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Abstract

The purpose of the study was to evaluate the outcomes of a series of liver resections performed in a 
single regional specialized cancer center. Material and Methods. Eighty-nine patients underwent liver and/
or extrahepatic bile duct resections in the Penza Regional Oncology Hospital over the 8-year study period. 
Malignancies were observed in 81 patients. Extended liver resections (4 segments or more) were performed 
in 58 (65.2 %) cases. Results. Postsurgical morbidity and mortality rates were 31.5 % (28 of 89) and 6.7 % 
(6 of 89), respectively. Six of 10 patients with primary liver carcinomas were alive without evidence of disease 
progression at a follow-up time ranged from 1.0 to 76.7 months. Adjuvant chemotherapy (ACT) was the 
only predictor (HR=0.40; 95 % CI 0.16–0.98) of overall survival in patients with metastatic colorectal cancer 
(mCRC). The median survival time after liver resections for mCRC with or without ACT was 54.5 (95 % CI: 
14.5–94.5) vs 21.8 months (95 % CI: 14.2–29.4), respectively. In mCRC patients with ACT, the 5-year overall 
survival rate was 44.8 ± 12.9 %. Conclusion. Primary hepatobiliary carcinomas and colorectal cancer liver 
metastases are the most common reasons for liver resections. A series of liver resections in a low-volume 
hospital is feasible with the achievement of good outcomes.
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Аннотация

Цель исследования – оценка результатов серийного выполнения резекций печени в условиях ре-
гионального специализированного онкологического учреждения. Материал и методы. В Пензенском 
областном онкологическом диспансере за 8 лет резекции печени и/или внепеченочных желчных про-
токов выполнены 89 пациентам. Злокачественные опухоли были у 81 пациента. Обширные резекции 
(4 и более сегментов) проведены в 58 (65,2 %) наблюдениях. Результаты. Послеоперационные 
осложнения зарегистрированы у 28 (31,5 %) пациентов. Летальный исход наступил у 6 (6,7 %) из 89 
человек. В группе первичных карцином печени из 10 пациентов шестеро живы в сроки от 1 до 76,7 мес. 
Адъювантная химиотерапия (АХТ) была единственным предиктором (HR=0,4; 95 % ДИ 0,16–0,98) общей 
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выживаемости в группе больных с метастазами колоректального рака (мКРР). Медианы выживаемости 
с/без АХТ после резекции печени по поводу мКРР составили 54,5 (95 % ДИ 14,5–94,5) vs 21,8 мес 
(95 % ДИ 14,2–29,4) соответственно. 5-летняя выживаемость у больных с АХТ – 44,8 ± 12,9 %. Выводы. 
В структуре резекций печени превалируют операции по поводу первичных гепато-билиарных опухолей 
и метастазов колоректального рака. Серийное выполнение резекций печени в условиях медицинской 
организации 3-го уровня возможно с достижением устойчивого удовлетворительного результата.

Ключевые слова: резекция печени, злокачественная опухоль, колоректальный рак, метастазы.

Introduction
Up to date clinical indications for liver resections 

are multiple. However, colorectal cancer metastases, 
primary tumors of the liver and extrahepatic bile ducts 
are the most frequent reasons for liver resections [1, 2]. 
Whilst liver resection remains the most efficient cura-
tive procedure, it has not become an easily reproduced 
one. Predominantly it is employed in high-volume 
centers [3, 4].

The latter is explained by various circumstances 
relevant to liver resections. Such points as personal ex-
perience [5], the anesthesia protocol [6], and complex-
ity of the future liver remnant (FLR) estimation taking 
account of possible comorbidity and chemotherapy ap-
plication are critical [7–10]. All these requirements are 
considered to be more feasible in a high-volume center, 
which provides high-quality medical care associated 
with low postsurgical mortality [11]. However, this 
remains a controversial point [3, 11, 12]. Accumula-
tion of specific patients in special centers is warranted 
while incidence of malignant pathology is extremely 
low. As per liver resection such an approach may be 
not appropriate, because the rate of liver surgical pro-
cedures is high and steadily increases. 

