictive diagnostic accuracy, sensitivity, and
specificity in differentiating LC from CH. Diagnostic accuracy, sensitivity, and
specificity were 67.0, 84.3, and 52.9% by CT; 70.3, 86.7, and 53.9% by MRI; and 64.0,
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52.4 (lower than CT and MRI, p = 0.0001) and 73.5% (higher than CT and MRI, p <
0.003) by US, as determined by the imaging impression rating system. MRI and CT
were marginally better than US in diagnosing LC, according to ROC analysis, but there
was no statistically significant difference between the two. Cirrhosis was identified in
59.5, 46.7, and 41.7% of P-LC patients by US, CT, and MRI, respectively, with no
discernible variation between these techniques for the pathological diagnosis of P-LC
(51).

Nam et al (52) in 2011 revealed that 225 (35%) of the 638 patients had HCC, as
determined by liver explant pathological investigation. The lesions were extensively
multifocal or infiltrative in 23 of the cases. The corresponding lesion-based sensitivities
of US, CT, and MRI in the remaining 202 explants (337 numerable, distinct nodules)
were 46%, 65%, and 72% overall, and 21%, 40%, and 47% for small (<2 cm) HCC. The
presence of CT or MRI data improved the sensitivity of US (P =.049); sensitivity values
for lesions 2-4 cm and >4 cm were 62% and 85%, respectively. US, CT, and MRI
patient-based specificities were 96%, 96%, and 87%, respectively.

Nadarevic et al (53) in 2021 estimated that With 21 studies and 3101 people overall, we
included them. Because of the characteristics of the patients who were on waiting lists
for orthotropic liver transplantation, we rated 86% (18/21) of the studies as having high
worry and 14% (3/21) as having low concern with regard to applicability in the patient
selection area. CT has a sensitivity of 77.5% (95% CI 70.9% to 82.9%) and a specificity
of 91.3% (95% CI 86.5% to 94.5%) for hepatocellular carcinoma of any size and stage
(21 studies, 3101 participants; low-certainty evidence).The sensitivity and specificity of
CT for hepatocellular carcinoma were 71.4% (95% CI 60.3% to 80.4%) and 92.0%
(95% CI 86.3% to 95.5%), respectively, according to 10 investigations with 1854
participants with low-certainty data.

Kudo et al (19) in 2008 suggested in a multicenter investigation that three radiologists
with expertise in CT, MRI, and US blindly assessed the CT, MRI, and US scans of 142
patients with chronic liver disease who had surgery for complex hepatocellular
carcinoma (less than 3 cm in diameter) in 10 institutions. Using a severity scale, the
pictures were assessed for five imaging parameters: liver morphological changes, liver

parenchymal abnormalities, blunt liver edge, uneven or nodular liver surface, and signs
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of portal hypertension. Additionally, the diagnostic imaging impression score was
computed. Three pathologists independently examined the resected liver specimens and
histologically divided the patients into three categories: pre-cirrhosis (P-LC; n = 17),
liver cirrhosis (LC; n = 71), and chronic hepatitis (CH; n = 54). To find independent
predictive indicators of cirrhosis, a multivariate analysis (stepwise forward logistic
regression analysis) was conducted by comparing the outcomes of the three imaging
techniques with those from histology diagnoses. A receiver-operating characteristic
(ROC) curve analysis was also used to assess the diagnostic efficacies of CT, MRI, and
US for LC and early cirrhosis. The greatest predictive indicators were 71.9, 77.1, and
67.6% by CT; 67.9, 67.5, and 68.3% by MRI; and 66.0, 38.4 (lower than CT and MR, p
= 0.001) and 88.8% (higher than CT and MRI, p = 0.001) by US. These results indicate
the predictive diagnostic accuracy, sensitivity, and specificity in differentiating LC from
CH. Diagnostic accuracy, sensitivity, and specificity were 67.0, 84.3, and 52.9% by CT;
70.3, 86.7, and 53.9% by MRI; and 64.0, 52.4 (lower than CT and MRI, p = 0.0001) and
73.5% (higher than CT and MRI, p < 0.003) by US, as determined by the imaging

impression rating system.
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Chapter 3
METHODOLOGY

3.1 Research Design:
This was a cross -sectional study design.
3.2Clinical Setting:
| was carried my study in Arif Memorial teaching Hospital.
3.3 Sample Size:
Sample Size= Z? .15 P (1-P)
d2
1-a=95
P=80d=7%
Sample Size= 126
3.4 Sampling Technique:

Non-probability convenient Sampling technique was used.

