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Introduction

Hepatocellular carcinoma (HCC) accounted for around
746,000 deaths worldwide in 2012, which was the second
most common cancer related deaths of all cancers.
Worldwide, it is the fifth and ninth most common cancer
in male and female respectively.! Some underlying liver
disease is the cause for most of the cases of HCC. As there
is growing incidence of this disease, many researches has
been done for HCC and several clinical practice guidelines
have been proposed by several researchers for its treatment
and management. The prognosis of patients with HCC
after hepatic resection (HR) may be done by preoperative
multi-phase contrast-enhanced CT parameters.> Similarly,
prior to the hepatic resection, functional residual liver
volume and the future remnant liver (FRL) volume must
be evaluated. These pre-operative evaluations along with
other systemic and hepatic function test will provide a great
deal of information about the surgery which can reduce rate
of post-operative complications.® Different studies have
set a maximum resection window for hepatic resection. A
limit of 20 to 30% of total volume of the liver as FRL after
hepatic resection is mandatory for patients having normal
liver in order to avoid post-operative complications.
Patients having injured liver should have a FRL volume
of 30-40%.* Tang et al. suggested a threshold of 40%
and 50% FRL for safe liver resection.” There are various
three- dimensional reconstruction software available for
the surgeons to increase intraoperative vision by providing
detailed anatomical and pathological structures which
could be encountered intraoperatively. The IQQA®-Liver
provides a fast real time assessment of the liver, hepatic
lobes and segments, vascular structures of the liver and
hepatic lesions by using a Multiple Detector Computed
Tomography (MDCT) scan.

This study investigated the relationship between IQQA
and blood parameters with the prognosis among HCC
patients. It also analysed whether resected liver volume
and preoperative CT scan had correlation with the overall
survival and disease free survival.

Methods

Patients:

This study was approved by the ethical committee of
the 5th Affiliated Hospital of Sun-Yat Sen University,
Zhuhai, China. The diagnosis was made by evaluating the
radiographical images (CT/ Magnetic Resonance Imaging
(MRI) or both), abdominal ultrasonography and serum
concentration of a-fetoprotein (AFP) >400ng/ml.

The selection criteria were as follows:

i) patients who underwent HR with negative surgical
margin confirmed by histological examination, either
laparoscopically or open technique

ii) patient who completed a follow up of at least one year
after the surgery

iii) patients who had pre-operative CT scan done in our
hospital, and

iv) patients whose first diagnosis was HCC without
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extrahepatic metastasis.

Exclusion criteria were:

1) patients who underwent liver surgery for any other liver
disease or for HCC before

il) patients who were treated with locoregional approaches
like radiofrequency ablation(RFA) and TACE before HR
for HCC, and

iii) Unable to complete the HR because of more extensive
disease than predicted from pre-op CT scans.

All the operations were performed in the same department
by the same team of surgeons. Out of 249 patients, 65
patients were excluded as those patients had no pre-
operative CT scan or only had MRI. Twenty-one patients
were not operated because of advanced disease. The
remaining 132 patients underwent various kinds of HR
according to the location of the tumor. Furthermore, 43
patients were also not included in this study because the
patients underwent surgery more than once or patients had
metastasis to other organs. Lastly, 16 more patients were
excluded due to failure to follow up or other inclusion
criteria not being met. Finally, a total of 73 patients were
included in this study. A flowchart has been provided to
make the patient selection process more clear (Figure 1).

249 HCC patients between January 2010 to December 2016

65 patients excluded
® Mo pre-op CT scan in our hospital(n=53)
Only MRI avnilable (n=12)

h
184 HCC patients with pre-op CT sean available |

52 patients excluded
Mot operated because of advanced disease (n=21)
ol Other liver eries done or recurrence of HOC (n=13)
Treated with RFA and TACE (n=18)

A

132 patients with Hepatectomy done

43 paticnts excluded
Comorbid with other cancers (=16
" Death unrelated to HCC (n=6}
Extrahepatic metastasis to other organs (u=21)

4
80 patients with HCC

16 patients exchided
. Lost follow up (n=11)
Couldn't trace (n=6)

