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S1. Data and Network Modelling
S1.1. Network Construction
In this work, we take a new angle to investigate the critical conditions and behaviors, in which disturbance of liver function are aggravated, of the three states, chronic hepatitis B (CHB), liver cirrhosis (LC) and hepatocellular carcinoma (HCC), by employing the network theory. We collected 119 patients with mild or moderate CHB stage, 175 patients with LC in the compensated (10%, that is, 17 patients are in the Compensated stage.) or decompensated (90%, where 148 patients are in Child class B, 10 patients are in class C) phase without hepatic encephalopathy and 98 patients who have HCC without metastasis (The data is listed in training set of Data in Brief). There were six essential clinical trials taken by patients when they first came to the hospital. The tests include complete blood count test, hepatitis B serologic test, HBV DNA quantitative detection (HBV DNA), liver function test, blood clotting tests and alpha-fetoprotein (AFP) tumor marker test. A complete blood count is a group of several tests used to assess people overall health and detect a variety of diseases and disorder, such as infections, anaemia and leukaemia. Red blood cell (RBC) count and haemoglobin (HGB) indicate the ability of red cells in blood to carry oxygen; white blood cell (WBC) count reflects whether the body has a virus infection; platelet (PLT) count is related to coagulation function. Accordingly, patients’ general health status is evaluated, so we only take these four parameters into account. Moreover, hepatitis B serologic test includes hepatitis B surface antigen (HBsAg), hepatitis B surface antibody (HBsAb), hepatitis B e-antigen (HBeAg), hepatitis B e-antibody (HBeAb) and hepatitis B core antibody (HBcAb). It is used together with HBV DNA quantitive detection (HBV DNA) to diagnose hepatitis B virus (HBV) infection. Because the patients we collected had already been infected with HBV and their results of HBcAb are positive, HBcAb has no relation with other tests, so we don’t analyze it. Once hepatitis B serologic test is positive, patients must detect aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT), which are quantify the severity of liver inflammation. As we know, a liver has more than 500 vital functions, such as the production of certain proteins for blood plasma, production of cholesterol (CHOL) and special proteins to help carry fats through the body, regulating blood clotting and so on. Total bilirubin (TBIL), direct bilirubin (DBIL) and indirect bilirubin (IDBIL) are always used to reflect clearance of bilirubin; the concentrations of total protein (TP), albumin (ALB), and globulins (GLB) in the blood are testing the liver’s ability to synthesize protein; prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time (TT) and fibrinogen (FIB), which belong to coagulation tests, measure how long blood takes to clot. The last medical test, alpha-fetoprotein tumor marker, helps confirm or rule out a diagnosis of liver cancer since increased amounts of AFP are usually found in many people with HCC. Specifically, only 25 imperative items are considered in this article and divided each item into different levels according to diagnostic criteria treatment guidelines for liver diseases [1-3], and the Child-Pugh score [4, 5] (Table S1). Assuming all patients we collected are in stable states.






























Table S1: The levels of 25 items from 6 medical tests
	Levels

Items
	1
	2
	3
	4

	RBC
	4.5 ∼ 5.74 * [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>12</mn></msup></mstyle></math>"}]/L
	4 〜 4.5 *[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>12</mn></msup></mstyle></math>"}]/L
	3 〜4 * [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>12</mn></msup></mstyle></math>"}]/L
	<3* [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>12</mn></msup></mstyle></math>"}]/L

	HGB
	120 〜182 g/L
	100 〜120 g/L
	80 〜100 g/L
	< 80 g/L

	PLT
	100 〜300 * 109/L
	70 〜100 * 109/L
	40 〜70 * 109/L
	< 40* 109/L

	WBC
	4-10* [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>9</mn></msup></mstyle></math>"}]/L
	2 〜4 * [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>9</mn></msup></mstyle></math>"}]/L
	<2* [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>9</mn></msup></mstyle></math>"}]/L
	>10* [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>9</mn></msup></mstyle></math>"}]/L

	HBsAg
	Negative
	Positive
	
	

	HBsAb
	Negative
	Positive
	
	

	HBeAg
	Negative
	Positive
	
	

	HBeAb
	Negative
	Positive
	
	