3.5 Duration of study:
The duration of my study was 8 months.
3.6 Selection Criteria:

3.6 .1 Inclusion Criteria:
We were enrolled those patients in our study that were come in radiology department

for CTscan with cirrhosis.

We were also enrolled those patients in our study that were come in radiology
department forCT scan with hepatocellular carcinoma.

3.6.2 Exclusion Criteria:

We were excluded those patients in our study who were come in radiology

department forCT scan other than cirrhotic and hepatocellular carcinoma disease.

We were also excluded those patients in our study that were come in radiology
departmentfor CT scan for biliary track, portal vein and hepatic artery diseases.
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3.7 Ethical Consideration:

Synopsis entitled as "Assessment of diagnostic accuracy of #phasic computed
tomography in differentiating cirrhosis nodules from hepatocellular carcinoma
nodules"” submitted by: Ammara Jabeen, Roll No. SU91-MSAHW-S23-017 had been
approved for research work.

3.8 Data Collection Procedure:

The data was collected through questionnaire and CT scans. After taking the consent
form, they were enrolled in the study.

3.9 Data Analysis:
The data was entered and analyze by using the statistical package SPSS (version 26).
Quantitativedata were present as Mean and Standard Deviation while percentage and
frequency were calculated through SPSS. Data was interpreted in the form of graphs
and tables. Receiver operating characteristic curve was applied to measure the
diagnostic accuracy of computed tomography for both HCC nodules and cirrhosis
nodules. Independent t-test was also applied to see the significance value of HCC

nodules and cirrhosis nodules.
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Chapter 4
RESULTS

In general Area under Curve (AUC) has value ranges from 0-1 for Receiver Operating
Curve (ROC) curve. A value of 0.5 represents 50% of probability for correctly ranking
random positive and negative examples. A value of 0.7 represents 70% of probability
which means positive and negative with rank the positive is higher than the negative. A
value of 0.8 and 0.9 represent excellent positive results.

According to my study results, AUC of a ROC curve analysis shows 0.4 value (less than
0.5) for cirrhotic nodules which means a true negative value while AUC for HCC
nodules shows a value of 0.9 which means a true positive results.

In this study an Independent t- test is also applied. Out of 63 patients with cirrhotic
nodules 33 patients have density and enhancement of cirrhotic nodules on CT while 30
patients don’t have density and enhancement. Std. deviation of 33 is 0.478 while the
other 30 patients have std. Deviation of 0.406 while out of 63 patients 54 patients have
density and enhancement of HCC nodules on CT while 9 patients don’t have density and
enhancement. Mean and std. deviation of 21 samples are 2.90 and 0.30 respectively
while the other 9 patients have mean and std. Deviation of 2.11 and 0.33 respectively.
According to my study AUC has value of 0.4 for Cirrhotic nodules and 0.9 value for
HCC nodules which means cirrhotic nodules have true negative results while HCC
nodules have true positive or excellent results on ROC curve. ROC curve represents that
CT scan distinguished the HCC nodules better than the cirrhotic nodules.

In this study Lenene test shows the significance value of 0.019 and degree of freedom is
61.The t-test for equality of means shows the significance value of 0.120 and 0.241.The
confidence interval is 95% (0.05) for cirrhotic nodules while the significance value of
0.80 for HCC nodules and degree of freedom is 28. The t-test for equality of means
shows the significance value of <0.001 and <0.001.The confidence interval is 95%
(0.05). This study shows that the P. value is significance for HCC nodules while not

significant for cirrhotic nodules.

In this study 126 patient data was used which were divided into 2 groups. Both groups

have 63 patients. Group 1 has cirrhotic nodules while group 2 has HCC nodules.
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Results showed that 33 patients of group 1 have density on CT while 30 patients don’t
showed density on CT. Results of group 2 showed that 42 patients have density on CT
while 21 patients don’t have density on CT.

Table 4.1: Shows that total of 63 patients were presented with cirrhotic nodules on CT.