73 post-hepatectomy patients with HCC with follow up and pre-op CT of our hospital

Figure 1. Flowchart for patient inclusion and exclusion

Clinicopathological variables:

All data and pre-operative CT scan images used in this
study were extracted from the electronic record section
and all the database of the department of radiology CT
imaging centre respectively. Patients’ clinical, lab findings,
radiological, operative, pathological, follow up and survival
data were analyzed retrospectively. Pre-operative, 1st day
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post-operative, 4-6 weeks post-operative and 1-3 years
post-operative values for various laboratory parameters
namely white blood cell (WBC) count, Neutrophil (N)
count, lymphocyte (L) count, platelet (PLT) count, alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
total bilirubin (TBil), direct bilirubin (DBil), gamma-
glutamyl transpeptidase (GGT), total protein (TP), albumin,
prothrombin time and international normalized ratio (INR),
hepatitis B/C, AFP, serum urea (urea), serum creatinine
(Cr) were noted. Apart from these lab parameters, patient
characteristics such as age, sex, blood group, presence of
other diseases, hospital stay, duration of operation, and size
of tumor resected were also collected and analyzed. Three-
dimensional reconstruction software IQQA®-Liver (EDDA
Technology, Inc. NJ, USA) was used to evaluate the pre-
op CT scan to determine the volume of primary tumor.
IQQA®-Liver was used to make a 3D comprehensive, real
time image of individual patient’s liver anatomy. CT scan
was done after injecting a contrast medium in three phases
(arterial phase, portal venous phase, and delayed phase) or
four phase contrasts enhanced (pre-contrast, arterial phase,
portal venous phase, and delayed phase.). The radiological
diagnosis and tumor margin for HCC in CT scan were done
by consulting a radiologist and using CT scan report for
each individual patient before making a three-dimensional
image by IQQA®-Liver software. Presence or absence of
lymph node metastasis was discovered from the operative
findings record. Vascular invasion (macrovascular or
microvascular) was said to be present if it was obvious
in pre-operative cross sectional imaging or found to be
positive in microscopic lab report respectively. The pre-
operative APRI (aspartate aminotransferase to platelet
count ratio index) and pre-operative NLR (Neutrophil-
Lymphocyte ratio) were determined.

NLR = Neutrophil count / Lymphocyte count

APRI = [{AST(IU/L) / upper limit normal(40)} /
PLT(x109/L)] x 100

CT imaging protocol:

All the CT scans were performed within two weeks prior
to resection with a 16-section (Siemens) or a 64 section
(Somatom definition flash, Siemens, Germany) depending
on the year CT scanning was done. The scans were done
from the upper level of the diaphragm to the lower abdomen

craniocaudally. lopamidol (300mg of iodine/ml, lopamidol,
Schering, Germany), a non-ionic contrast media, at 1.5ml/
Kg was injected through an 18 or 20-gauge venous cannula
placed in a peripheral vein using a pressure syringe pump
at the rate of 2.5ml/s followed by a saline flush. The scan
parameters used were as follows: effective current, 195Ma;
detector configuration, 64*0.6mm; rotation time, 0.5s; field
of view, 300-450mm; reconstruction interval, Imm; tube
potential, 100kVp; matrix size, 512*512. A slice thickness
of 2mm was used to reconstruct the Coronal and sagittal
images. To evaluate the liver morphology and vascular
anatomy, the scans were obtained at fixed delays (arterial
phase 30 seconds, venous phase 50 seconds and delay 180
seconds) after the injection of the contrast agent.

Using IQQA®-Liver:

EDDA technology introduced IQQA®-Liver Suite at
the 96™ Scientific Assembly and Annual Meeting of
the Radiological Society of North America (RSNA). It
combines modern imaging techniques to help the surgeons
in diagnosis, treatment planning, intra-operative guidance
and post-operative assessment of the patient.

