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Abstract
Background Hepatic Alveolar echinococcosis (AE) is also known as worm cancer, parasitic cancer, and it often invades the regional lymph nodes
of the liver. The present study was to investigate the clinical value of radical hepatectomy and lymphadenectomy in AE patients.

Methods Our study enrolled consecutive AE patients who underwent radical hepatectomy with removal the regional lymph nodes between
January 2009 and April 2019. Patients with in�ammatory lymph node enlargement was included in group A, and patients with AE lymph node
invasion were included in group B. The clinical characteristics, survival and recurrence rates were compared.

Results A total of 103 patients were enrolled group A, and 24 in group B. Preoperative computed tomography showed that the lymph node
positivity rate in group B was 70.8% while that in group A was 43.7% (p=0.017). The lymph node diameter was 1.8±0.9 cm in group A vs 2.5±1.1
cm in group B (p=0.004), and the lymph node number (p=0.035) and lymph node location (p=0.001). A total of 10 patients (7.9%) had recurrent
lesions, and 6 patients (4.7%) died (P>0.05).

Conclusions lymph node diameter, number, and distance from the liver were important characteristics for describing lymph node invasion. There
was no difference in the long-term e�cacy of lymphadenectomy between patients with lymph node enlargement and those with invasion.

Background
Hepatic alveolar echinococcosis (AE), also known as “worm cancer”, “parasitic cancer”, is a parasitic life-threatening infestation that is caused
by the larval stage of Echinococcus multilocularis and is found in the majority of the Northern Hemisphere, especially in Tibetan areas of
China[1, 2]. Radical hepatectomy is the main way to treat AE, but treating regional lymph nodes before or during surgery is a di�cult problem. It
is well known that if lymphatic metastasis is found in liver malignancies, the disease is mostly likely in the advanced stage, and the prognosis is
poor[3]. Although the biological behavior of AE is similar to that of malignant tumors in that the tumor invades the surrounding organs and
tissues, AE invasion is largely a chronic in�ammatory response. However, the regional lymph nodes in hepatic AE show in�ammatory
enlargement, invasion and metastasis. Lymph node invasion and metastasis means that AE fragments can be found in the lymph nodes, but
these fragments are not found in in�ammatory lymph node enlargement.

In 2006, the WHO-Informal Working Group on Echinococcosis (WHO-IWGE) proposed the PNM classi�cation[4] (P=parasitic mass in the liver,
N=involvement of neighboring organs, and M=metastasis). Lymph nodes were divided into regional lymph nodes and distant lymph nodes,
corresponding to N1 and M1, respectively, and interventional treatment/drug therapy was recommended[5]. However, this system does not
clearly de�ne "regional" and "distant" lymph nodes or "metastasis" and "involvement", leading to a lack of indications for lymphadenectomy[1, 4].
In addition to intra-abdominal lymph nodes, mediastinal lymphadenopathy[6] and cervical lymph node[7] were observed. The present cases
suggested that echinococcosis could be involved in distant organs through the lymphatic system[8]. A previous study[9, 10] by our team found
that lymphadenectomy was more common for AE than for malignant tumors, but long-term follow-up observations of large samples of these
two conditions have not been reported. Therefore, this study attempts to explain the clinical features of AE lymph node enlargement and
invasion and the survival bene�ts of lymphadenectomy.

Methods
From January 2009 to April 2019, medical records of selected 127 (30.2%) hepatic alveolar echinococcosis patients were reviewed (Figure 1).
The Research Ethics Committee of West China Hospital approved this retrospective study, and the Sichuan Province Hydatid Disease Clinical
Medicine Research Registration Number (2018-02). Specimens were collected after obtaining informed consent from the patients. This study
was performed as per the established national and institutional ethical guidelines regarding the involvement of human subjects and the use of
human tissues for research. All procedures were conducted in accordance with the most recent revision of the Declaration of Helsinki.