	HBV DNA
	< 1000 IU/mL
	1000 〜[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>5</mn></msup></mstyle></math>"}] IU/mL
	[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>5</mn></msup></mstyle></math>"}]〜[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>7</mn></msup></mstyle></math>"}] IU/mL
	> [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msup><mn>10</mn><mn>7</mn></msup></mstyle></math>"}] IU/mL

	AST
	0-40 U/L
	40 〜100 U/L
	100 〜400 U/L
	> 400 U/L

	ALT
	0-40 U/L
	40 〜100 U/L
	100 〜400 U/L
	> 400 U/L

	ALP
	36 〜110 U/L
	110 〜125 U/L
	125 〜200 U/L
	> 200 U/L

	GGT
	0-60 U/L
	60 〜150 U/L
	150 〜200 U/L
	> 200 U/L

	CHOL
	3.1 〜5.69 mmol/L
	> 5.69 mmol/L
	2.4 〜3.1 mmol/L
	< 2.4 mmol/L

	TBIL
	0 〜20.5 umol/L
	20.5 〜34 umol/L
	34 〜51 umol/L
	> 51 umol/L

	DBIL
	0 〜3.4 umol/L
	3.4 〜8 umol/L
	8 〜11 umol/L
	> 11 umol/L

	IDBIL
	0 〜17.1 umol/L
	17.1 〜34.2 umol/L
	34.2 〜51.3 umol/L
	> 51.3 umol/L

	TP
	65 〜85 g/L
	60 〜65 g/L
	50 〜60 g/L
	< 50 g/L

	ALB
	40 〜55 g/L
	35 〜40 g/L
	28 〜35 g/L
	< 28 g/L

	GLB
	20 〜40 g/L
	< 20 g/L
	> 40 g/L
	

	PT
	11 - 14 s
	14 〜17 s
	17 〜20 s
	> 20 s

	APTT
	28 〜43.5 s
	< 28 s
	43.5 〜53.5 s
	> 53.5 s

	TT
	14 〜21 s
	21 〜22 s
	22 〜23 s
	> 23 s

	FIB
	2.00 〜4.00 g/L
	> 4 g/L
	1.5 〜2 g/L
	< 1-5 g/L

	AFP
	0 〜7 ng/mL
	7 〜200 ng/mL
	200 〜400 ng/mL
	> 400ng/mL







































Based on the above table S1, the data converts to 2 or 4 values and then the correlation coefficient between two test components [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mfenced><mrow><msub><mi>x</mi><mrow><mi>i</mi><mo>,</mo><mo>&#xA0;</mo><mo>&#xA0;</mo></mrow></msub><msub><mi>x</mi><mi>j</mi></msub></mrow></mfenced></mstyle></math>"}] is calculated by
[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>&#x3C1;</mi><mfenced><mrow><msub><mi>x</mi><mi>i</mi></msub><mo>,</mo><mo>&#xA0;</mo><msub><mi>x</mi><mi>j</mi></msub></mrow></mfenced><mo>=</mo><mfrac><mrow><mi>c</mi><mi>o</mi><mi>v</mi><mfenced><mrow><msub><mi>x</mi><mrow><mi>i</mi><mo>,</mo></mrow></msub><mo>&#xA0;</mo><msub><mi>x</mi><mi>j</mi></msub></mrow></mfenced></mrow><mrow><msub><mi>&#x3C3;</mi><msub><mi>x</mi><mi>i</mi></msub></msub><msub><mi>&#x3C3;</mi><msub><mi>x</mi><mi>j</mi></msub></msub></mrow></mfrac></mstyle></math>"}],
where [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>c</mi><mi>o</mi><mi>v</mi><mo>(</mo><msub><mi>x</mi><mi>i</mi></msub><mo>,</mo><msub><mi>x</mi><mi>j</mi></msub><mo>)</mo></mstyle></math>"}]is the covariance between [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>x</mi><mi>i</mi></msub></mstyle></math>"}] and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>x</mi><mi>j</mi></msub></mstyle></math>"}], [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>&#x3C3;</mi><msub><mi>x</mi><mi>i</mi></msub></msub></mstyle></math>"}] and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>&#x3C3;</mi><msub><mi>x</mi><mi>j</mi></msub></msub></mstyle></math>"}] are the standard deviations of [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>x</mi><mi>i</mi></msub></mstyle></math>"}] and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>x</mi><mi>j</mi></msub></mstyle></math>"}] , separately. Therefore, the adjacency matrices follow