Multiphasic images of CT scan were used to create 3D
segmentation of the liver as well as the tumor. The tumor
lesion had to be marked in any of the three/four phases of
the CT scan. The contours of the tumor were then outlined
in intermediate slices without missing the first and the last
slice. The boundaries of liver were marked automatically
by the software, but manual correction had to be done on
some axial image of the liver boundaries. Large vessels,
gall bladder fossa, inferior venacava, and fissures were
excluded from the boundary of the liver to give an actual
size of the liver. Then the software constructed the 3D
image of the liver and the tumor. Hepatic vein, portal vein,
and hepatic artery were also marked separately to create
an individual 3D image of each blood vessel. The liver
was then separated into eight Couinaud segments semi
automatically by the software. Consequently, a single 3D
image was obtained by combining all these factors to give
a detailed overview of the tumor location with respect to
the liver segments and the vascularity. Finally, a diagnostic
report was prepared which calculated the liver volume,

Figure 2. Transverse contrast enhanced CT images of the abdomen.

A: Arterial phase CT image showing HCC (circled in red) in reference to the
liver boundary in IQQA-CT software at section VI of liver.

B: Delayed phase CT image. The portion outlined in red is automatically done
by IQQA-CT software to be the liver which had to be manually removed.
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C: Axial plane of the abdomen in relation to the tumor as outlined by IAAQ-CT
software

D: Coronal plane of the abdomen showing HCC in comparison to other
structures (in yellow).
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lesion volume in conjunction with a detailed report of the
3D constructed image (Figure 2).

Surgical Procedure:

Patients were selected for this study if they had undergone
surgery for HCC. All the surgeries were done by the same
team of surgeons. Surgery was based on the location, size
and number of tumors, remaining post-operative liver
volume and the general status of the patient. The open
versus laparoscopic resection was decided by the surgeon’s
preference, the location of the tumor and previous history
of surgery. Surgical procedure was based on Couinaud
classification of liver segments which included minor
hepatectomy (1-2 segments), major hepatectomy (>3
segments) or wedge resection. Whether to perform
cholecystectomy and splenectomy was decided according
to the location of the tumor and prior history of other
underlying pathologies respectively.

Patient follow up:

Initial patient follow up were done according to the
protocol of our hospital for HCC. Patients were advised to
follow up for three consecutive months post operatively,
and then re-examined every 3-6 months subsequently. The
duration of the follow up was calculated from the date
of operation to the last day of study or the death of the
patient. The last day of the follow up to this study was
29th December 2017. During the first follow-up at one
month, the level of serum a-fetoprotein and liver function
test were measured and similarly, given that patients did
not have any complications, they underwent enhanced
CT scan of the chest and abdomen at three month follow-
up time point. If any significant findings were detected,
further investigations were done to confirm the recurrence
or metastasis of the tumor. The follow up patient data
were collected from the inpatient and outpatient records,
as well as the records of CT scan. Some patients who did
not show up for follow up were contacted and enquired
through phone calls. The duration from the day of liver
resection to the time of HCC related death or the last
follow-up point for our study was defined as the Overall
survival (OS).On the other hand, the Disease free survival
(DFS) was measured as the duration between resection of
the liver to the point when radiological evidences of tumor
recurrence or metastasis were detected.

Recurrence treatment:

The same evaluation criteria, which was used for the
first resection, was used to evaluate the patients with
intrahepatic recurrence. These patients underwent either
secondary hepatectomy or other locoregional approaches
like RFA and TACE or given sorafenib therapy depending
on the overall condition of the patient. Patients with
extrahepatic recurrence or distant metastasis were judged
according to the sites involved and further decisions
were taken. Patients with a likelihood of getting a liver
transplant were advised for further consultation in other
centers.
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Statistical analysis:

All the statistical analyses were performed using IBM SPSS
statistics version 20 (IBM, NY, USA), and all the data were
transferred to SPSS from Microsoft Excel (Microsoft Office
2016). The categorical data were calculated as the number
and percentage of observations. The Cox proportional
hazard models were used for univariate and multivariate
analysis to predict the relationship between DFS and OS
with the other study variables. Statistically significant
study variables in the univariate analysis were used for the
multivariate Cox proportional analysis.

