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Abstract: Situs inversus totalis (SIT) is a rare congenital condition in which abdominal and thoracic organs are transposed from
normal positions. Two-stage hepatectomy (TSH) combined with translational therapy for hepatocellular carcinoma (HCC) with SIT
has been rarely reported. We report a 41-year-old man with giant hepatocellular carcinoma (71 mm x 55 mm x 51 mm) whose future
residual liver (FLR) and standard liver volume (SLV) ratio at first diagnosis was 37.4%. Preoperative volume assessment of portal vein
ligation (PVL) revealed inadequate hypertrophy of FLR. After a multidisciplinary group discussion (MDT), the patient decided to
follow conversion therapy. Three months later, ratio of the FLR/SLV increased from 37.4% to 71% after operation, which met the
surgical requirements. Second hepatectomy, right lobectomy was successful. There was no recurrence after six months of follow-up. In
our case, conversion therapy appears to be effective in maintaining residual liver hyperplasia, reducing tumor load, and preventing
tumor progression in patients with large HCC during TSH.

Keywords: situs inversus totalis, two-stage hepatectomy, hepatocellular carcinoma, future residual liver, multidisciplinary group
discussion

Background

Hepatocellular carcinoma (HCC) is the most common pathological type of primary liver cancer (PLC), accounting for
more than 85-90% of PLC, and PLC is the sixth most commonly diagnosed cancer and the third leading cause of cancer
death worldwide in 2020, with approximately 906,000 new cases and 830,000 deaths."? Also, HCC diagnosed in China
comprise between one-third and one-half of the global incidence burden, the number of new liver cancer cases and cancer
deaths in China was 389 thousands and 336 thousands, respectively.>> According to the epidemiological survey,
Guangxi has a high incidence of HCC in China.®’ Hepatocarcinogenesis is significantly related to hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection,® '* high exposure to aflatoxin B1 (AFB1) exposure,'> '® drinking water
pollution, and other high-risk factors.'® The incidence of HCC with rising numbers in Europe, USA and Japan.?® Current
treatment strategies for HCC mainly include surgical resection, liver transplantation, radiofrequency ablation (RFA) or
percutaneous ethanol injection (PEI), developing locoregional treatment techniques, transcatheter arterial chemoembo-
lization (TACE), systemic treatments, two or more of them combined therapy.”'* Moreover, surgical resection is the
preferred treatment for HCC. Although, for unresectable liver cancer, such as massive liver cancer, surgical treatment has
a great impact on the prognosis and quality of life of patients.”® In the past, extensive liver resection with a marginal
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future residual liver (FLR) has been addressed by two-stage hepatectomy. Among them, TSH is feasible for patients
whose tumor range is not half of the liver but close to the middle hepatic vein, or if the tumor is large and extends to half
of the liver, or the ratio of the FLR/SLV is insufficient after hepatectomy. Portal vein occlusion with surgical ligation or
radiological embolization is performed in the first stage to induce hypertrophy of FLR. The redistribution of portal blood
flow constitutes a stimulating factor for remnant liver hypertrophy.>* The concomitant administration of conversion
therapy may convert unresectable tumors into resectable ones, which includes the conversion of surgically unresectable
lesions, such as insufficient volume of FLR, to resectable lesions, and it supports the conversion of R1 and R2 resection
to RO resection.”” ?® In a study launched in October 2016, the combination of camrelizumab and apatinib showed
promising antitumor activity and an acceptable safety profile in advanced HCC. According to the results of this study,
combination of camrelizumab and apatinib achieved potent efficacy in terms of objective response rate (ORR), duration
of response (DoR) and overall survival (OS) in advanced HCC both in the first-line and second-line settings. The safety
was manageable. This study shows that this combined strategy would be suitable as a new choice for first- or second-line
treatment in this patient group.”*=°

Situs inversus totalis (SIT), also known as “mirror person”, manifested as complete inversion of the thoracic and
abdominal organs, that is the heart, lung, stomach, liver, spleen and other organs are completely opposite to the normal
position, is a rare congenital anatomical variation.*' The incidence ranges between 1:1000 and 1:10,000, depending on
the population surveyed.>® At present, the surgical treatment of patients with hepatocellular carcinoma with normal
anatomy has been relatively mature. However, due to the rarity of total visceral inversion and hepatocellular carcinoma,
the anatomical structure is different from ordinary people, and the operation is difficult. Therefore, we should change the
thinking mode of routine operation and overcome the operation habit of general operation, explore the relationship
between total visceral transposition and hepatocellular carcinoma, which would improve the understanding of the
diagnosis and treatment of the disease. The clinical data of a patient with SIT combined with huge hepatocellular
carcinoma in our hospital, combined with literature review, are reported as follows.