Density of cirrhotic Frequency
noduleson CT
Positive 33
Negative 30
Missing 0
Total 63
ROC Curve
1.0
ns
Z
:E 0E
e
A
0.4
nz2
0o oo 0z 04 06 08 10

1 - Specificity

Source of the Curve

enhancement of cirrhotic
nodules on

=== Reference Line

Figure 4.1: A ROC curve is drawn to see the diagnostic accuracy of tri-phasic CT. Blue

line shows the enhancement of cirrhotic nodules on CT while red line is reference line.

Area under the curve is 0.433.
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Table 4.2: Shows that total of 63 patients were presented with HCC nodules on CT.

Density of HCC nodules on CT Frequency
Positive 42
Negative 21
Missing 0
Total 63
ROC Curve

Source of the Curve

enhancement of HCC nodules
on CT

=== Reference Line

0s

06

Sensitivity

04

0z

0o

0o 0.z 0.4 06 08 1.0

1 - Specificity

Figure 4.2: A ROC curve is drawn to see the diagnostic accuracy of tri-phasic CT. Blue
line shows the enhancement of HCC nodules on CT while red line is reference line.
Area under the curve is 0.97.
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Table 4.3: Shows that total of 63 patients were presented with HCC nodules on CT.

Cases
Valid Missing Total
N Percentage | N Percentage N Percentage
Test Results* Reality 63 100 0 0.0 63 100

Table 4.4: Shows Cross tabulation for HCC Nodules. Sensitivity was 85.71% & specificity
was 71.42%.

Test Results* Reality Cross tabulation

Test Result Positive Negative Total
Positive 36 06 42
Count % 85.71% 14.28% 66.67%

within reality

21
Negative 03 18
Count % 14.28% 71.42% 33.33%
within reality
Total 63
100%
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Table 4.5: Shows that total of 63 patients were presented with cirrhotic nodules on CT

Cases
Valid Missing Total
N Percentage | N Percentage N Percentage
Test Results* Reality | 60 100 0 0.0 60 100

Table 4.6: Shows Cross tabulation for Cirrhosis Nodules. Sensitivity was 77.9% & specificity
was 76.7%.

Test Results* Reality Cross tabulation

Test Result Positive Negative Total
Positive 26 07 33
Count % 77.9% 27.3% 52.4%

within reality

30
Negative 07 23
Count % 23.28% 76.7% 47.6 %
within reality
Total 60
100%
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Table 4.7: Shows the independent samples t- test. Out of 63 patients 33 patients have

density 30 patients don’t have density and enhancement.

Enhancement
of cirrhotic
nodules on

Density  of

cirrhotic Std.
nodules on Std. Error
CT Frequency | Mean Deviation Mean
present 33 1.6667 47871 .08333
absent 30 1.8000 40684 07428

CT

Table 4.8: Levene test for equality of variance and t-test for equality of means for

cirrhosis nodules.

Levene t-test for Equality of Means 95%
Test for Confidene
Equaliy Significance Interval of
of the
Variances Difference
Mean Std. Low | Up
eD|1‘ferec Error | " per
Differ
One Two ence
Si Side Side
g t df p p
Equal 58 | .01 [-11 |61 A2 .24 -.133 A1 -35 | .09
Varianc
es
Enhance
ment of assume
cirrhotic | ¢
nodules
onCT Equal -1.1 | 60. | .11 .23 -.133 A1 -35 | .08
varianc 7
es
not
assume
d
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Table 4.9: Shows the independent samples t- test. Out of 63 patients 54 patients have

density and enhancement of HCC nodules on CT while 9 patients don’t have density and

enhancement.
Density of
HCC
nodules Std. Std. Error
on CT Frequency | Mean Deviation | Mean
Enhancement |_Present 54 2.90 .300 .06
of HCC
nodules on | absent 9 2.11 33 A1
CT

Table 4.10: Levene test for equality of variance and t-test for equality of means for