Kaplan-Meier method was used to generate hazard ratio
and 95% confidence interval to find a cut-off value between
IQQA% and DFS and OS. The patients were categorised
into two groups based on this probability values for DFS and
OS. Survival curves for DFS and OS were also estimated
using Kaplan-Meier method in significant (p<0.05) study
variables in multivariate analysis. Characteristics of
different study variables were divided into two groups and
expressed as mean (range). Group differences between
categorical data were analyzed using either y2 test or
Fisher exact test (2-tailed) where appropriate. Continuous
data between groups was analyzed by student’s t-test (sig.
2 tailed) for Equality of means with equal variances not
assumed.

Survival curves were estimated using GraphPad Prism
version 6 (GraphPad Software, Inc California) in various
IQQA% groups and the intergroup difference was evaluated
using log-rank test for significance in DFS and OS. All
the probability values in the calculation were 2 sided, and
p<0.05 were considered to have a statistically significant.

Results

Clinical and Tumor Characteristics of HCC

Table 1 summarizes the baseline characteristics of patients
enrolled in this study. Of the total participants, 67(91.8%)
were male and 6(8.2%) were female with mean age of
52.85£11.51 years (range=29-76years, median=53 years).
Comparatively higher proportions of the patients were in
the 51-60 years age group (28.8%), while only five (6.8%)
were older than 70 years. Similarly, 27 patients (37%) had
blood group A+ followed by 35.6% (26 patients) with
O+ blood group. 53.4% of patients (39 in number) had a
history of hepatitis B for more than 10 years, although there
were 83.6% of hepatitis B patient in total. At the time of
diagnosis, 49.3% (36 patients) had prior liver cirrhosis. Even
though minor (1-2segments) hepatectomy was done for 61
patients (83.6%) compared to that of major (=3segments)
hepatectomy done for 12 patients, laparoscopic surgery
could only be performed on 16 patients (21.9%) while the
remaining 57 patients (78.1%) had open surgery. HCC
was mostly located on the right side of the liver (76.7%)
compared to that of left side (16.4%) and both the right and
the left sides (6.9%).
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Table 1. Demographics and characteristics of all
patients (n=73)

Sex Male 67 91.8
Female 6 8.2
Age (years) <40 13 17.8
41-50 18 24.7
51-60 21 28.8
61-70 16 21.9
>70 5 6.8
Blood group O+ 26 35.6
A+ 27 37.0
B+ 15 20.6
AB+ 5 6.8
Hepatitis B Positive (>10 years) 39 534
Positive (<10 years) 22 30.2
Negative 12 16.4
Cirrhosis Positive 36 493
Negative 37 50.7
Hepatectomy Minor (1-2 seg- 61 83.6
ments)
Major (>3 segments 12 16.4
Surgery Open 57 78.1
Laparoscopic 16 21.9
Tumor location  Right side 56 76.7
Left side 12 16.4
Both right and left 5 6.9

Twenty-eight patients were alive and 45 patients were
deceased by the end of the study period. The average OS
time was 31.16£18.71 months (range=3-90.7 months).
There were 38 cases of recurrence and 35 patients had no
recurrence during the study phase. The average DFS time
was 24.87£19.47 months (range=1-90 months).

Prognostic factors associated with DFS and OS in HCC
Various baseline and clinicopathological factors were
investigated to find the relation with recurrence of HCC
in patients after curative hepatectomy. For the univariate
and multivariate analysis, parameters including patients
age (=60years or <60years), blood group (“O” or Non
“0”), and levels of total bilirubin (>20.4 or <20.4umol/L),
Albumin (>40 or <40g/L), ALT (=40 or <40U/L), GGT
(>45 or <45U/L), PT (>13 or <I3seconds), Neutrophil-
Lymphocyte ratio(NLR) (>2.7 or <2.7), APRI (>1.68 or
<1.68), AFP (>400 or <4000ng/ml), CA 19-9 (>27 or 27U/
ml) were divided into two subgroups depending upon the
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Kaplan Meier analysis for DFS and OS at different CT-
IQQA% (Table 4). All the reference values used in this
study were pre-operative laboratory values. Presence or
absence of lymph node metastasis, vascular invasion,
cirrhosis and hepatitis B (positive or negative) were also
divided into subgroups.