The objective of the study is the assessment of 
outcomes after multiple liver resections in a single 
low-volume regional oncology center. 

Material and Methods
Eighty-nine patients underwent liver and/or ex-

trahepatic bile ducts (EBD) resection in the Penza 
Regional Oncology Center from 2014 to 2021. Patients 
with the liver surgical extent less than one segment 
(marginal resections) were excluded. There were 44 
(49.4 %) men and 45 (50.6 %) women aged 28 to 81, 
the mean age being 61.8 ± 8.8.

Nosological forms are presented in Table 1. Be-
nign liver pathologies were as diverse as the focal 
nodular hyperplasia (n=3), the hemangioma (n=2), 
the cystic lesion (n=1), the abscess (n=1), and the 
parasitic disease (n=1). Metastases of the pancreatic 
carcinomas (2), the pancreatic neuroendocrine tumor 
(NET) (n=1), the kidney cancer (n=3), retroperito-
neal sarcomas (n=2), the ovarian cancer (n=1), the 
stomach gastrointestinal tumor (GIST) (n=1), the not 
otherwise specified (NOS) metastasis (n=1), and the 
liver fibrosarcoma (n=1) constitute the group of other 
tumors. Fifty-two (58.4 %) patients were operated for 
metastases of colorectal carcinomas.

Eighty-one of 89 patients underwent surgery for 
malignant tumors. Morphological patterns are pre-
sented in Table 2. Seventy-eight epithelial tumors were 
staged in accordance with TNM (8th edition) classifica-
tion (Table 3). There was the following stage distribu-
tion: I – 5 (6.4 %), II – 27 (34.6 %), III – 22 (28.2 %), 
and IV – 24 (30.8 %). Nineteen of 52 (36.5 %) 
mCRC patients were operated on synchronous distant 
metastases. Besides, one patient with HCC, one with 
hilar cholangiocarcinoma, two with pancreatic carci-
nomas, and one with carcinoma not otherwise specified 
have synchronous М1 as well. Three patients with non-
staged sarcomas underwent surgery for metachronous 
distant metastases. 

We assessed FLR employing the CT Canon Aquil-
ion One with the Liver Resection Planning package. 
Surgical extents are shown in Table 4. Anatomical 
portal liver resection was performed in 69 (77.5 %) 
of 89 patients. There were 30 (33.7 %) primary liver 
resections. In 59 (66.3 %) cases a liver surgical proce-
dure was a subsequent step of treatment. None of the 
patients with mCRC were operated simultaneously. 

Fig. 1. Right-sided hemihepatectomy with resection of 
extrahepatic bile ducts. The probe is inserted into the left bile duct

Рис. 1. Правосторонняя гемигепатэктомия с резекцией вне-
печеночных желчных путей. Зонд введен в левый желчный 

проток
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Table 1/Таблица 1

Nosological Forms

Структура нозологий

Diagnosis/Диагноз Frequency/Частота Percentage/Процент
Benign liver pathology/Доброкачественная патология печени 8 9.0

Hilar cholangiocarcinoma (CC)/Опухоль Клатскина 6 6.7
Bismuth I 2

Bismuth III 4
Primary liver malignancies/Первичные злокачественные опухоли печени 11 12.4

Rectal cancer/Рак прямой кишки 23 25.8
Colon cancer/Рак ободочной кишки 29 32.6
Other metastases/Прочие метастазы 12 13.5

Total/Всего 89 100.0

Table 2/Таблица 2

Morphological Patterns of Tumors

Морфологическая структура опухолей

Histological pattern/Гистологическая структура Frequency/Частота Percentage/Процент
GIST/ГИСО 1 1.2

Leiomyosarcoma/Лейомиосаркома 1 1.2
Fibrosarcoma/Фибросаркома 1 1.2

NET/НЭО 2 2.5
Renal cell carcinoma/Почечно-клеточный рак 3 3.7

Liver cholangiocarcinoma (LCC)/Холангиоцеллюлярный рак печени (ХЦР) 3 3.7
Hepatocellular carcinoma (HCC)/Гепатоцеллюлярный рак (ГЦР) 8 9.9