[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>A</mi><mrow><mi>i</mi><mi>j</mi></mrow></msub><mo>=</mo><mfenced open=\"{\" close=\"\"><mtable columnalign=\"left\"><mtr><mtd><mn>1</mn><mo>,</mo><mo>&#xA0;</mo><mrow><mi>i</mi><mi>f</mi><mo>&#xA0;</mo><mi>&#x3C1;</mi><mfenced><mrow><msub><mi>x</mi><mi>i</mi></msub><mo>,</mo><mo>&#xA0;</mo><msub><mi>x</mi><mi>j</mi></msub></mrow></mfenced><mo>&#x2265;</mo><mn>0</mn><mo>.</mo><mn>25</mn><mo>,</mo></mrow></mtd></mtr><mtr><mtd><mn>0</mn><mo>,</mo><mo>&#xA0;</mo><mi>i</mi><mi>f</mi><mo>&#xA0;</mo><mi>&#x3C1;</mi><mfenced><mrow><msub><mi>x</mi><mi>i</mi></msub><mo>,</mo><mo>&#xA0;</mo><msub><mi>x</mi><mi>j</mi></msub></mrow></mfenced><mo>&#x2264;</mo><mn>0</mn><mo>.</mo><mn>25</mn><mo>,</mo></mtd></mtr></mtable></mfenced><mo>&#xA0;</mo></mstyle></math>"}]
and the network models of CHB, LC and HCC are built, respectively.
S1.2. Network Topology
As for topology, in the CHB state, the network has a total of 94 edges, of which 89 pairs of nodes are positively correlated and 5 pairs of nodes are negatively correlated. Its mean degree is 7.52. The average transitivity of the CHB network is 0.6114 and the average path length is 2.1533, which shows small-worldness. In the first column of figure S1, the betweenness centralities of the four items, HGB, DBIL, HBV-DNA, and ALB, are significantly higher than the others, revealing that they play a role as a bridge in the network. Meanwhile, the closeness centralities of ALB, FIB, PT and ALP are the highest 4 nodes in the network, showing that they have an influence on the other ones if they values change. In the LC network, the total number of edges decreases to 92 and an isolated node, GLB, appears. Similar to the CHB network, it also has a small-world property, since its average transitivity and the average path length are 0.7298 and 1.8961, separately. Its mean degree is 7.36. Different from the CHB network, AST, FIB, IDBIL and TBIL would have more control over the network since their betweenness exceed others. Additionally, the small-world feature also appears in the HCC network, but its average transitivity and average path length are less than the other two situations. Its mean degree is 6.24. The nodes, ALB and ALP, have the largest betweenness in the HCC condition. Therefore, with the development of patients who have a liver disease, from CHB to LC, and then to HCC, the average path length is decreasing, and the networks gradually become sparse. This is because as the disease worsens, the correlation between the items of medical tests gradually weakens and the link are losing.

[image: ]
Figure S1: The betweenness and closeness centralities of three networks. The three pictures in the first row show the betweenness of three networks, CHB, LC and HCC, separately. Only a node with non-zero betweenness appears in the pictures. The remaining pictures illustrate the closeness of three networks.

When progressing from CHB to LC state, some links in the CHB network disappear, and new ones appear in the LC network. The specific changes are shown in the table S2 and S3. In the state of CHB, since persistent inflammation leads to damage to liver cells, nine edges between three inflammation parameters, ALT, ALP and GGT, and the others exist in the CHB network. However, when the inflammation further attacks the patient’s liver, the liver gradually becomes fibrotic, and eventually, the liver’s elasticity decreases. The nine edges mentioned above no longer exist in the LC network. During the period of LC, most patients have hypersplenism which causes rapid and premature destruction of blood cells. In other words, not only senile blood cells, but many normal blood cells are also swallowed by the spleen, resulting in a decrease in all three blood cell types. Therefore, the links between the four parameters of RBC, HGB, PLT and WBC, and the others appear in the LC network. Meanwhile, due to the prolonged coagulation time and impaired synthetic function, TP and TT have a positive correlation with the others.