Case Presentation

Our study was approved by the ethics committee of The First Affiliated Hospital of Guangxi Medical University, the
approval number is speedy trial 2021 (014). Written informed consent was obtained from all patients for the procedures in
this study. A 41-year-old man found a “liver space-occupying lesion” two weeks ago by health examination in their local
hospital, and admitted to our hospital on May 2021 due to “left upper abdominal pain for one day”, with constantly left-upper
-quadrant dull aching pain, each session keep on half a minute, with no aggravating or relieving factors, and the pain could
radiate to the left shoulder, with no significant past medical or surgical history, and the patient has had a history of hepatitis
B for several years. The abdomen was soft and nontender. The liver was not palpated under the left costal margin. Chest
contrast-enhanced computed tomography showed that SIT (Figure 1A and B). The upper-abdominal enhanced computed
tomography (CT) scan revealed one high-density areas (71 mm X 55 mm X 56 mm) in segment VII and VIII of the liver
(Figure 2A-D), and magnetic resonance imaging presented a distinct liver tumor with about 7 cm in diameter in segment VII
and VIII of liver (Figure 3A and B). The contrast-enhanced ultrasound (CEUS) showed a focal liver lesion was identified in
segment VII and VIII of liver. The lesion was classified as LI-RADS 5 lesion category according to The Liver Reporting and
Data System (LI-RADS), which was likely and almost definitively HCC.*® Laboratory tests suggested that serum aspartate
aminotransferase (51U/L), serum alkaline phosphatase (85 U/L), and alanine aminotransferase, serum bilirubin, and total
protein were all within normal limits. The results of hepatitis B surface antigen (HBsAg), Hepatitis B ¢ antibody (HBeAb),
and hepatitis B core antibody (HBcAb) were 184.08 IU/mL, 4.4 PEIu/mL, 12.6 PEIu/mL, respectively, and hepatitis C core
antibody (HCV-Ab) was negative, with a Child Pugh score A (5 points). The indocyanine green retention rate at 15 min
(ICG-R15) was 3%. The levels of tumor markers such as des-y-carboxy prothrombin (DCP) increased to 3399.97 mAU/mL,
and alpha-fetoprotein (AFP) was fair. The indication for hepatectomy and the procedure options were based on the tumor
location, remnant liver volume, and the hepatic functional reserve assessed by the Model for End-Stage Liver Disease
(MELD) score, the indocyanine green retention rate at 15 min, and Child Pugh classification. Consensus on the treatment was
reached by a panel of experts from the multidisciplinary team discussion (MDT) including Hepatology, Oncology,
Department of Ultrasound, Radiology department, Radiotherapy, Infectious disease. There was no evidence of extrahepatic
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Figure | The coronal (A) and axial (B) view of chest contrast-enhanced computed tomography showing dextrocardia and SIT.

Figure 2 Computed tomography (CT) scans before stage | surgery. A giant mass (red arrow) measuring 7.1 x 5.5 x 5.6 cm in liver segments 8 was showed on CT scans. (A)
plain scan; (B) arterial phase; (C) portal venous phase; (D) venous phase.

metastases in a CT scan, so the patient was staged as BCLC-B and CNLC-IIb respectively, according to the staging system of
the Barcelona Clinic Liver Cancer (BCLC) and China Liver Cancer (CNLC). The FLR/SLV was 37.4%, radical resection
was unattainable due to the bulky tumor, hepatectomy of large tumor load may result in postoperative liver failure and
associated complications.>* According to the results of intraoperative ICG, we reassess whether to perform primary radical
operation or laparoscopic portal vein branch ligation and conversion therapy.