HCC nodules.
Levene t-test for Equality of Means | 95%
Test for Significance Confidence
Equality Interval of the
of Difference
Variance
S
Std.
Me Erro
Tw an r
enhance One | o- Diff Diffe
ment of Side | Side | ere renc Lowe
HCC F |Sig |t df dp dp nce e r Upper
nodules | Equal 80 | 641 | 28 |<00 [<00 |.79 | 12 | 54 | 104
on CT varian
ce
assum
es
Equal 61 | 188 |<00 |<00 |79 | 12 | 51 | 107
varian
¢ not
assum
es
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Chapter 5
DISCUSSION

Based on this study, CT techniques is best for identifying and evaluating hepatic
cancers. When contrast material is injected, multiphasic scanning with helical CT
improves hepatocellular carcinoma detection and staging (4, 5). Hepatocellular
carcinoma (HCC) is the third most common cause of cancer-related deaths and the sixth
most common type of cancer globally. HCC is the primary cause of death for patients
with liver cirrhosis, which is complicated by HCC in over 90% of cases (23). According
to a study it is widely known that liver cirrhosis of various etiologies is associated with
an increased risk of developing HCC (10). Another study discovered that in patients
with liver cirrhosis, hepatic carcinogenesis is thought to be a primary cause of
postoperative recurrence of de novo hepatocellular carcinoma (12).

According to a study investigated, there were 40 investigations total 6 on multi detector
CT, 22 on MR imaging, and twelve on combined CT and MR imaging. The studies
assessed 2489 patients with MR imaging and 1135 patients with multi-detector CT. MR
imaging's overall per-patient sensitivity was 88% (95% CI: 83%, 92%), while its
specificity was 94% (95% CI: 85%, 98%). When pooling the paired data from the 11
available trials, the overall per-lesion sensitivity of MR imaging was higher than that of
multi-detector CT (80% vs. 68%, P =.0023). Compared to HCCs 1 cm or larger (P <.001
for CT, P =.02 for MR imaging) and those in explanted livers (P =.04 for CT, P <.001
for MR imaging), per-lesion sensitivity was significantly lower for HCCs less than 1
cm. According to my study sensitivity of CT for hepatocellular carcinoma nodules was
90% while specificity was 20% (50).

In another study conducted in found that With the exception of portal hypertension
symptoms on US, there were statistically significant differences between LC and CH in
the five imaging parameters assessed by CT, MRI, and US (p < 0.001). According to
multivariate analysis, liver parenchymal abnormalities, portal hypertension symptoms,
and liver morphological changes were the best predictive indicators for cirrhosis on MRI
and CT, while irregular or nodular surfaces, blunt edges, or liver morphological changes
were chosen as the best predictive indicators for cirrhosis on US. The greatest predictive

indicators were 71.9, 77.1, and 67.6% by CT; 67.9, 67.5, and 68.3% by MRI; and 66.0,
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38.4 (lower than CT and MRI, p = 0.001) and 88.8% (higher than CT and MRI, p =
0.001) by US. These results indicate the predictive diagnostic accuracy, sensitivity, and
specificity in differentiating LC from CH. Diagnostic accuracy, sensitivity, and
specificity were 67.0, 84.3, and 52.9% by CT; 70.3, 86.7, and 53.9% by MRI; and 64.0,
52.4 (lower than CT and MRI, p = 0.0001) and 73.5% (higher than CT and MRI, p <
0.003) by US, as determined by the imaging impression rating system. While our study
showed that sensitivity of CT for cirrhosis nodules was 63% and specificity was 90%
and for HCC nodules sensitivity was 90% and specificity was 20% (51).

Another study showed that the corresponding lesion-based sensitivities of US, CT, and
MRI in the remaining 202 explants (337 numerable, distinct nodules) were 46%, 65%,
and 72% overall, and 21%, 40%, and 47% for small (<2 cm) HCC. The presence of CT
or MRI data improved the sensitivity of US (P =.049); sensitivity values for lesions 2—4
cm and >4 cm were 62% and 85%, respectively. US, CT, and MRI patient-based
specificities were 96%, 96%, and 87%, respectively. While our study showed that
sensitivity of CT for cirrhosis nodules was 63% and specificity was 90% and for HCC
nodules sensitivity was 90% and specificity was 20% (52).

