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Introduction

Recently, surgical indications for metastatic liver cancer 
(MLC) are gradually expanded. For instance, in the patients 
with colorectal cancer liver metastasis (CRLM), 5-year 
overall survival (OS) of these patients is more than 50% 
after receiving radical resection and standard postoperative 
treatments (1-3). Minimally invasive, laparoscopic liver 

resection (LR) can also benefit the CRLM patients (4). In 
addition, neuroendocrine cancer liver metastasis (NCLM) 
has also achieved satisfactory results, 5-year OS of which 
is 60–80% (5). Except for the CRLM and NCLM, the 
postoperative prognosis of patients with liver metastases 
from genital system tumor is significantly better than that 
from non-genital system tumor (6).
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In the female genital system tumor, 75% of ovarian 
cancer (OC) patients are in the advanced-stage and 12–33% 
of which are in the stage IV at the initial diagnosis due to 
insidious progress (7,8). Since the 1970s, gynecologists 
were aware of the value of cytoreductive surgery (CRS) for 
advanced OC (9). In recent years, the results from several 
meta-analysis indicated that every 10% R0 CRS increases 
the survival rate of OC patients by 5.5% (10). With the 
development of surgical techniques and oncological views, 
R0 CRS is a constantly modified concept. In 1970s, the 
most common definition of maximal CRS was that the 
maximal diameter of residual focus is ≤2 cm. Till now, R0 is 
considered as the target of CRS, the definition of which is no 
visible residual focus after CRS. After R0 CRS, 5-year OS 
can achieve 68 months. While 5-year OS will fall to 40 and 
33 months in patients with ≤1 or >1 cm residual focus (11). 
Unfortunately, 5-year OS of patients is still less than 20%. 
Residual focus after CRS and chemotherapeutic resistance  
are two main factors deteriorating the prognosis (12).

Liver is one of the most common distant metastasis 
target organs of OC (7). A retrospective study from Deng 
et al. showed that in 1,481 patients, 37.49% of patients 
occurred liver metastasis (LM), which was the most 
common distant organ metastasis, followed by lymph node, 
lung, bone, and brain metastasis. The occurrence of LM 
was positively correlated with the OS of patients (13). The 
incidence of LM and the number of lesions would increase 
gradually as the tumor progressed. LM was verified in 48% 
of patients at their death and the number of metastatic 
lesions indicated poor prognosis (14,15).

There are great progresses in the hepatic surgery in these 
years, especially in treating non-hepatitis B or non-cirrhosis 
MLC. Because of the fierce progress and poor prognosis 
of OCLM, hepatic surgeons are responsible for assisting 
gynecologists to improve the prognosis of these patients 
by different perspectives and emphases from gynecologist. 
Therefore, it is necessary to discuss OCLM from the 
perspective of hepatic surgeons by literature review and to 
guide further research and clinical decision.

LR for ovarian cancer liver metastasis (OCLM)

LR for OCLM was first reported in 1963 (16). Subsequently, 
the researches focusing on the value of this treatment 
increased gradually, all the results of which demonstrated 
that LR is a safe and effective treatment and improves 
the prognosis of OCLM patients (17-19). R0 resection is 
necessary for treating OCLM. The OS of patients who 

received R0 LR and CRS were 50.1 months, which were 
significantly higher than that of patients who received R0 
CRS and non-R0 LR (20.0 months) (10). Moreover, LR 
did not prolong the waiting time for chemotherapy after 
OCLM, which had adverse effects on the prognosis (20).  
However, even if the patients with unresectable LM 
receiving standard chemotherapy and other adjuvant 
treatments, OS are only about 10 months. Generally, the 
patients who were suitable for LR were highly selected. The 
selection criteria were relatively low systemic tumor burden, 
metastasis sites located in superficial sites, and limited 
size of tumors. Gynecologists were very cautious on LR. 
Therefore, multiple LMs with a depth of more than 1 cm  
were commonly evaluated as unresectable status (21). So, 
hepatic surgeons were responsible for LR.

OCLM pattern

The most common metastasis patterns of OCLM are 
peritoneal dissemination (PD), hematogenous metastasis 
(HM) and lymph node metastasis (LNM) (22). PD is the 
most common pattern, corresponding to hepatic capsule 
and hepatic diaphragm metastasis, indicating OC stage III, 
which represents regional dissemination. PD can be found in 
the early stage of OC, and the number of disseminated foci 
is amazing, most of which are miliary nodules. In addition,  
PD can also cause liver parenchymal infiltration (LPI).