Univariate analysis showed CT-IQQA%, lymph node
metastasis, vascular invasion, liver cirrhosis, resected
segment (<3 or >3), total bilirubin, serum albumin, NLR
and CA 19-9 to be the factors associated with recurrence.
Though, in multivariate analysis, only CT-IQQA%,
lymph node metastasis, vascular invasion, serum albumin
and CA 19-9 showed association with the recurrence rates
(Table 2).

Similarly, different prognostic factors were investigated
to find the relation with cancer related survival following
curative hepatectomy. Univariate analysis showed CT-
IQQA%, lymph node metastasis, Child Pugh score,
resected segment (<3 or >3), total bilirubin, AFP and CA
19-9 to be significant factors associated with survival.
Multivariate analysis of those factors showed only CT-
1QQA%, lymph node metastasis, Child Pugh score, CA
19-9 and AFP to be statistically significant to survival
(Table 3).

Cut-off value for CT-IQQA% to predict DFS and OS
in HCC

Kaplan Meier analysis was used to find significance
between DFS and OS with different levels of CT-IQQA%
to predict a common cut-off value. Kaplan Meier showed
statistically significant value (p<0.05) for both DFS
and OS, and CT-IQQA% in 20%, 25% and 30% of
CT-IQQA% but at 35% CT-IQQA%, the DFS was not
significant (p=0.4229) even though OS had a significant
p value. In accordance with this finding, two groups were
divided based on CT-IQQA% as CT-IQQA>30% and CT-
IQQA<30%.(Table 4)

Baseline comparison between two CT-IQQA% groups
The two groups divided were IQQA<30% and
IQQA>30%. Group 1 (IQQA<30%) with 60 patients with
mean age of 51.7years (range=32-73years) was compared
with that of group 2 (IQQA>30%) with 13 patients with
mean age of 58.15 years (range=29-76). There was
statistically significant difference between two groups
for different characteristic variables. Resected segment
(<3 or >3), lymph node metastasis, presence/absence of
cirrhosis, intraoperative blood loss and hospital stay were
statistically significant (p<0.05). Hospital stay in group
2 was higher on an average of 26.68 days (range=16-
40days) compared to group 1 with an average of 21.61
days (range=10-35) (Table 5).
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Table 2. Univariate and multivariate analysis of prognostic factors associated with disease free survival(DFS) of

patients in HCC. ( *= p<0.05)

Age

>60years vs <60years

CT-IQQA (%)

Vascular Invasion

Present vs Absent

Cirrhosis 0.048%*

Positive vs Negative

Child Pugh 0.183

A,B,C

T. Bilirubin(Pre-op) 0.040%*

>20.4pumol/L vs <20.4umol/L

ALT(Pre-op) 0.500

>40U/L vs <40U/L

2.005(1.005-4.000)

1.427(0.845-2.408)

2.019(1.033-3.945)

1.262(0.642-2.481)

0.000* 1.044(1.023-1.066)

0.016* 2.339(1.174-4.659)

0.043* 1.041(1.001-1.083)

0.028* 2.318(1.095-4.909)

0.522

1.298(0.584-2.882)

0.431 0.701(0.290-1.695)

0.401

PT(Pre-op)
>13seconds vs <13seconds

APRI (Pre-op) 0.924

>1.68 vs <1.68

1.342(0.676-2.664)

1.052(0.370-2.993)

CA 19-9(Pre-op) 0.004* 2.693(1.367-5.303) 0.013* 3.761(1.320-10.715)
>27U/ml vs <27U/ml
Discussion for both the prognosis and survival. BCLC® uses 2 and 3cm

The gold standard treatment of HCC is hepatic resection,
which is influenced by various factors. Among them, the
size of the tumor is one of the main factors that helps to
predict the possible outcome pre-operatively. Several
investigative studies and aforementioned staging systems
have suggested the size of the tumor as a defining variable

cut-off value to define different stages, HKLC’ uses 5cm,
CLIP® and Okuda’® staging uses <50% or >50% of tumor
volume while CUPI' and JIS'" uses the TNM staging for
classification. Few academic papers have taken Scm as the
cut-off value'>!* while others have taken 10cm as the cut-
off value.'"*'> They concluded that patients having tumor
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less than that of their respective cut off value had better
survival and recurrence. Li et al'® suggested that the HCC
patients with total liver volume of <73.5cm? have a good
prognosis after liver resection. However, this study failed
to mention the fact that the liver sizes varies with patients.
Hence, rather than setting a fixed value, finding the overall
percentage of tumor volume would be more precise. In
this study, a three-dimensional model is used for liver
reconstruction using IQQA software using pre-operative