Adenocarcinoma/Аденокарцинома 62 76.5
Total/Всего 81 100.0

Table 3/Таблица 3

TNM (8th edition)

N0 N1 N2 Total/Всего
Т1М0 4 0 0 4
Т2M0 11 1 1 13
Т3М0 8 2 0 10
Т4М0 18 8 1 27
Всего 41 11 2 54
Т0М1 2 0 2
Т2М1 1 1 2
Т3М1 3 0 3
Т4М1 6 11 17

Total/Всего 12 12 24

Ten (11.2 %) extended surgical procedures were ac-
complished by resection of the following organs: EBD 
(6) (Fig. 1), diaphragm (2), multiple adjacent organs 
(2). Resection and angioplasty was performed in 4 
cases on account of involvement of the inferior cave 
vein (2), the portal vein (1), and the hepatic artery (1). 
All liver resections were carried out applying the two-
stage restricted infusion protocol with low CVP (up to 
2 mmAq) at the first stage. Preliminary identification 
and ligation of afferent (hilar) and efferent vessels 
were provided for all large resections. Parenchymal 
dissection was performed using the US-destructor 
Söring Sonoca 300 and LigaSure vessel sealing. Cell 
Saver was employed when the intraoperative risk of 
bleeding was expected to be high. 

Eleven of 52 (21.2 %) patients with mCRC had 
from 2 to 9 cycles of preoperative chemotherapy 
(CT). CAP, LF, FOLFOX, FOLFIRI, XELOX + 
bevacizumab were regimes employed. After liver re-
section 33 (63.5 %) of 52 patients received adjuvant 
chemotherapy (ACT) ranged from 1 to 12 courses. The 
following regimes were applied: CAP, LF, FOLFOX, 
FOLFIRI, ILF, IRI, XELIRI, XELOX, MitOX, FOL-
FOX + CAP, IRI + bevacizumab, IRI + FLOX.

Information about patients was collected in the 
formalized patients’ medical cards that constituted 
the database based on the standard program pack-
age Microsoft Office Access. Descriptive statistics, 
crosstabulation, Kaplan-Meier overall survival (OS), 
Cox regression were estimated using the IBM SPSS 
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Table 4/Таблица 4

Surgical Extents

Объемы резекций печени

Surgical procedure/Операция Frequency/Частота Percentage/Процент
Resection of EBD/Резекция внепеченочных желчных протоков (РВЖП) 3 3.4

Mesohepatectomy/Мезогепатэктомия 4 4.5
ALPPS* 6 6.7

Fissural segmentectomy/Атипичная резекция 7 7.9
Trisectionectomy/Трисекционэктомия 12 13.5

Anatomical segmentectomy/Анатомическая резекция 21 23.6
Hemihepatectomy/Гемигепатэктомия 36 40.4

Total/Всего 89 100.0
* – Associated Liver Partition with Portal Vein Ligation for Staged Hepatectomy

Table 5/Таблица 5

Postsurgical complications

Послеоперационные осложнения

Complication/Осложнение Frequency/Частота Percentage/Процент
Biloma/Билома 4 14.3

Internal bleeding/ Внутреннее кровотечение 2 7.1
Respiratory failure/Дыхательная недостаточность 1 3.6

Bile fistula/Желчный свищ 10 35.7
Mesenteric ischemia/ Мезентериальный тромбоз 1 3.6
Wound infection/Нагноение операционной раны 2 7.1

External bleeding/Наружное кровотечение 1 3.6
Acute intestinal obstruction/Острая кишечная непроходимость 1 3.6

Pancreonecrosis/Панкреонекроз 1 3.6
Peritonitis/Перитонит 1 3.6

Liver failure/Печеночная недостаточность 2 7.1
Pneumonia/Пневмония 1 3.6

Renal failure/Почечная недостаточность 1 3.6
Total/Всего 28 100.0

Table 6/Таблица 6

Individual lifetime in small groups of cases after liver resection

Индивидуальная продолжительность жизни после резекций печени в малых группах наблюдений