In the past, gynecologists paid great attention to the 
lesions of the hypogastrium, and the imaging examination 
and diagnosis of OCLM by PET-CT were not accurate 
enough. The actual incidence of HM may be higher than 
that have been known, corresponding to liver parenchymal 
metastasis (LPM), indicating OC stage IV, which represents 
extensive dissemination. Recently, the studies focusing on 
hepatic surgery related LNM [corresponding to liver portal 
LNM (LPLNM)] is not relatively rare (Table 1).

Miliary nodules dissemination between the right 
hemidiaphragm and liver capsule

Gynecologists generally use ultrasound examination to 
evaluate the lesions in upper abdomen, as a supplement for 
PET-CT. From the view of hepatic surgeons, the patients 
with advanced OC should be routinely performed an upper 
abdominal MRI to evaluate the metastases. The study from 
Patel et al. indicated that a certain proportion of patients 
with peritoneal carcinoma had LM, and vice versa (23). 
It is suggested that liver imaging can provide a reference 
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for preoperative evaluation of PD. In addition to imaging 
evaluation, peritoneal carcinomatosis index (PCI) is also 
an important part of preoperative evaluation, and the most 
common index used to quantify peritoneal metastasis and 
determine the feasibility of CRS (24). PCI >11 indicates 
the patients have poor prognosis, while the patients with 
PCI 0–5 will has a better prognosis than who with PCI 
6–10. LR is more suitable for patients with lower PCI 
score (25). However, preoperative imaging diagnosis is still 
powerless for such diffuse metastases between the right 
hemidiaphragm and liver capsule. Thus, the intraoperative 
diagnosis in laparotomy is very important. R0 resection 
should not be difficult for miliary nodules by intraoperative 
inspection and palpation. 

Non-miliary nodules between the right 
hemidiaphragm and liver capsule

Cancer cells float in ascites and circulate clockwise in the 
abdominal cavity by intestinal peristalsis and diaphragm 
movement (22). Therefore, the diaphragm (especially right 
hemidiaphragm surrounded liver), recessus hepatorenalis, 
and liver capsule are the predilection site of metastasis. For 
advanced or recurrent OC, the incidence of diaphragmatic 
metastasis was 20–40% (26,27), and it was even as high as 
91% in some studies. According to the tumor infiltration 
depth, it could be divided into four types: diaphragmatic 
peritoneal, subperitoneal space, central tendon (muscular 
diaphragm) and pleural surface (28). There are much more 
often and extensive metastases on the right hemidiaphragm 
than that on the left hemidiaphragm, and what’s more, if 
metastases occur on the right hemidiaphragm, 80% of the 
patients will have a simultaneous tumor implantation on the 
left side (27). To the right hemi-diaphragmatic metastases, 

gynecologists prefer diaphragmatic peritoneal stripping 
rather than diaphragmatic tumor resection in order to reduce 
diaphragmatic injury and chest complications. However, it is 
impossible for a surgeon to determine whether the implanted 
tumors are adhesion or invasion of striated muscle from the 
naked eye. Thus, peritoneal stripping only may lead to tumor 
residual. If the tumor invasion is deep, blunt peritoneal 
stripping is much more difficult than diaphragmatic tumor 
resection, and the operation time and intraoperative bleeding 
are significantly increased. No thoracic metastasis occurred 
after resection of diaphragmatic tumor, and no significant 
increase in resection related complications, such as pleural 
effusion and infection (29). Diaphragmatic tumor resection 
contributes more R0 CRS. Hepatic surgeons are skilled in 
right hemidiaphragm dissection, liver mobilization, and 
diaphragm resection. It seems more proper for hepatic 
surgeons to treat right hemidiaphragm OC metastasis (30).

LPI

At present, no clear definition of LPI could be found in 
guidelines. Some studies defined that LPI is PD with at 
least 2 cm tumor invasion in the liver parenchyma (17). LPI 
accounted for about 23% of OCLM, and it is more often 
in older patients without R0 resection in the primary CRS. 
There was no significant difference in the prognosis of LPI 
patients receiving standard treatment compared with that of 
PD patients. Therefore, it is recommended that LPI should 
be treated according to stage III OC, and the resectability 
of LPI should be evaluated carefully (31).