Stage | Surgery

These clear images were used to reevaluate the location, size, number of tumor, and the position of adjacent blood vessel,
especially the anatomical positional relationship of the right, middle, and left hepatic veins. The gallbladder was removed
and separation of right branch of portal vein. The result of intraoperative ICG-R15 test after blocking the right branch of
portal vein with portal vein clamp was 23.6%. After full communication with the patient’s family, it was decided to
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Figure 3 Magnetic resonance imaging showing a mass (red arrow) measuring 7.6 x 5.8 x 6.5 cm in segment VIl and VIII of liver, (A) T-weighted image; (B) T2-weighted
image.

Figure 4 Intraoperative photographs during stage | surgery. (A) Selective isolation and ligation of the right portal vein (white arrow); (B) Ischemic line (white arrow) of the
right liver.

perform laparoscopic ligation of the right branch of the portal vein (Figure 4A and B). Patient was confirmed without bile
leakage before closing the abdomen.>® After 18 days of PVL, molecular targeted therapy with apatinib (250 mg orally
once daily) and initiated immunotherapy with camrelizumab (200 mg orally once daily) were started, this scheme were
administered intravenously over 30 minutes once every 3 weeks. After another two courses of therapy, the follow-up
contrast enhanced CT of upper-abdominal scan showed the size of liver lesions was continuous decrease and the lesions
have homogeneous or heterogeneous density, most of this was necrotic (Figure SA-D).

Stage Il Surgery

A month later, the patient was readmitted electively on August 2021 for second stage . Viral markers for hepatitis B virus
and hepatitis C virus (HCV) were still negative. The levels of tumor markers such as DCP and AFP were fair (Figure 6).
The serum alanine transaminase (88U/L) and glutamyltranspeptidase (189 U/L) levels were all abnormal. The upper-
abdominal enhanced CT scan revealed one heterogencous density areas (35 mm x 31 mm x 44 mm) in segment VII and
VII of the liver (Figure 7A-D). Compared with the first upper-abdominal enhanced CT scan, the liver indicates liver
cirrhosis, and the mass become more smaller, and the FLR volume was 71%, which meets the requirements of the
surgery. Magnetic resonance imaging demonstrated that the tumor load was reduced (Figure 8A and B), and the second
contrast-enhanced ultrasound (CEUS) showed the focal liver lesion was still classified as LI-RADS 5 lesion category
according to The Liver Reporting and Data System (LI-RADS). However, there was on obvious blood supply in the
tumor, and it was smaller than before. The indocyanine green retention rate at 15 min was 8.4%, and the patient was
reevaluated and considered as a good candidate for mirror right hemihepatectomy after multi-disciplinary meeting. At
initial surgical exploration, ischemic line of the right live could be easily observed (Figure 9A). After separating the
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Figure 5 Computed tomography (CT) scans images after course, the focus was smaller than before, the tumor activity was still seen, and there was a little effusion in the
operative area (red arrow). (A) Plain scan; (B) Arterial phase; (C) Portal venous phase; (D) Venous phase.
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Figure 6 Dynamic changes in tumor marker levels during treatment process. The decrease of des-y-carboxy prothrombin level reflects the reduction of tumor load. Alpha-

fetoprotein was fair.
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Figure 7 Computed tomography (CT) scans before stage Il surgery. Reduce of tumor load (red arrow) was showed on CT scans. (A) plain scan; (B) arterial phase; (C)
portal venous phase; (D) venous phase.

A

Figure 8 Magnetic resonance imaging showing a mass (red arrow) measuring 4.0%x3.4 x 3.0 cm in segment VIl and VIII of liver, (A) TI-weighted image; (B) T2-weighted
image.

adhesion and controlling the hepatic blood flow, along the actual ischemic line of the mirror right liver, the hepatic
parenchyma transection from the surface of the liver parenchyma to the superficial layer of the vena cava was performed
using an ultrasonic scalpel and bipolar electrocoagulation. The mirror right hepatic pedicle was cut off using a linear cut
stapler (LCS). Then, the remaining liver parenchyma close to the first hepatic hilum and in front of the inferior vena cava
was continuously separated with an ultrasonic scalpel. The right hepatic vein (RHV) and inferior right posterior vein
(IRHV) were both cut off with the LCS. Mirror right hemihepatectomy was carried out until the diseased liver was totally
removed (Figure 9B). Lastly, an absorbable gelatin sponge and a surgical drain were placed over the transection plane.
The operation time was 285 min with records of the intraoperative blood loss was 600 mL (including ascites)and 300 mL
intraoperative autologous blood transfusion. Pathological examination reported that there are necrotizing nodules in the
liver with surrounding inflammatory fibrous hyperplasia. There was a large number of inflammatory cells infiltrating the
surrounding liver tissue without definite evidence of tumor (Figure 10A—C). The liver function index of the patient
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Figure 9 Intraoperative photographs during stage Il surgery. (A) Ischemic line (white arrow) of the right live in stage | surgery; (B) Liver cross-section.