Disease/Заболевание Frequency/
Частота

Alive without tumor 
recurrence (term, months)/ 

Живы без прогрессирования 
(срок, мес)

Died of tumor recurrence 
(term, months)/

Умерли от прогрессирования 
(срок, мес)

Benign liver pathology/
Доброкачественная патология печени 8 1.0 – 104.0

1.7 and 12.8Hilar cholangiocarcinoma/Опухоль Клатскина 5 18.8; 73.4; 74.0
Metachronous metastases of kidney cancer/

Метахронные метастазы рака почки 3 31.0; 34.4; 88.8

Pancreatic ductal carcinoma/
Протоковая карцинома поджелудочной железы 2 11.0 and 39.9

Pancreatic NET/ НЭО поджелудочной железы 1 30.1 
Retroperitoneal tumors/

Опухоли забрюшинного пространства 2 8.8 and 64.4

Ovarian cancer/Рак яичников 1 26.7
Gastric GIST/ГИСО желудка 1 4.2

Liver fibrosarcoma/Фибросаркома печени 1 6.8
No metastasis/

Метастаз в печень без выявленного первичного 
очага

1 8.9
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Fig. 2. The Kaplan–Meier curve of OS in the group of primary 
liver tumors

Рис. 2. Кривая общей выживаемости по методу Каплан–
Мейера у больных с первичными опухолями печени

Fig. 3. The Kaplan–Meier curve of OS in the group of mCRC
Рис. 3. Кривая общей выживаемости по методу Каплан–

Мейера у больных метастатическим колоректальным раком

Fig. 4. Kaplan–Meier curves of OS depended on ACT in the 
group оf mCRC

Рис. 4. Кривая общей выживаемости по методу 
Каплан–Мейера в зависимости от адъювантной химиотера-

пии у больных метастатическим колоректальным раком

Statistics 23 software. Such notifications as X ± m 
must be regarded as a mean ± SE for survival and a 
mean ± SD for other descriptive statistics.

Results
From 10 to 17 (11 at the mean) liver resections 

were performed in our center annually. Post-surgical 
complications were registered in 28 (31.5 %) pa-
tients. These complications are presented in Table 5. 
Six (6.7 %) of 89 patients died. Necrosis of the 
hepatic-choledoch duct after standard hepatectomy 
and hepaticojejunostomy insufficiency after left bile 
duct resection that resulted in bile peritonitis were 
causes of death in two patients. Two patients died 
due to liver failure after the ALPPS procedure (n=1) 
and right-sided trisectionectomy for the long-lasting 
hilar CC complicated with obstructive jaundice and 
cholangitis (n=1). One case of peritonitis appeared 
as a result of stomach ulcer perforation. The patient 
underwent a series of second laparotomies, but the 
complication was not discharged. Mesenteric ischemia 
was a sequel of persistent atherosclerosis. Four died 
patients underwent surgery for mCRC, one for HCC, 
and one for hilar CC. 

Long-term outcomes were assessed in the other 
83 patients. Survival in small groups (less than 10) of 
patients is shown in Table 6. Kaplan-Meier survival 
was estimated in groups of primary liver carcinomas 
(n=10) and mCRC (n=48). The curve of OS in the 
group of primary carcinomas is presented in Fig. 2. 
Four of 10 patients with HCC/LCC died in the terms 
from 2.4 to 14.4 months. Six patients were alive with-
out tumor recurrence at the follow-up time ranged 
from 1.0 to 76.7 months. The median follow-up time 
was 52.0 months. 

The curve of OS in patients with mCRC is shown in 
Fig. 3. The median follow-up time was 34.7 momths. 
The median OS after liver resection was 36.8 months, 

(95 % CI: 5.9 – 67.8). The 5-year survival rate was 
34.5 ± 10.8 %. There was no tumor progression in 14 
(29.2 %) of 48 patients. Secondary liver metastases 
appeared in 4 (8.3 %). In the other 30 (62.5 %) cases, 
tumor recurrence including distant metastases in other 
organs or multiple distant ones was revealed. 