Stages III vs. IV

The International Federation of Gynecology and Obstetrics 

Table 1 The definition, frequency, and surgical indication of each type of metastasis

Abbreviations Terms & definition Frequency Surgical indication

PD Peritoneal dissemination, including hepatic capsule and hepatic 
diaphragm metastasis

40–90% Cytoreductive surgery including 
diaphragmatic muscle resection

LPI Liver parenchymal infiltration, a kind of liver parenchymal metastasis 
that breaks through the liver capsule directly and invades the liver 
parenchyma by peritoneal dissemination

23% Liver resection

HM LPM Hematogenous metastasis and liver parenchymal metastasis. Liver 
parenchymal metastasis is one of metastasis pattern of hematogenous 
metastasis

18% Liver resection

LPLNM Liver portal lymph node metastasis 15% Skeletonization
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(FIGO) defines perihepatic metastasis as stage III OC and 
LPM as stage IV OC (32) (Table 2). PD is the main OCLM 
pattern, which can be divided into three types: hepatic 
capsular metastasis, right hemidiaphragm metastasis, and 
LPI. The corresponding hepatic surgical treatment includes 
liver mobilization, hepatic capsular metastasis resection, 
partial diaphragm resection, and hepatic segmentectomy. 
R0 LR could benefit  patients without increase in 
postoperative complications. For these disseminated 
and diffuse metastases, which is difficult in preoperative 
diagnose, non-R0 resection should not be accepted. Hepatic 
surgeons should explore the lesions very carefully during 
the operation for the best benefit of the patients.

The incidence of HM is much less than that of PD. 
However, it is in advanced stage of tumor, the value of 
liver surgery is not clear. Recent studies have shown that 
the incidence of LPM is 18%, the second largest cause of 
stage IV OC, which is only inferior to malignant pleural 
effusion (11). The patients with LPM show better prognosis 
than stage IVb OC patients with spleen, lung, brain, and 
other parenchymal organ metastases, especially in patients 
younger than 65 years old (31). Systemic chemotherapy 
shows a limited effect on LPM patients, and the median OS 
and progression free survival (PFS) of stage IV patients who 
only received chemotherapy were only 15 and 8 months 
respectively (33). In the 1990s, only 16% of LPM could 
be treated with R0 LR by gynecologists, while non-R0 LR 
did not improve prognosis (34). The patients receiving R0 
LR have significantly better prognosis than that in patients 
receiving LPM biopsy only. The median OS of these two 
groups were 53 and 21 months, respectively (35). Although 
LPM is the most advanced-stage of OC, active and standard 
treatment, especially R0 LR, is still necessary.

Hepatic surgeons should not evaluate LPM as unresectable 
status easily. Many studies have gotten a similar result that 
there was no significant difference in prognosis between 

patients with stage IVb OC after receiving R0 LR and 
patients with stage IVa OC (36-38). Compared OCLM 
patients with PD origin and LPM origin after receiving R0 
LR, there was no significant difference in prognosis (18). In 
addition, LPM patients undergoing R0 LR were associated 
with longer disease-free interval and fewer LPMs after LR 
indicated a better prognosis (39).

LPM with extrahepatic metastasis

For advanced-stage OC with LPM and extrahepatic 
metastasis, LR is important components of CRS. It could 
improve the prognosis as part of primary, secondary, 
tertiary, and even quaternary CRS (18). The prognosis after 
R0 CRS in LPM patients with extrahepatic metastasis was 
not significantly different from that in patients with only 
LPM. Whether extrahepatic metastasis exists or not will 
not affect the prognosis of OC patients with LPM after 
receiving R0 CRS combined with systemic chemotherapy. 
Thus, LR should not be excluded from advanced-stage OC 
with extrahepatic metastasis (35). 

LPM is the most advanced-stage of OC, associated 
with extrahepatic metastasis. Even in platinum sensitive 
patients, the effect of chemotherapy on LPM is limited. 
Local hepatectomy and anatomic LR are the main surgical 
modalities for the deeply located LPM. Hepatic surgeons 
should actively assist gynecologists to achieve R0 LR in the 
patients with LPM.