According to another study three pathologists independently examined the resected liver
specimens and histologically divided the patients into three categories: pre-cirrhosis (P-
LC; n = 17), liver cirrhosis (LC; n = 71), and chronic hepatitis (CH; n = 54). To find
independent predictive indicators of cirrhosis, a multivariate analysis (stepwise forward
logistic regression analysis) was conducted by comparing the outcomes of the three
imaging techniques with those from histology diagnoses. A receiver-operating
characteristic (ROC) curve analysis was also used to assess the diagnostic efficacies of
CT, MRI, and US for LC and early cirrhosis. Diagnostic accuracy, sensitivity, and
specificity were 67.0, 84.3, and 52.9% by CT; 70.3, 86.7, and 53.9% by MRI; and 64.0,
52.4 (lower than CT and MRI, p = 0.0001) and 73.5% (higher than CT and MRI, p <
0.003) by US, as determined by the imaging impression rating system. According to our
study sensitivity of cirrhosis lesion was 63% while specificity was 90% (19).

CT has a sensitivity of 77.5% (95% CI 70.9% to 82.9%) and a specificity of 91.3%
(95% CI 86.5% to 94.5%) for hepatocellular carcinoma of any size and stage (21

studies, 3101 participants; low-certainty evidence).The sensitivity and specificity of CT
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for hepatocellular carcinoma were 71.4% (95% CI 60.3% to 80.4%) and 92.0% (95% CI
86.3% to 95.5%), respectively, while according to our study it was 90% and 20%. (53).

The Receiver Operating Curve (ROC) curve's Area under Curve (AUC) typically has a
value between 0 and 1. The likelihood of accurately classifying random positive and
negative instances is 50% when the value is 0.5. 70% of the likelihood is represented by
a value of 0.7, meaning that the positive is greater than the negative. Excellent positive
results are represented by values of 0.8 and 0.9 (25).

Based on the findings of my research, the AUC of a ROC curve analysis for cirrhotic
nodules is 0.4 (less than 0.5), indicating a true negative result, whereas the AUC for
HCC nodules is 0.9, indicating a true positive result.

An independent t-test is also used in this investigation. 30 individuals do not show
density and enhancement of cirrhotic nodules on CT, but 30 of the 63 patients with
cirrhotic nodules do. Of the 30 patients, 33 had a standard deviation of 0.478. 54 of the
63 patients had density and enhancement of HCC nodules on CT, compared to 9 who
did not, resulting in a deviation of 0.406. Nine patients had mean and standard deviation,
whereas 21 samples had mean and standard deviation of 2.90 and 0.30, respectively.
2.11 and 0.33 deviations, respectively.

A retrospectively study, assessed a contrast-enhanced CT dataset of 40 patients with
three subject groups: healthy patient 14, cirrhosis 12 patients, and cirrhosis with HCC 14
patients. A unique approach was created and compared with the most advanced deep
learning-based technology for the automatic 3D segmentation of liver utilizing modified
region- growing segmentation technique. This study shows that CT is a good modality
for picking up the HCC nodules (17).

According to my research, the AUC for cirrhotic nodules is 0.4, and for HCC nodules, it
is 0.9. This indicates that cirrhotic nodules have true negative results on the ROC curve,
whereas HCC nodules have real positive or great results. The ROC curve shows that the
HCC nodules were more easily identified from the cirrhotic nodules by the CT scan.

In this study Lenene test shows the significance value of 0.019 and degree of freedom is
61.The t-test for equality of means shows the significance value of 0.120 and 0.241.The
confidence interval is 95% (0.05) for cirrhotic nodules while the significance value of

0.80 for HCC nodules and degree of freedom is 28. The t-test for equality of means
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shows the significance value of <0.001 and <0.001.The confidence interval is 95%
(0.05). This study shows that the P. value is significance for HCC nodules while not
significant for cirrhotic nodules (17).

Two groups of 126 patients' data were used in this investigation. There are 63 patients in
each group. While group 2 has HCC nodules, group 1 has cirrhotic nodules. According
to the results, 30 patients in group 1 did not exhibit density on CT, whereas 33 patients
did. 42 individuals had density on CT, compared to 21 patients who did not, according
to group 2 results (21).