In the frame of this investigation the Cox regres-
sion analysis was performed. The following variables 
were regarded as potential predictors: age, sex (male, 
female), tumor localization (colon, rectum), ACT after 
colorectal resections (yes, no), neoadjuvant CT prior to 
liver resection (yes, no), ACT upon liver surgery (yes, 
no). The single factor affecting OS was ACT after liver 
resection (model χ2=4.26; p=0.04; HR=0.40; 95 % 
CI: 0.16–0.98). Curves of OS depending on ACT ap-
plication are shown in Fig. 4. 
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The median survival time with/without ACT after 
liver resection was 54.5 (95 % CI: 14.5–94.5) vs 21.8 
months (95 % CI: 14.2–29.4), respectively. The 5-year 
survival rate in the group of ACT was 44.8 ± 12.9 %. 
In the group of patients without ACT, the 5-year sur-
vival rate was 0 % . After liver resection ACT was not 
applied to 15 patients due to surgical complications 
(n=9) and previous preoperative CT (n=6). 

Discussion
Performing liver surgery in high-volume centers 

only remains a controversial point [11]. As per some 
investigations [4], personal surgical experience, initial 
patient’s condition and a comorbidity level are more 
important influencing factors. Besides, some specific 
and quite satisfied results of low-volume centers con-
tribution were published [12]. In our own opinion, 
a high level of surgical team rapport, affinity for 
single surgical modality, a stable patient stream, and 
performing up to 15 resections annually may provide 
proper skills among surgeons and anesthetists, on the 
assumption that the center deals with other high-tech 
operations in the same field.

Almost all types of standard anatomical liver resec-
tions are presented in our series, whilst 58 (65.2 %) 
procedures were large (including 4 or more segments). 
FLR calculated as 10 g of liver parenchyma per 1 kg 
of human body weight was considered to be absolutely 
acceptable. Unfortunately, such proportions could not 
be always obtained. Taking into account that majority 
of our patients who underwent large liver resections 
had received CT earlier, we regarded FLR as large as 
40 % of the liver volume to be minimally valid [9]. 
Simple portal vein ligation (during staged colorectal 
surgery), embolization of the portal vein with subse-
quent chemoembolization of the hepatic artery, the 
ALPPS procedure were employed for induction of 
FLR hypertrophy [13, 14]. We believe that ALPPS 
is the most efficient inductor of FLR hypertrophy. 
Nevertheless, interest in ALPPS is declining nowa-
days due to a high risk of post-surgical complications 
and concurrent development of very safe non-inferior 
endovascular interventions [14]. We did not observe 
adverse effects after endovascular embolization or 
simple portal vein ligation. After 6 ALPPS procedures 
presented there were 3 bile leakages. The left bile 
duct injury required re-intervention in 1 case. The 
origin of bile leakage remained unknown in 2 patients 
as the complication was discharged by prolonged 
draining. Liver failure resulted in lethal outcome in 
1 of 6 ALPPS’s. On the whole, we consider ALPPS 
to be acceptable especially in the case of bi-lobar 
liver damaging that requires trisectionectomy associ-
ated with 1–2 metastasectomies of FLR [8]. In one 
case we performed ALPPS after inefficient portal 
embolization. 

Transplantation techniques such as resection and 
plasty of afferent and efferent vessels were applied to 
4 patients [15]. All resections were performed under 

normothermia. We did not observe specific complica-
tions after such procedures. 

Several authors reported the rate of post-surgical 
complications vastly ranging from 4.1 to 47.7 % 
[16]. In our series this item was as high as 31.5 %. 
As per Table 4, specific complications (bile leakage, 
bleeding, liver failure) constituted 64.3 % (18 of 28), 
whilst bile leakage predominated – 50.0 % (14 of 
28). Re-intervention for bile leakage was performed 
in 4 patients; in two ones the complication was man-
aged. The other 10 bile complications were cured 
by prolonged draining or US-navigated punctures. 
Parenchyma leakage was the most probable cause of 
these bile leakages. In general, the rate and set of post-
surgical side events coincides with those reported by 
other authors [1, 16, 17].