All patients underwent abdominal, chest and brain computed tomography (CT) and/or magnetic resonance imaging to evaluate the liver lesions,
lymph node characteristics, conduit structures and extrahepatic organ status. For complex liver resection, liver transplantation and liver
autotransplantation[11], we created three-dimensional (3D) images to distinguish the anatomical relationships between the AE lesions and
neighboring organs. In addition, the remaining liver volume was also estimated. All surgeries were performed by surgeons in the same
department, and detailed preoperative multidisciplinary team discussions were conducted. All suspicious lymph nodes were cleared based on
the results of preoperative imaging examinations and intraoperative �ndings (Figure 2). The position, number and diameter of lymph nodes
found during the operation were recorded. Immediately after the infected lymph nodes and liver lesions were removed, they were placed in 10%
formaldehyde, routinely dehydrated, embedded in para�n, sliced into 4 μm sections, and   hematoxylin and eosin (HE) and periodic acid-Schiff
(PAS) staining was performed.

After conventional HE and PAS staining[12], the diagnosis was based on the presence or absence of small particles of E. multilocularis (spems)
outside the main lesion under the microscope. If AE structures were found in ≥5 �elds of vision (X100), the sample was classi�ed as lymph
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node invasion and included in group B; otherwise, the sample was included in group A (in�ammatory lymph node enlargement). This procedure
was performed by 3 blinded independent experienced pathologists. Finally, there were 103 patients in group A and 24 patients in group B (Figure
3).

The diameter of AE lesions was calculated based on preoperative CT. Radical resection refers to a distance of 2.0 cm or more[13]. The largest
lymph node diameter was recorded as the diameter. Patients were followed regularly after discharge, at 3 months, 6 months, 1 year, 2 years, etc.,
and were consecutively observed. Recurrences were de�ned as any new liver or lymph node lesion on imaging that was highly suspicious of AE
recurrence. The appearance of another extrahepatic AE lesion was classi�ed as metastasis. The time and characteristics of the patient's
recurrence, metastasis and death were recorded.

Statistical analysis

All quantitative variables that obeyed a normal distribution were reported as the mean ± standard deviation and were compared using
independent Student’s t-tests. Categorical variables that did not obey a normal distribution are presented as percentages or/and the median
(minimum-maximum) value. Then, the chi-square analysis or Mann-Whitney nonparametric test was used. Survival analysis was performed
using the Kaplan–Meier method with a log-rank test for differential analysis. Statistical analyses were performed with SPSS version 13.0
software (IBM, Armonk, New York, USA). P<0.05 was considered statistically signi�cant.

Results
Patient characteristics

A total of 127 patients had abnormal lymph nodes during the operation, while the preoperative CT report found only 62 abnormal lymph nodes
(60.2%). The diagnostic accuracy of CT for lymph node invasion was higher than that for lymph node enlargement (70.8% vs 43.7%, p=0.017).
There were 122 Tibetan patients (96.1%) and 5 Han patients (3.9%). In group A, the average age was 37 years old, and the body mass index
(BMI) was 22.0 kg/m2; in group B, the average was 37.2 years old (p=0.79), and the BMI was 21.8 kg/m2 (p=0.78). In total, 58 patients
complained of right upper quadrant pain (45.7%), 46 of liver-occupying lesions (36.2%), 14 of jaundice (11.0%), and 9 of abdominal distension
(7.1%). Preoperatively, 5 patients had undergone hepatic lobectomy (3.9%), 3 had undergone puncture and aspiration (2.4%), 11 had undergone
percutaneous transhepatic cholangial drainage (PTCD) (8.7%), and 2 had undergone portal vein embolization (PVE) (1.6%). Regarding liver
lesion location, 53 cases were in the right liver (41.7%), 57 were in the middle liver (44.9%), 9 were in the left liver (7.1%), and 8 were in the
caudate lobe (6.3%). There was no difference in liver lesion diameter between the two groups (p=0.53). There were no differences in the number
of liver lesions, portal vein invasion, bile duct invasion, inferior vena cave (IVC) invasion, or PNM stage between the two groups (p>0.05). There
were no differences in white blood cell count (WBC), total bilirubin, alanine transaminase, aspartate aminotransferase, or prothrombin time
before surgery between the two groups (p>0.05). Seventy-�ve patients underwent right hepatectomy (59.1%), 37 underwent liver transplantation
(29.1%), 12 underwent middle liver resection (9.4%), and only 3 underwent left hepatectomy. During the postoperative hospitalization period, 25
patients had grade III complications[14], and no patients died during the postoperative hospital stay. More data are shown in Table 1.