Table S2: The edges exist in CHB state but not in LC state.
	Edges
	Edges
	Edges
	Edges
	Edges

	RBC——WBC
	WBC——TT
	ALP——DBIL
	ALP——AFP
	DBIL——APTT

	ALB——AFP
	HGB——PLT
	ALT——ALP
	ALP——IDBIL
	GGT——TBIL

	IDBIL——ALB
	GLB——PT
	HGB——WBC
	ALT——IDBIL
	ALP——ALB

	GGT——DBIL
	IDBIL——APTT
	GLB—— APTT
	HGB——HBsAg
	ALT——ALB

	ALP——PT
	GGT——ALB
	IDBIL——AFP
	GLB——TT
	HGB——ALT

	ALP——TBIL
	ALP——FIB
	TBIL——APTT
	ALB——GLB
	PT——AFP

	CHOL——IDBIL
	
	
	
	



Table S3: The edges exist in LC state but not in CHB state.
	Edges
	Edges
	Edges
	Edges

	RBC——CHOL
	RBC——TBIL
	RBC——DBIL
	RBC——TP

	RBC——ALB
	RBC——APTT
	RBC——FIB
	HGB —— TP

	HGB——ALB
	HGB —— APTT
	PLT——APTT
	CHOL——TBIL

	WBC——CHOL
	WBC——PT
	WBC——APTT
	HBeAg——AST

	HBeAg——AFP
	AST——TT
	ALT——TT
	DBIL——TT

	HBV DNA——GGT
	HBV DNA——TBIL
	HBV DNA——ALB
	HBV DNA——AFP

	IDBIL——FIB
	TP——PT
	TP——FIB
	TT——AFP



Table S4: The edges exist in LC state but not in HCC state.
	Edges
	Edges
	Edges
	Edges

	HGB——APTT
	PLT——TBIL
	PLT——DBIL
	PLT——APTT

	WBC——APTT
	HBeAg——HBV DNA
	HBeAg——AST
	HBeAg——AFP

	HBV DNA——GGT
	HBV DNA——TBIL
	HBV DNA——DBIL
	HBV DNA——ALB

	HBV DNA——AFP
	AST——IDBIL
	AST——TT
	ALT——TB IL

	ALT——DBIL
	ALT——TT
	ALT——AFP
	GGT——AFP

	CHOL——TBIL
	CHOL——DBIL
	CHOL——APTT
	TBIL——TT

	TBIL——AFP
	DBIL——ALB
	DBIL——TT
	DBIL——FIB

	DBIL——AFP
	IDBIL——TT
	ALB——TT
	PT——TT

	TT——FIB
	TT——AFP
	
	



Table S5: The edges exist in HCC state but not in LC state.
	Edges
	Edges
	Edges
	Edges