CT scan. Several studies supports the idea of using a 3D
reconstruction software for the proper planning and better
outcomes of the surgery.'”!® Furthermore, multivariate
analysis in this study showed statistical significance
between DFS and OS and CT-IQQA.

This research has male predominance in the study cohort
with age range of 29-76 years at the time of presentation
(Table 1). However, neither male gender nor older age

Table 3. Univariate and multivariate analysis of prognostic factors associated with overall survival(OS) of patients

in HCC. (*= p<0.05)

Age

>60years vs <60years

CT-IQQA (%) 0.000* 1.072(1.045-1.100) 0.006* 1.061(1.017-1.106)

Vascular Invasion 0.784

Present vs Absent

0.158

Cirrhosis

Positive vs Negtive

Child Pugh
A,B,C

0.000*

T. Bilirubin(Pre-op)
>20.4pumol/L vs <20.4umol/L

0.026*

1.111(0.524-2.357)

1.781(0.799-3.971)

3.213(1.759-5.868)

2.348(1.109-4.973)

0.001* 6.691(2.201-20.337)

0.409 0.636(0.218-1.860)

ALT(Pre-op)
>40U/L vs <40U/L

0.908

PT(Pre-op)
>13seconds vs <I13seconds

0.831

APRI (Pre-op)
>1.68 vs <1.68

0.355

CA 19-9(Pre-op)
>27U/ml vs <27U/ml

0.002%*

1.047(0.478-2.296)

1.095(0.477-2.515)

0.504(0.118-2.156)

3.309(1.556-7.037)

0.014* 2.894(1.235-6.777)
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Table 4. Kaplan Meier analysis for DFS and OS at different CT-IQQA %

<0.001 0.287(0.071-0.399) <0.001 0.228(0.041-0.281)

0.0013 0.334(0.075-0.524) <0.001 0.170(0.008-0.097)

Table 5. Patient characteristics between two IQQA groups

Age, years Mean(Range) 51.7(32-73) 58.15(29-76) 52.85(29-76) 0.152

Resected Segment, n (%) <0.001*
<3 56(93.3) 5(38.5.9) 61(83.6)

>3 4(6.7) 8(61.5) 12(16.4)

Child Pugh class
54(90) 0 54(74)
4(6.7) 9(69.2) 13(17.8)
2(3.3) 4(30.8) 6(8.2)

HBsAg, n (%)
Present 50(83.3) 11(84.6) 61(83.6)
Absent 10(16.7) 2(15.4) 12(16.4)

Blood loss, ml Mean(Range) 612.5(50-2000) 1261.54(600-3000) 728.08(50-3000)  0.005*

DEFS rate (%)
1-year

3-year
S-year

Journal of Society of Surgeons of Nepal WWW.jSsSn.org.np
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affected DFS and OS in this study, which is in accordance
to other relevant scholarly analyses.'” Also, between the
two IQQA groups, no association in age and gender was
observed (Table 5).

Child Pugh classification is an important prognostic factor
for patients with HCC.%!! In this study, most of the HCC
patients have Child Pugh class A, who underwent curative
HR. Previous studies have indicated that CTP class A or
B are considered safe for elective surgery with favourable
outcomes compared to CTP class C and emergency
surgery which have a high mortality rate.”® Some medical
professionals have indicated that, if the patient does not
have uncontrollable ascites, jaundice or encephalopathy,
CTP class C HCC patients can be operated without any
significant difference in DFS or OS compared to CTP class
A or B.*!' This finding is consistent with our results. CTP
class is found to be an independent prognostic factor for
overall survival, although it does not have any association
with DFS in our study.