Characteristics of lymph node resection

The diameter of the lymph nodes in group B was larger than that in group A (2.5±1.1 cm vs 1.8±0.9 cm, p=0.004). In group A, the lymph nodes
were mainly located around the hepatoduodenal ligament (68.0%) and the perigallbladder region (24.5%), but group B more abdominal lymph
nodes (16.7%), apart from around the hepatoduodenal ligament (58.3%). In terms of the distribution of locations, there were differences between
the two groups (p=0.001). Group A was dominated by single lymph nodes (61.2%), group B was dominated by multiple lymph nodes (41.7%),
and the number of lymph nodes was greater in group B than in group A (p=0.035). All liver lesions were pathologically diagnosed as AE, and
regional lymph nodes affected by AE may have either lymph node invasion or lymph node enlargement, or both (Supplementary Figure 1).

Clinical outcomes

As of December 2019, the median follow-up duration of the 127 patients was 31 months (7-130 months). AE recurrence in the liver was found in
8 patients (7.86%) in group A and 2 patients (8.33%) in group B during the follow-up, and the disease-free survival (DFS) was not signi�cantly
different between the 2 groups (p=0.525) .These DFS, OS curve were shown in Figure 4. There were no distant organ metastases, such as brain
AE. Six patients died, including 5 patients in group A and 1 in group B, all due to liver failure and multiple organ failure caused by giant AE
lesions with liver recurrence. The overall survival (OS) rate was 95.3%, and there was no difference between the two groups (p=0.582).

Discussion
Alveolar echinococcosis is a severely understudied parasitic disease found worldwide, mainly in China[15], Turkey [16], France [17], Germany[18],
North America[19], and so on. AE mainly affects the liver, lungs[20], brain, and adrenal glands[21], and radical resection is the main treatment.



Page 4/13

Lymph node invasion and metastasis are associated with advanced malignant cancer, but very few studies focus on AE and are ambiguous.
Currently, large samples are needed to con�rm whether selective lymphadenectomy or extended dissection is effective for AE. The retrospective
analysis in this study of data over nearly 12 years found that radical resection for patients with regional lymph node invasion around the liver
leads to no survival bene�ts. Compared with lymph node invasion, in�ammatory enlargement of the lymph nodes is more common, and the two
pathological states have no difference in long-term outcomes after radical lymph node resection. This study will help surgeons judge the
rationality of intraoperative lymph node resection.

AE lymph node changes were mentioned as early as 1984[22, 23] and later written into the WHO guidelines[4] in 2006, which de�ned lymph node
involvement as "N1" or “M1”. However, there was no distinction or de�nition of these two classi�cations: one was described as regional and
distant, and the other was indicated by the pathological evidence of involvement or metastasis. In 2009, Klaus et al[24] con�rmed for the �rst
time that a patient with AE had regional lymph node involvement. Subsequently, some cases were gradually reported, but all lacked data
regarding the incidence and long-term follow-up conclusions[7, 8, 12, 13, 25] (Table 2). In 2018, a retrospective analysis[26] of 46 patients in this
center found that 7 patients had AE lymph node involvement and proposed that lymph node involvement was not associated with recurrent
disease. The incidence of infected lymph nodes in that study was comparable to that in our study (16.28% vs 18.90%), and the conclusions were
basically consistent, but we observed the patients over a longer period. In contrast, the descriptions of lymph node invasion and metastasis in
other studies were ambiguous[7, 12, 13]. However, some animal experiments have also proven the existence of lymph node invasion[27, 28].
Currently, this study is the largest cohort study with the longest follow-up duration of AE regional lymph node resection. Based on the clinical
results of 127 patients, there was no difference between in�ammatory enlargement of the regional lymph nodes and AE invasion, which were
not related to long-term mortality or recurrence rate. However, it is worth noting that resection is the most ethical and effective treatment for
enlarged lymph nodes found before and during surgery. Since lymphatic spread has been described, routine removal of regional lymph nodes
has been suggested as a curative approach to avoid incomplete resections and reduce the risk of persistent infection.