	RBC——PLT
	RBC——WBC
	HGB——PLT
	HGB——WBC

	WBC——TP
	WBC——ALB
	PLT——TP
	HBV DNA——PT

	ALT——ALP
	ALP——TBIL
	ALP——DBIL
	ALP——ALB

	ALP——AFP
	GGT——CHOL
	GGT——DBIL
	TBIL——APTT

	TP——APTT
	DBIL——APTT
	IDBIL——ALB
	IDBIL——APTT



Similarly, the edge comparisons of two network, liver cirrhosis and HCC, are list in table S4 and S5. But edges that are only found in the LC network can hardly be explained by medical knowledge. Considering in HCC state, nine links between three inflammation parameters, ALT, ALP and GGT, and the others display that the liver of a patient with HCC still have been inflamed.
S1.3. Community Structure
The community structure, which is the basic topology, generally exists in a wide diversity of networks such as information networks, social networks, and biological networks. The internal connections of the community in the network are close, often corresponding to a certain characteristic or function, while the external connections of the community are relatively sparse, that is, tight inside and loose outside. According to this feature, algorithms are designed to better catch the cluster information contained in the network, so as to deeply apprehend the entire network function and to predict nodes’ behavior.
S1.3.1. Non-overlapping Community
Based on the edge betweenness centrality, Newman defined the modularity [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>Q</mi></mstyle></math>"}] and first proposed the GN algorithm [6]. The optimal community division is obtained by maximizing the modularity [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>Q</mi></mstyle></math>"}]. To improve the performance of the algorithm, Newman proposed the FN algorithm, which treats each node in the network as a community in the beginning, then selects the community with the largest modularity to merge, thereby forming a tree graph in the process [7]. Finally, each layer of the tree corresponds to a division in the network. Similar to the GN algorithm, this algorithm also uses modularity as the condition for the algorithm to stop iterating but selects the division corresponding to the largest modularity in the tree graph as the final division of the network community. However, many networks are sparse, resulting in a large number of zeros in the adjacency matrix, the FN algorithm is very time-consuming in the process of calculating[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mo>&#x2206;</mo><mi>Q</mi></mstyle></math>"}]. Based on the idea of the greedy algorithm, Clauset directly constructed a modularity increment matrix that is stored by using a balanced binary tree and maximum heap data structure [8]. Even if a network has a large number of nodes, this algorithm can fast detect its community structure. Blondel proposed a hierarchical clustering method, the Louvain algorithm, which uses a greedy algorithm for local optimization as well [9]. It combines hierarchical clustering and modularity optimization methods to perform iterative updates to form a hierarchical clustering structure. But this algorithm is not accurate for small-scale networks.
Rosvall considered the problem of community detection from the perspective of information theory and transformed it into an information compression problem [10]. They compress the topology information contained in the graph and ensure that the compressed information is nearly lossless after decompression. The authors used mutual information to indicate the accuracy of the estimation, so that an objective function that needs to be optimized is obtained. The greater the mutual information between two nodes, the better the compression. In order to maximize mutual information, a trade-off is made between minimizing conditional information entropy and maximizing compression. But the algorithm is slow since it combined with simulated annealing. Based on similar ideas, Rosvall then proposed a new algorithm, Infomap [11]. Unlike before, the author wants to compress the walking trajectory of a random walker. The walking trajectory of a random walker in the graph can be represented by a list composed of a series of node names. When the name of each node is represented by a binary number, the length of the list is a bit. Due to the network inhomogeneity, random walkers must pass some nodes more than others, which means that the trajectory can be compressed. The authors used a more complex compression method, including the reuse of node names. Similar to the coding of place names, there may be the same city name on the map. But they will not cause confusion because they are located in a different province or territory. This is based on the optimization of the minimum description length [12]. This algorithm is one of the most effective algorithms among non-overlapping community discovery algorithms.
S1.3.2. Overlapping Community
As shown in subsection 1.3.1, algorithms for non-overlapping community detection are relatively mature. However, many real networks have communities with pervasive overlaps [13, 14], such as a protein or gene that can regulate more than one function simultaneously with different groups. Without a doubt, overlapping community detection is obviously more meaningful and closer to the real world. 