Unresectable LPM

R0 LR can significantly improve the prognosis of LPM 
patients and non-R0 LR cannot do that (19). Roh’s study 
defined the unresectable LPM: extensive abdominal 
metastasis or bilateral liver lobes extensive metastasis. 
The prognosis of the patients with unresectable LPM 

Table 2 The definition of ovarian cancer stages III and IV regarding liver metastases

Stage Definition Liver metastasis

III Extrapelvic and intraperitoneal visible metastasis, with or without 
retroperitoneal lymph node metastasis

Metastasis on the liver capsule, metastasis 
between the hemidiaphragm and liver capsule, 
liver portal lymph node metastasis

IVa The cytological examination of pleural effusion was positive –

IVb Liver or spleen parenchymal metastasis; extraperitoneal organ metastasis 
including inguinal lymph node metastasis and extraperitoneal lymph node 
metastasis

Liver parenchymal metastasis
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was significantly deteriorated (10 vs. 38 months) (40). On 
the other hand, OCLM with massive ascites were also 
considered that would significantly increase the rate of 
unresectable LPM (19). R0 LR is of great significance in 
the treatment of LPM and can significantly improve the 
prognosis of patients. 

LNM

LNM is another major pattern of OCLM and cardiophrenic 
angle and even more distal LNM is not rare (41). Till now, 
some studies focused on LPLNM (42-46). The incidence 
of LPLNM and its impact on the prognosis of OCLM 
are poorly understood. Preoperative CT could accurately 
assess LPLNM, the incidence of which was 15%. Ninety 
percent of LPLNM could be R0 resected. However, the 
anatomical structure of the hilar region is complex, which 
makes lymph node dissection difficult. Gynecologists prefer 
to treat hilar lymph nodes by postoperative chemotherapy 
and radiotherapy rather than surgical resection. LPLNM 
R0 resection is an important part of R0 CRS. Compared 
with postoperative complication rate of CRS (30%), no 
LPLNM resection-related complications such as arterial 
hemorrhage and bile leakage were found (47). LPLNM was 
present in 15% of advanced OC patients. Intraoperative 
palpation should be performed very carefully in spite of no 
LPLNM evidence in preoperative CT, especially in the OC 
patients with para-aortic, mesenteric, and lesser omental 
lymph node metastases. LPLNM was also an independent 
prognostic factor as well as tumor stage (48). Hepatic 
surgeons are familiar with hilar skeletonization and hepatic 
surgeons may be more suitable to evaluate the resectability 
of hilar lymph node than gynecologists. The prognosis of 
LPLNM is not optimistic, although it is not the latest stage 
of OC. Hilar lymph node dissection and skeletonization are 
the main treatment methods. Intraoperative examination 
of hepatic hilar region should be emphasized, especially 
in the patients with other celiac lymph node metastases. 
Meanwhile, liver surgery should be carefully operated to 
avoid injury of blood vessels and bile duct.

In summary, combined with literature review and our 
clinical experience, OCLM surgery may be recommended 
as follow:

(I) Open surgery may be more suitable than laparoscopic 
surgery. The middle abdominal incision from the 
xiphoid to the symphysis pubis.

(II) Gynecologists or gynecologic oncologists evaluate 
the possibility of extrahepatic R0 CRS. LR should 

be selected carefully if the possibility of extrahepatic 
focus residue is high. 

(III) The possibility of R0 LM should be evaluated 
preoperatively and intraoperatively by a hepatic 
surgeon. Careful evaluation before the operation 
of advanced OC is necessary. In addition to PET-
CT, routine upper abdominal MRI or CT instead 
of ultrasound is recommended. If it is necessary, 
MRCP could be chosen for the patients with 
hepatic portal metastasis. For unresectable OCLM, 
the application of associating liver partition 
and portal vein ligation for staged hepatectomy 
(ALPPS) has not been reported. The experience 
should be accumulated.  Even experienced 
gynecologic oncologists should be recommended 
receiving intraoperative consultation from hepatic 
surgeons.

(IV) Liver wedge resection or at least 1cm cautery depth 
is recommended for hepatic capsule metastasis, not 
just resecting the lesions on the hepatic capsule 
surface.

(V) Diaphragmatic resection and repair instead of 
diaphragmatic peritoneal dissection after adequate 
liver mobilization should be recommended for the 
metastasis between the right hemidiaphragm and 
liver capsule.

(VI) The patients with LPI should be treated follow 
the same treatment principles as the patients with 
LPM, and liver local or anatomical resection should 
be performed, and the resection margin could be 
considered more than 2 cm.