In 61% (44/72) of small (3 cm) nodules in cirrhosis and in 73% (44/60) of small nodules
with a final diagnosis of HCC, data from perfusion US and helical CT revealed
coincidental arterial hyper-vascularity, meeting the EASL noninvasive criteria. This
indicates that guided biopsy is often necessary in this situation. This is especially true
for nodules that are 1 to 2 cm in size, where 44% of the criteria are met, making the
necessity for a biopsy measurable in over 50% of the nodules at initial observation. In
11 out of 23 of these instances, the biopsy revealed HCC (48%). Given that HCC was
discovered in a small number of additional cases over a brief (three to six months)
follow-up, this high prevalence may still be underestimated. Additionally, we know that
the careful study of the explanted liver is the gold standard for determining diagnostic
accuracy, and it may have shown foci of HCC in those nodules that were identified as
high grade dysplastic nodules. This gold standard, however, does not apply to the
current study, which aims to validate the European Association of Studies of Liver
Noninvasive Diagnostic Criteria in Current Clinical Practice, where high grade
dysplastic nodules were treated immediately and the majority of patients are not
candidates for transplantation (42).

In this study we assessed the natural course of several non-neoplastic macro-nodules
that were successively found by US in compensated cirrhotic individuals as part of an
HCC screening program. According to our data, a subgroup at high risk of HCC is
identified by macro-nodules in a cirrhotic context. Nodules on tiny biopsies that are
histologically identified as high-grade dysplastic and those linked to extra nodular LCC
are most likely to develop into HCC (43).

A study also showed that portal/late-phase hypo-enhancement for small HCCs and
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arterial phase iso-enhancement for regenerative nodules were important imaging
features that distinguished them from dysplastic nodules. The contrast enhanced
ultrasonography model, which was built utilizing improved levels, did not, however,
demonstrate a high degree of selective power for tiny HCC, dysplastic nodules, or
regenerative nodules. The reason is that, whereas the features employed in the contrast
enhanced ultrasound model were categorical variables and may not be sensitive enough
to detect subtle changes during hepato-carcinogenesis, degenerative nodules would
exhibit overlapping signs produced by transitional changes in the hepatic vessels during
hepato-carcinogenesis. The quantitative value of CAT was examined in order to remedy
this. Reduced portal perfusion in the liver parenchyma results from the arterialization of
tumors during the carcinogenesis process, which also alters the normal sinusoids and
portal system. As a result, CAT should vary depending on the kind of lesion. However,
aside from carcinogenesis, the liver parenchyma backdrop also had an impact on the
CAT result. According to a prior study, cirrhosis livers developed micro-bubbles earlier
than either chronic hepatitis livers or healthy controls. The distance between the nodule
and the liver hilum may also have an impact on CAT. Thus, we presented the CAT,
assessing the dynamic change between the lesion and its surrounding non-lesion
parenchyma, which might reduce the influence at the most of cirrhosis and distance on
CAT. Since both CAT and CAT are identified by the first frame of contrast arrival, liver
movement has little effect. Another benefit of CAT is its measurement reliability, in
contrast to some quantitative parameters obtained from time-intensity curve analysis,
such as time to peak and maximum intensity within the analysis regions of interest,
which are highly dependent on the consistence of the region of interest, location, and
size. In this study, the overall diagnostic performance, as measured by C, of CAT
reached 0.83 for distinguishing among RN, DN, and small HCC (44).

In contrast, no invasive shunt surgery or other surgical procedures had been performed
on any of the BSC patients who had regenerative nodules. These most likely had
portacaval shunts, which shielded the liver's blood supply. In a related study, after an
average of 80 months, only 15% of 45 children with extra-hepatic portal vein
obstruction who had porto-systemic shunt surgery developed liver nodules. The vascular