According to The Liver Cancer Study Group of Japan;
large tumor size, intrahepatic metastasis, multiple tumours,
poor histological grade and gross vascular invasion are
suggestive of microvascularinvasion, which is often difficult
to find.?> Though, macrovascular invasion can be easily
diagnosed using routine cross-sectional imaging. Park et
al concluded microvascular invasion with or without gross
microvascular invasion did not have significant difference
in terms of DFS and OS.>> However, our results showed
vascular invasion as an independent prognostic factor for
DFS, while it had no significant relation with OS. There
is a high rate of intrahepatic tumor recurrence following
hepatic resection, due to the dissemination through the
intrahepatic circulation and this is inversely proportional
to the DFS.?

AFP level as a prognostic factor following hepatic resection
has yielded conflicting results. While some previous studies
found DFS and OS to be dependent on the levels of AFP
after hepatic resection,? others have reported contradicting
results.?® Our study also failed to establish AFP level as a
prognostic factor. Although AFP is used for both diagnosis
as well as prognosis of HCC, CA 19-9 is increasingly being
used to monitor the prognosis of HCC. Studies have shown
that preoperative CA 19-9 >27U/mL has a poor prognosis
for HCC after hepatic resection.?” Our results indicated that
CA 19-9 >27U/mL does not have a significant correlation
with both DFS and OS, it was rather significantly inverse.

Lymph node is the most common site for metastasis of
HCC, which is one of the major determinants of overall
survival in such patients.” Hasegawa et al*’ found that
HCC patients with histologically positive lymph node
had a similar outcome with advanced HCC stage, which
corresponded to JIS and UICC/AJCC staging. Hepatic
resection with lymphadenectomy is the treatment modality
of choice in case of lymph node metastasis. The subsequent
histopathological analysis of the resected LN can help to
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determine the staging accurately. These results are consistent
with this study as well which shows lymph node metastasis
is a negative prognostic factor for DFS and OS (Figure 3).

Tao et al*® reported that the prognosis of Chinese HCC
patients was associated with ABO blood group. It showed
that patients with non-O blood group had reduced OS
compared to that of O blood group patients. In this paper,
we compared DFS and OS between non-O and O blood
groups but there was no significant difference found.

Chronic viral hepatitis is the most common predisposing
factor for HCC worldwide. Around 50% of the cases of
HCC in Europe and America are caused by hepatitis C,
while hepatitis B is the major factor in Asia and China.?!
Several studies have been performed to predict the prognosis
of HCC on the basis of viral etiology and cirrhosis, and,
however, they have yielded conflicting results. Some studies
have shown these as an independent factors to predict the
survival,?? whereas others did not find any correlation with
the prognosis.* Viral hepatitis HCC patients present with
more advanced cirrhosis even though the survival was
similar to non-viral hepatitis HCC patients.”” Although
cirrhosis was a significant factor for DFS in the univariate
analysis, the multivariate showed no correlation. Hepatitis
B positive also had no influence on DFS and OS in this
study. No significant difference was found between the two
groups for hepatitis B infection.