Figure 10 Surgical specimen and histopathological images. (A) The open resected specimen with liver tumor; (B and C) Pathological examination of tissue section; (B) 100
magnification; (C) 400 magnification.

decreased to normal at 30 days after operation. The re-examination of enhanced CT in the upper abdomen suggested that
there were fluid and gas in the operative area after liver cancer operation. The patient was discharged on
postoperative day 10.

Discussion

HCC is a malignant tumor with a high fatality rate and poses a serious threat to the health of Chinese people. Radical
surgical resection of liver tumors is still the main treatment method for PLC at the present stage. Previous studies have
shown that the 5-year survival rate of HCC is about 10%, with poor long-term efficacy. Even for early liver cancer, the
5-year survival rate of patients undergoing surgical treatment is only 50—70%.%%>” Improving postoperative survival is
a challenge for surgeons.

Conversion therapy means that after initial evaluation, the lesion does not meet current surgical indications, after giving
the patients chemotherapy, radiotherapy, targeted drug therapy, immunotherapy and other treatments, the tumor reach
surgical resection indications, prolong patients’ progression-free survival period and improve overall survival rates. In
clinical practice, for patients who cannot achieve RO resection due to causes such as an extremely large tumor volume or
vascular invasion, conversion therapy can provide surgical opportunity for RO resection after achieving the criteria of
decreasing tumor volume and tumor stage, complete microvascular tumor thrombus necrosis, evaluation of complete/
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partial remission, and stable disease lasting for 3—4 months,?” but there is evidence that in some patients who cannot achieve
RO resection, the curative effect of liver tumor resection is not significantly higher than non-surgical treatment.*®*

Nowadays, it is believed that the mirror person with tumor is still a rare coincidence, and the reported cases of mirror
person with tumor are sporadic. Although there are few reports of mirror person with tumors, some scholars speculate
that some genes are involved in the distribution of left or right organs in the human body, and the mutation or deletion of
these genes may be a susceptible factor for tumor formation. In 1600, the first case of human inverted heart disease was
reported. In 1983, Kanematsu described the first case of HCC with SIT and only 11 papers of HCC patients with SIT
have been reported in PubMed from 2000.*>4°** At present, there are sporadic reports of gastric cancer, rectal cancer,
pancreatic cancer, liver cancer and other tumors. To sum up, we believe that there is no exact relationship between
congenital total visceral inversion and the formation of liver cancer. Patients with tumors complicated with SIT generally
require surgical treatment. During the operation, the operator’s position, rich clinical experience and solid anatomical
basis knowledge are very important. Due to the relatively increased difficulty of surgery in SIT patients, reverse thinking
should be adopted during operation. The possibility of vascular variation can not be ruled out. It is important to
understand and recognize the anatomy of a mirror-imaged liver.*® Abdominal CT/MRI and other enhanced examination
are necessary. To sum up, although liver cancer complicated with SIT is rare in clinic, but it is not difficult to diagnose.
The pathophysiology of the disease is normal, it is helpful to the diagnosis and differential diagnosis of chest and
abdomen diseases, and avoid misdiagnosis and mistreatment.

The key feature of our case is that an extremely rare patient with visceral inversion complicated with hepatocellular
carcinoma underwent secondary surgery after FLR inadequate stage I surgery combined with transformation treatment.
In this case, we can know that pre-operation multidisciplinary evaluation and an adequate choice of surgical strategy are
essential to ensure the safe operation for HCC patients with SIT. TSH can be obtained after PVL and sequential targeted
immunotherapy in patients with advanced hepatocellular carcinoma with anatomical variation and potential resectability.
This treatment strategy is a safe and effective method. Similar cases have never been reported before. Therefore, we want
to share with readers a new method for the treatment of huge liver cancer.
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