The hepatoduodenal ligament lymph nodes are still the most commonly affected, followed by the perigallbladder lymph nodes, celiac lymph
nodes, mesenteric lymph nodes, and retropancreatic lymph nodes. Lymph node involvement and the in�ammatory enlargement of lymph nodes
have different localizations. The main reason is that celiac lymph nodes and retropancreatic lymph nodes are important features of invasion.
We infer that advanced AE can cross the hilar lymph nodes and directly invade the retropancreatic and abdominal lymph nodes. The
hepatoduodenal ligament lymph nodes often act as sentinels to re�ect AE in�ammatory activity. The enlargement of the perigallbladder lymph
nodes is closely related to rich lymphatics. AE lesions involving the gallbladder are rare because of the thick wall of the gallbladder. In addition,
infected mesenteric and abdominal lymph nodes may form from repeated stimulation of the worm components that escape from the surface of
the liver AE lesion. From an anatomical perspective[29], lymphatic �uid passes through hepatocytes in Disse’s space to the sublobular and
super�cial lymphatic vessels and then to the liver capsule, sublobular region, or into the lymph vessels that lead to the inferior vena cava.
Approximately 80% of the hepatic lymph �uid is drained by the portal lymphatic vessels, and the rest �ows through the coeliac region, with a
small amount reaching the peritoneum and entering the thoracic duct. This is consistent with the distribution probability of our lymph nodes. We
speculated that AE can go undetected in the lymph �uid and then colonize the lymph nodes to form lesions. Enlarged in�ammatory lymph
nodes are only the aggregated effects of in�ammatory cells and cytokines. Distant lymph nodes should be above the diaphragm and below the
umbilical plane, and it is reasonable to de�ne them as metastases (M1)[30-32].

CT evaluation can better detect lymph node in�ammation than lymph node invasion, which may be related to the larger diameter, larger number,
and atypical location of lymph node invasion. We do not recommend lymph node biopsy. If the liver does not have a large primary AE lesion
(diameter≥3 cm), the prognosis of the enlarged lymph node and lymph node invasion is also optimistic, and the probability of recurrence or
death is very low. If lymph node metastasis is suspected, and puncture should be performed cautiously. EUS-FNA is a good diagnostic tool, but it
should be used when the diagnosis is unclear and the patient is from a nonendemic area[8, 25]. Pathological diagnosis is the gold standard. AE
in lymph nodes has typical characteristics after HE staining and PAS staining and is very easy for pathologists to diagnose in endemic areas.
Combining serum AE IgG antibodies and imaging results is highly useful for diagnosis. New recombinant antibodies, such as Em2 and Em18,
are helpful for the diagnosis of AE lymph node invasion, but they are di�cult to obtain through commercial channels, and they are also
expensive and not suitable for large-scale clinical use. PET has some value in the diagnosis of AE, but it is expensive and imparts great
economic pressure on infected individuals in pastoral areas.

Lymph nodes are often an important raw material for studying in�ammatory responses, and AE is a chronic in�ammation process in response
to parasites and hosts. Our study found that a large number of in�ammatory cells accumulated on the side of the AE lesion in the lymph nodes,
and these cells directly or indirectly participated in the process of chronic in�ammation and �brosis. AE in�ammation is similar in liver lesions
and lymph nodes and provides a basis for in vitro experiments or animal experiments[33-35].

From our long-term follow-up observations, we found that the recurrence rate and mortality were very low, and there was no difference between
lymph node invasion and in�ammatory lymph node enlargement. Thus, the treatment guidelines should not recommend regional lymph node
resection. If a simple in�ammatory enlarged lymph node is found during surgery away from the liver AE lesions, it may not be removed. Lymph
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node invasion should be considered a possibility if the lymph nodes are close to the liver AE lesions, a high number (≥3) are present, a large
diameter (≥2.5 cm) is observed, the location is special, etc., and lymph node resection is strongly recommended. Some lymph nodes are located
in the hepatoduodenal ligament, around the gallbladder, etc. Although in�ammatory reactions are considered empirically, for the convenience of
anatomical exposure and liver resection, lymph node resection is recommended. Lymphadenectomy should not be performed for conditions that
imitate AE like gastric cancer, pancreatic cancer, or hilar cholangiocarcinoma. The removal of excess normal lymph nodes is not bene�cial for
long-term outcomes and increases the operative time and risk of surgery. The PNM criteria of the WHO-IWGE for lymph node grouping should be
revised. The �rst revision should distinguish “involvement” as invasion and in�ammatory enlargement (N1), and the second revision should
de�ne "distant" as the liver hilar and coeliac region, above the diaphragm and below the umbilicus (M1). The corresponding treatment should be
administered more cautiously. Finally, because AE has a low probability of lymph node invasion, the disease progresses slowly, and it is di�cult
to carry out randomized clinical trials; however, we have already started this di�cult task. More research is needed to understand the secrets of
lymph node invasion, which will provide ideas for elucidating the chronic in�ammation mechanism and furthering drug development for AE.