(VII) For patients  with LPLNM, hepatic portal 
skeletonization should be performed, rather than 
portal lymph node dissection.

R0 CRS is the most favorable determinant for the 
prognosis of OC patients, and R0 LR is a component of R0 
CRS. Patients with advanced OC are often accompanied 
by massive ascites due to tumor peritoneal spread, but their 
liver function is generally tolerable to LR. Different surgical 
treatments for different OCLM patterns, the common 
principle is to achieve R0 resection.

Non-surgical treatment

Radiofrequency ablation (RFA) provides an effective 
complement to hepatic surgery in OCLM patients with 
deep foci location and large tumor number. Till now, few 
numbers of cases reports showed the role of RFA in OCLM 
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(49-51). RFA, as a local adjuvant therapy for OCLM, is 
feasible and effective. It provided great local tumor control 
and no postoperative complications such as bleeding, liver 
abscess, and bile leakage were observed. However, whether 
the therapeutic affection of RFA and LR are equal remain to 
be validated in large-scale sample prospective randomized 
controlled trials (52).

In addition to RFA, transcatheter arterial chemoembolization 
(TACE) is not the first-line treatment for MLC, but it is 
also a minimally invasive option in palliative treatment 
of OCLM. TACE (mitomycin + gemcitabine + cisplatin) 
was used for unresectable OCLM with poor response to 
systemic chemotherapy. The postoperative survival rates 
were 58%, 19%, and 13% at 1, 2, and 3 years, respectively. 
Compared with LR, TACE is a safe and effective palliative 
treatment option, because it is easy to operate and has fewer 
complications (53).

For the OCLM, Perioperative chemotherapy is still 
controversial. Regardless of pre- or postoperative adjuvant 
chemotherapy, the current first choice regimen is paclitaxel 
plus platinum and no regimen is especially for OCLM. 
In clinical practice, two to four courses of preoperative 
adjuvant chemotherapy may be advised. The advantages 
are tumor regression which is conducive to the operation 
and identifying primary drug resistance which accounts for 
about 20% of OC patients and indicates poor prognosis. 
However, there is no evidence to prove whether there is 
a clear correlation between the operation with or without 
preoperative chemotherapy and prognosis at present. 
Several RCT are undergoing to identify it.

The patients with BRCA mutation

Breast cancer patients with BRCA1/2 mutation had a high 
tendency of visceral metastasis, especially in lung and  
brain (54). It is suggested that the mutation of BRCA affects 
the metastasis pattern and increases the rate of visceral 
invasion. In OC, up to 92% of the patients with BRCA1/2 
mutation had visceral metastasis. The liver, spleen, and 
lung metastasis were 42%, 32%, and 16%, respectively, 
significantly higher than 0%, 0%, and 3% in the control 
group (nonhereditary control patients from the Edinburgh 
Ovarian Cancer Database) (55).

The close correlation between BRCA mutation and 
visceral metastasis, especially LM, suggests that gene 
detection should also be performed for OCLM patients 
who deny family history. The gene detection could not only 
provide genetic counseling for patients and their families, 

but also identify whether the patients would be suitable for 
PARP inhibitor therapy. BRCA mutation involves not only 
platinum chemosensitivity, but also double-strand break 
defect. The results suggest that OC with BRCA mutation 
has unique clinical characteristics, which is also the basis of 
new molecular subtypes of OC with the different biological 
behavior and prognosis of tumors from that without BRCA 
mutation. After a comprehensive assessment, individualized 
treatment should be used more frequently, especially with 
BRCA1/2 mutation OCLM.

Summary

The studies focusing on MLC treated through hepatectomy 
is accumulating. R0 CRS can significantly improve the 
prognosis of OC, and surgical treatment of OCLM may be 
another hotspot except for CRLM. In despite of different 
OCLM modes, LR combined with adjuvant therapy 
are effective means, which can significantly improve the 
prognosis of OCLM with fewer complications. Individual 
treatment will provide more benefit to patients with 
BRCA mutations. Hepatic surgeons should cooperate with 
gynecologists to improve the prognosis of OCLM patients 
on the basis of R0 LR. Further basic research and large-
scale samples prospective randomized controlled clinical 
trials are needed to clarify the molecular mechanism and 
treatment of OCLM.
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