compensation idea in nodules that form in BCS is not supported by the current study's
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opposite outcome. In fact, it's unclear if invasive treatments like TIPS contribute to the
formation of these lesions. The capacity to differentiate these nodules from malignant
lesions and assess the risk of developing hepatocellular carcinoma is a crucial
component of the differentiation. Liver cirrhosis is linked to about 80% of HCC
incidences. More than half of HCC cases are known to be caused by viral hepatitis,
primarily hepatitis B and C. One study found that BCS patients had a 5-year cumulative
HCC incidence rate of 7% in their large-cohort analysis. Furthermore, a recent analysis
that examined 16 researchers found that the prevalence of HCC ranged widely from 2.0
to 46.2%. Countries differ in the incidence of HCC in chronic BCS, which makes for
0.7% of all HCC cases (Japan 6—41%, USA 25%, South Africa 48%). HCC rates of 6.4
and 11.3% were observed in two investigations of BCS patients with follow-up periods
of 5 and 15 years, respectively. However, some of the patients in those trials also had
chronic viral hepatitis or a concurrent diagnosis of BCS and HCC. This could support
the idea that HCC is a result of BCS rather than its cause, or it could spark conjecture
that viral hepatitis may induce HCC. Viral hepatitis did not affect any of the individuals
in this investigation. 9.1% of all BCS cases had an HCC incidence rate (3/33). In
patients with regenerating nodules, the occurrence rate was 13% (3/23), which was in
line with the rates found in the research cited above. %). Two studies of BCS patients
with follow-up periods of five and fifteen years, respectively, showed HCC rates of 6.4
and 11.3%. Nevertheless, several of the patients in those trials also had BCS and HCC
diagnosed at the same time, or they also had chronic viral hepatitis. This could lead to
speculation that viral hepatitis may cause HCC, or it could bolster the notion that BCS
causes HCC. None of the people involved in this study had viral hepatitis. The incidence
rate of HCC was 9.1% of all BCS cases (3/33). The occurrence rate in patients with
regenerating nodules was 13% (3/23), consistent with the rates reported in the

previously mentioned study (45).
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CONCLUSION

Tri-phasic computed tomography has good diagnostic accuracy for hepatocellular
carcinoma nodules as compared to cirrhosis nodules because hepatocellular carcinoma
nodules show hyper- enhancement on arterial phase while cirrhosis nodules did not
show hyper- enhancement on arterial phase. CT scan showed the sensitivity and
specificity for HCC nodules 90% and 20% respectively. While CT scan showed the
sensitivity 63% and specificity 90% for cirrhosis nodules.
Limitations:
There are some differences in the analysis and interpretation of the computed
tomography images by the different radiologist which may cause misdiagnosis of the
nodules. The data was only collected from 1 hospital. The sample size was limited
which can affect the reliability of the results.
Recommendations:
e Future studies should have a larger sample size.
e Future studies should conduct this study in different modalities like MRI and
PET.
e Radiologist should be provided with regular training sessions to interpret CT
images.

e Future studies should correlate the CT images with the laboratory findings.
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ENGLISH CONSENT FORM

The study you are about to participate is a randomized control trial survey titled as;

“Assessment of Diagnostic Accuracy of Tri-phasic Computed
Tomography in Differentiating Cirrhosis Nodules from
Hepatocellular Carcinoma Nodules”
The study has no potential harm to participants. All data collected from you will be coded in
order to protect your identity, and should not be disclosed to anyone. Following the study there
will be no way to connect your name with your data. Your answers to the questions will not
affect the quality of education given to you. Any additional information about the study results

will be provided to you at its conclusion, upon your request.

You are free to withdraw from the study at any time. You agree to participate, indicating that
you have read and understood the nature of the study, and that all your inquiries concerning the

activities have been answered to your satisfaction.

NAME SIGNATURE

DATE
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QUESTIONAIRE

Name:

Age:
Contact No.

1-How many numbers of nodules present in liver?
a) None
b) 1
c) 2-4
d) >4
2- If nodules present than how many No. of cirrhotic nodules present in liver?
a) 1cm
b) 2-4cm
c) >4cm
3- What is the size of cirrhotic nodules present in liver?
a) <2cm
b) 2cm
c) 3-5cm
d) >5cm
4- What is the Density on CT?
a) Iso-dense
b) Hypo-dense
c) Hyper-dense
5- What is the enhancement of nodules on CT?
a) Arterial phase
b) Portal venous phase
c) Delayed phase
6- How many no. of nodules present in liver?
a) 1cm
b) 2-4cm

c) >4cm
Xiv



7- What is the size of hepatocellular carcinoma nodules in liver?
a) <2cm
b) 2cm
c) 3-5cm
d) >5cm
8- What is the density on CT?
a) Iso-dense
b) Hypo-dense
c) Hyper-dense
9- What is the enhancement of nodules on CT?
a) Arterial phase
b) Portal venous Phase
c) Delayed phase
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