Conclusions
Lymph node diameter, number, and distance from the liver were important characteristics for describing lymph node invasion. There was no
difference in the long-term e�cacy of lymphadenectomy between patients with lymph node enlargement and those with invasion.
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Table 1. Comparison of the clinicopathological factors between patients with and without lymph node changes.
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Category Group A, n=103 Group B, n=24 P

Age 37.9±11.7 37.2±11.3 0.79

Body mass index 22.0±3.1 21.8±3.29 0.78

Sex      

Male 50 (48.5%) 11 (45.8%) 0.81

Female 53 (51.5%) 13 (54.2%)

Preoperative CT evaluation      

  Negative 58 (56.3%) 7 (29.2%) 0.017

  Positive 45 (43.7%) 17 (70.8%)

Lymph node diameter 1.8±0.9 2.5±1.1 0.004

Number of lymph nodes      

  One 63 (61.2%) 8 (33.3%) 0.035

  Two 19 (18.4%) 6 (25.0%)

  Multiple 21 (20.4%) 10 (41.7%)

Lymph node location      

  Hepatoduodenal ligament 70 (68.0%) 14 (58.3%) 0.001

  Perigallbladder lymph nodes 25 (24.3%) 1 (4.2%)

  Mesenteric lymph nodes 3 (2.9%) 2 (8.3%)

  Celiac lymph nodes 3 (2.9%) 4 (16.7%)

  Retropancreatic lymph nodes 2 (1.9%) 3 (12.5%)

Liver lesion diameter 11.9±4.2 12.5±4.3 0.53

Liver lesion number      

  One 51 (49.5%) 11 (45.8%) 0.64

  Two 14 (13.6%) 2 (8.3%)

  Multiple 38 (36.9%) 11 (45.8%)

PNM stage      

  P1-2N1-2M0 2 (1.6%) 0 0.36

  P3N0M0 42 (40.8%) 7 (29.2%)

  P3N1M0 5 (4.9%) 0

  P4N0M0 21 (20.4%) 3 (12.5%)

  P4N1M0 28 (27.2%) 12 (50.0%)

  P4N1M1 5 (4.9%) 2 (8.3%)

Portal vein invasion      

  Absent 62 (60.2%) 14 (58.3%) 0.87

  Present 41 (39.8%) 10 (41.7%)

Inferior vena cava invasion      

  Absent 61 (59.2%) 15 (62.5%) 0.77

  Present 42 (40.8%) 9 (37.5%)

Hepatic vein invasion      

  Absent 66 (64.1%) 14 (58.3%) 0.60
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  Present 37 (35.9%) 10 (41.7%)

Intrahepatic bile duct invasion      

  Absent 69 (67.0%) 13 (54.2%) 0.24

  Present 34 (33.0%) 11 (45.8%)

Clavien-Dindo complications      

  None 76 (73.8%) 16 (66.7%) 0.75

  I-II 8 (7.8%) 2 (8.3%)

  III 19 (18.4%) 6 (25.0%)

Follow-up duration in months 31 (8-130) 26.5 (7-95) 0.13

 

 

Table 2. An overview of the related literature from 2009 to 2019 obtained from PubMed with the keywords "echinococcosis" and "lymph node"
(including this study).
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Year First author N* n
(n/N×100%)#

Time Lymph nodes
description

Remarks [Ref] Journal Region/Country

2009 Klaus
Buttenschoen

1 1 None Lymph node
infested by E.
multilocularis
with a central
necrotic zone

Positron emission
tomography (PET-CT),
hematoxylin-eosin
(HE) staining and
periodic acid-Schiff
(PAS) stain

Langenbecks
Arch Surg

Ulm/Germany

2011 Norio
Kawamura

188 7 (3.72%) 1984
to
2009

Lymph node
metastasis, 3
cases of lymph
node resection

In the complete
resection group, the
10-, 15-, and 20-year
PFS rates were 96.5%,
94.4%, and 94.4%,
respectively.