Our colleagues announced the post-surgical mor-
tality range from less than 1.0 % to 10.0 % [16]. We 
consider our own mortality 6.7 % to be high. However, 
2 of 6 patients died due to comorbidity progression 
(stomach ulcer perforation and mesenteric ischemia). 
One death was caused by escalation of purulent 
cholangitis and liver failure developed before liver 
resection. This severe condition was a sequel of long-
lasting non-drained obstructive jaundice and portal 
vein compression in the patient with hilar CC. Hence, 
this patient underwent surgery for life-threatening 
disease. Hence, only 3 patients died due to specific 
post-surgical complications. We believe the initial 
status of patients and the high rate of comorbidity 
undermined the level of mortality in our series. Be-
sides, medical centers of the 3rd level in the Russian 
Federation cannot select patients most of the time, 
which adversely affects mortality. Other authors have 
analogous inference [4, 11].

In terms of long-term outcomes, all patients with 
benign pathology were expectedly cured successfully 
and stay alive without pathology progression. 

Among 12 patients whom liver resection is not 
strongly prescribed to by clinical guidelines (neither 
mCRC nor hepato-biliar tumors), 8 demonstrated 
satisfied OS ranged from 31.0 to 88.0 mo under con-
dition of additional drug therapy (Table 6). With the 
limited amount of such tumors we could not carry 
out a detailed controlled trial and draw strong con-
clusions. However, these results are believed to be a 
reason for individual planning of standard low-risk 
surgery if liver oligometastatic nature of the tumor is 
scrupulously proven. 

Extrahepatic CC is regarded as a rare and very ag-
gressive tumor associated with a poor prognosis. R0 
resection is the only comprehensive curative option. 
Nevertheless, due to unfavorable site resectability of 
the tumor is low, post-surgical complications develop 
in 40–70 %, and surgical mortality is ranged within 
5–15 % [18]. Even if R0 resection is accomplished, 
the incidence of tumor recurrence remains as high as 
50–70 % and 5-year OS is as low as 10–40 % [18]. 
We presented the small series of extrahepatic CC 
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consisting of 6 patients. Excepting Bismuth I tumors 
all patients had large liver resections with resection of 
extrahepatic bile ducts. One patient died after surgery 
due to progression of tumor complications (discussed 
above). Two died because of early tumor recurrence. 
Three patients are still alive without evident tumor 
whereas two have been alive for more than 5 years.

HCC and LCC were not multiple in our series 
either, that is why they were included in one common 
group of primary liver carcinomas. HCC expectedly 
prevailed over LCC (8 of 11 cases) [19, 20]. Only one 
patient had liver cirrhosis as the background of the 
cancer. The OS median was not obtained among 10 
survived patients. We think the present results coincide 
with those reported by colleagues [19, 20].

Undoubtedly, long-term outcomes of mCRC surgi-
cal treatment are of great interest because this carcino-
ma constitutes the largest group of liver resections [3, 
17]. All our patients underwent staged surgery whilst 
current meta-analyses do not substantiate significant 
OS differences after simultaneous or staged procedures 
(HR=0.97 (95 % CI: 0.88–1.08) with contemporary 
decreasing of hospital stay by one week (MD=−6.27 

(95 % CI: −8.20 −4.34), p<0.001, I2=94.00 %) [21]. 
This phenomenon could be explained by reserved 
attitude towards simultaneous surgery on the part of 
coloproctologists. Regression analysis demonstrated 
significant escalation of OS in patients receiving 
ACT. A limited quantity of mCRC cases (n=52), dif-
ferent regimes of CT, and their unequal number let 
us analyze the whole mCRC group only in the frame 
of “intention-to-treat” protocol without stratification 
and explication. It is noteworthy that the choice of 
the optimal CT strategy (preoperative, postoperative, 
perioperative, without CT) is still a discussible subject 
that requires individual approach [8]. The median 
OS 36.8 mo and 5-year survival are similar to those 
reported by colleagues [2, 8, 21].

Conclusion
The set of nosological forms requiring liver 

resection is various with prevalence of primary 
hepato-biliar tumors and colorectal metastases. Serial 
implementation of liver resections in the low-volume 
3rd level medical center demonstrates lasting satisfied 
results.
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