Various liver enzymes are used to assess the liver status and
to predict the outcome of any liver diseases. Serum ALT
and AST are released into the blood when the hepatocytes
are damaged which is measured to detect liver disease. In
line with other research,* this study also didn’t find any
association between ALT and DFS and OS. Serum total
bilirubin increases when there is a liver injury and as a
result, bilirubin enters the blood causing bilirubinaemia. Li
et al found that preoperative serum bilirubin >20.4umol/L
has a negative influence on the postoperative outcome.*
Although total bilirubin value of >20.4umol/L was found to
be correlated with both DFS and OS in univariate analysis, it
was found to be not significant in multivariate analysis after
adjusting for all variables in multivariate analysis. GGT is
a liver enzyme which increases in pancreatic diseases, renal
failure, and myocardial infarction apart from hepatobiliary
disease and has shown its association with different cancers
as well.***7 GGT showed no association with DFS and OS
in this study although previous analyses show that GGT is
a better predictor of liver specific disease than ALT.”” The
recurrence of HCC is more common in patients with liver
fibrosis, which is responsible for causing hypoalbuminemia.
Hypoalbuminemia is assumed to be a favourable factor for
the recurrence of HCC, which means low recurrence rate
in patients with high serum albumin levels.*® Another study
has shown that patient with high albumin level decreases
the likelihood of distant recurrence as well.* In this study,
high albumin levels were associated with good disease free
survival; however it didn’t have any effect on the overall
survival of patients with HCC.
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NLR is believed to be an inflammation marker and
high NLR value results in weaker antitumor immunity.
Alternatively, it also shows a balance between patients
immunity and inflammation, and is found to be associated
with OS.** APRI is found to be an indicator and biomarker
for prognosis of HCC after RFA and hepatic resection,
which is reported to be predictor of DFS and OS.*' This
study demonstrated that there was no correlation between
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According to the size and CT-IQQA% of the tumor, two
groups were divided as IQQA<30% and IQQA>30%.
Resected segments, lymph node metastasis, presence of
cirrhosis, blood loss and hospital stay were statistically
significant between these two groups. It is obvious for
resected segments, blood loss and hospital stay to be
significant as these variables will be less in group 1 owing to
less IQQA%. Duration of the operation was not statistically
related between the two groups.

Survival proportions: Survival of dfs30
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Figure 4. Graph Pad survival plots of subgroups of
patients divided by IQQA-CT% @30% A) DFS and
B) OS

The one, three and five-year overall survival rates were
94.4%, 53.3% and 19.4% respectively. Similarly, the
one, three and five-year disease free survival rates were
75%, 31.3% and 12.8% respectively. One-year DFS rate
between two groups was significant and one and three-year
OS between the groups were also found to be statistically
significant in this study (Figure 4). This finding has better
OS and DFS rate than any other study* probably because
the study was done in 2012 and in a different country. The
findings in this study support other studies for DFS and
OS one and three-year rate.'>* The five-year survival rate
is not similar may be because of less number of patients
in this study. Previous papers have shown IQQA software
could be used with patients with giant HCC for a better
prognostic outcome as well.*® FRL>40% is said to have a
satisfactory postoperative outcome after HCC resection.”’
This study, the resected volume of liver was set at 30%
which had contrasting results between different variables.

3D reconstruction technique helps a surgeon to get accurate

anatomic information of liver and its surrounding lesions,
tissues and blood vessel. Although this is superior to a 2D
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imaging, the reconstruction is used using a 2D CT scan
data. Since IQQA software provides a detailed view of
the structures in 3D in every angle a surgeon wants, it
can be a highly efficient method to prevent or minimize
intraoperative accidents like biliary and vascular injuries.
It can be useful for preoperative planning of the surgery
and counselling the patients. This study combines the
use of three dimensional technique with various lab
parameters and general characteristics of the patient.

This is a retrospective study, and therefore, there are
several limitations. All patients in the cohort are Chinese,
which might have resulted in selection bias. Moreover,
most of them were suffering from HBV infection and
had cirrhosis. The subgroup was divided according to
the percentage of IQQA, which also requires external
validation and the patient in one of the subgroup was less
in number compared to the other. The sample is relatively
small that might not be overall representation of general
population. Nevertheless, this study can be done in a larger
scale to validate the findings and make 3D reconstruction
technique a mandatory routine pre-operative test for
patients undergoing hepatic resection.

Conclusion

Several variables like vascular invasion, pre-operative
level of serum albumin, pre-operative CA 19-9 and alpha-
fetoprotein determine the prognosis of HCC. Likewise,
lymph node metastasis and CT-IQQA% have shown
to be an important prognostic factor for both DFS and
OS in HCC patients. IQQA software helps to create a
3D image of the liver as well as give information about
tumor volume, which could be integrated with other lab
parameters. This could be used for patient counselling
regarding overall survival and disease-free survival.
It assists surgeon in planning the surgical techniques
and options preoperatively as well as intraoperatively.
Therefore, Three-dimensional technique (CT-IQQA)
and lab parameters should be combined together to have
a better understanding of the disease preoperatively,
intraoperatively and postoperatively. We suggest CT-
IQQA to be used as a routine investigation prior to the
hepatic resection in HCC.
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