J Am Coll
Surg

Norio
Kawamura/Japan

2012 Thomas F. E.
Barth

49 3 (6.12%) -1989 Two cases of
regional lymph
node
involvement
and 1 case of
retropancreatic
lymph node
involvement,
regional lymph
nodes with
fragments of
the laminated
layer of
E.multilocularis

Immunohistochemistry
with the mAb Em2G11
was a new, highly
speci�c and sensitive
diagnostic tool.

PLoS Negl
Trop Dis

Ulm/Germany

2014 Irfan Eser 367 1 (0.27%) 2005
to
2012

Hydatid cyst,
cervical lymph
node
involvement

Unusual locations of
the hydatic cysts from
51 patients.

Ann Ital Chir Sanliurfa/Turkey

2018 Kentaro
Moriichi

1 1 None A 20 mm
necrotic lymph
node in the
hepatoduodenal
ligament,
alveolar
echinococcosis
extending to the
lymph nodes

Endoscopic US-guided
�ne-needle aspiration
(EUS-FNA) for lymph
nodes; a multilobular
lesion in the right lobe
of the liver (segment
�ve) .

Endosc
Ultrasound

Asahikawa/Japan

2018 Andreas
Hillenbrand

43 7 (16.28%) 2000
to
2017

Infected lymph
nodes (laminar
layer visible,
Em2G11 (+), HE
and PAS (+)

7 cases of no
recurrence, 4 years for
patients with infected
lymph nodes.

Langenbecks
Arch Surg

Ulm/Germany

2018 Takahiro
Amano

1 1 None Retrospectively,
a part of
Echinococcus
was founded in
the
peripancreatic
lymph node
specimens

An asymptomatic 17-
mm liver mass was
slightly enlarged for 5
years, and an
abnormal
peripancreatic lymph
nodes were biopsied
by EUS-FNA.

Case Rep
Gastroenterol

Toyonaka/Japan

2020 This study 421 127
(30.16%)

2009
to
2019

Lymph node
enlargement in
103 patients
and lymph node
invasion in 24
patients
(18.90%)

Hematoxylin-eosin
(HE) staining and
periodic acid-Schiff
(PAS) stain.

This study XXX/XXX

 

Notes: N*, All echinococcosis patients; n, refers to patients with lymph node changes and resection who were con�rmed to have pathological
changes in their lymph nodes.
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Figures

Figure 1

Flow chart of the study design.

Figure 2
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Preoperative computed tomography evaluation of lymph nodes and intraoperative pathological �ndings. Notes: A. B. C Preoperative computed
tomography evaluations revealed abnormal lymph nodes near the hepatoduodenal ligament (white arrow). D, E, F Abnormal lymph nodes (blue
arrows) were found during surgery. The lymph nodes in Figure D were enlarged and soft (group A). Those in E and F were hard and close to the
AE lesions in the liver, suggesting lymph node invasion (group B).

Figure 3

Pathological characteristics of lymph node echinococcosis changes. Notes: Panel A was an approximately 2.54 cm×1.25 cm enlarged lymph
node found during the operation. Panel B shows granulomatous in�ammation of the lymph nodes and a large amount of necrotic material in
the lymph nodes (3.10 cm×1.50 cm). Panel C shows a large number of necrotic �brous tissues in the late stages of AE lymph node invasion
(4.20 cm×3.10 cm). PAS staining: Panel D shows a large number of in�ammatory cells in the lymph nodes, without worms (D, X100; d, X400);
Panels E and F show AE hydatid fragments in the lymph nodes, and the red matrix staining of polysaccharide components was obvious, which
was helpful for the diagnosis of lymph node invasion (E/F, X100; e/f, X400).

Figure 4

The disease-free survival and overall survival rates related to AE with lymph node invasion. Notes Kaplan–Meier plots of disease-free survival
(DFS, �gure A) and overall survival (OS, �gure B) of 127 patients with AE lymph node changes, strati�ed by the expression of lymph node
invasion. The survival data were analyzed by the Kaplan−Meier method and log-rank test. There were no signi�cant differences between group A
and group B in DFS and OS (p=0.525 and p=0.582, respectively).
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