To sniff out overlapping communities and hierarchy, Ahn redefined communities as groups of links rather than nodes [15]. In contrast to methods for non-overlapping community, which has wholly fix attention on node division, link communities literally incorporate overlap as well as hierarchical organization. The core of link community detection is to apply Jaccard similarity algorithm to measure the similarity between edges. For an undirected network with [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>N</mi></mstyle></math>"}] nodes and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>M</mi></mstyle></math>"}] edges, the link similarity matrix [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>T</mi></mstyle></math>"}] between edge [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>e</mi><mrow><mi>i</mi><mi>k</mi></mrow></msub></mstyle></math>"}] and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>e</mi><mrow><mi>j</mi><mi>k</mi></mrow></msub></mstyle></math>"}] is defined as
[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>T</mi><mfenced><mrow><msub><mi>e</mi><mrow><mi>i</mi><mi>k</mi></mrow></msub><mo>,</mo><mo>&#xA0;</mo><msub><mi>e</mi><mrow><mi>j</mi><mi>k</mi></mrow></msub></mrow></mfenced><mo>=</mo><mfrac><mfenced open=\"|\" close=\"|\"><mrow><msub><mi>n</mi><mo>+</mo></msub><mfenced><mi>i</mi></mfenced><mo>&#x2229;</mo><msub><mi>n</mi><mo>+</mo></msub><mfenced><mi>j</mi></mfenced></mrow></mfenced><mfenced open=\"|\" close=\"|\"><mrow><msub><mi>n</mi><mo>+</mo></msub><mfenced><mi>i</mi></mfenced><mo>&#x222A;</mo><msub><mi>n</mi><mo>+</mo></msub><mfenced><mi>j</mi></mfenced></mrow></mfenced></mfrac></mstyle></math>"}],
where [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>n</mi><mo>+</mo></msub><mfenced><mi>i</mi></mfenced></mstyle></math>"}] and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>n</mi><mo>+</mo></msub><mfenced><mi>j</mi></mfenced></mstyle></math>"}] are the neighbors of node [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>i</mi></mstyle></math>"}] and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>j</mi></mstyle></math>"}], separately. Noted that each edge is treated as a separate link community at the beginning. The edge set [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>E</mi></mstyle></math>"}] is divided into [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>C</mi></mstyle></math>"}] subsets, that is, [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mfenced open=\"{\" close=\"}\"><mrow><msub><mi>P</mi><mn>1</mn></msub><mo>,</mo><mo>&#xA0;</mo><msub><mi>P</mi><mn>2</mn></msub><mo>,</mo><mo>&#xA0;</mo><mo>&#x2026;</mo><mo>,</mo><msub><mi>P</mi><mi>C</mi></msub></mrow></mfenced></mstyle></math>"}]. The link density, [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>D</mi><mi>c</mi></msub></mstyle></math>"}], of community [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>c</mi></mstyle></math>"}] is written as
[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>D</mi><mi>c</mi></msub><mo>=</mo><mfrac><mrow><msub><mi>m</mi><mi>c</mi></msub><mo>-</mo><mfenced><mrow><msub><mi>n</mi><mi>c</mi></msub><mo>-</mo><mn>1</mn></mrow></mfenced></mrow><mstyle displaystyle=\"true\"><mfrac bevelled=\"true\"><mrow><msub><mi>n</mi><mi>c</mi></msub><mfenced><mrow><msub><mi>n</mi><mi>c</mi></msub><mo>-</mo><mn>1</mn></mrow></mfenced></mrow><mrow><mn>2</mn><mo>-</mo><mfenced><mrow><msub><mi>n</mi><mi>c</mi></msub><mo>-</mo><mn>1</mn></mrow></mfenced></mrow></mfrac></mstyle></mfrac></mstyle></math>"}],                            (S1)
where [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>m</mi><mi>c</mi></msub></mstyle></math>"}] is the number of edges in subset, and [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>n</mi><mi>c</mi></msub><mo>=</mo><mfenced open=\"|\" close=\"|\"><mrow><mo>&#x2229;</mo><msub><mi>e</mi><mrow><mi>i</mi><mi>j</mi></mrow></msub><mo>&#x2208;</mo><msub><mi>P</mi><mi>c</mi></msub><mfenced open=\"{\" close=\"}\"><mrow><mi>i</mi><mo>,</mo><mi>j</mi></mrow></mfenced></mrow></mfenced></mstyle></math>"}] is the number of nodes that those edges attach. Then continue to merge the two most similar linked communities until Eq.(S1) satisfies the partition density [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>D</mi></mstyle></math>"}]
[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>D</mi><mo>=</mo><mfrac><mn>2</mn><mi>M</mi></mfrac><munder><mo>&#x2211;</mo><mi>c</mi></munder><mfrac><mrow><msub><mi>m</mi><mi>c</mi></msub><mo>-</mo><mfenced><mrow><msub><mi>n</mi><mi>c</mi></msub><mo>-</mo><mn>1</mn></mrow></mfenced></mrow><mstyle displaystyle=\"true\"><mfrac bevelled=\"true\"><mrow><msub><mi>n</mi><mi>c</mi></msub><mfenced><mrow><msub><mi>n</mi><mi>c</mi></msub><mo>-</mo><mn>1</mn></mrow></mfenced></mrow><mrow><mn>2</mn><mo>-</mo><mfenced><mrow><msub><mi>n</mi><mi>c</mi></msub><mo>-</mo><mn>1</mn></mrow></mfenced></mrow></mfrac></mstyle></mfrac></mstyle></math>"}].
As shown in Fig. S2, nodes, ALT, DBIL, ALB, PT and TT, belong to 3 communities in CHB state. Hence, they control three functions.

[image: ]
Figure S2: The overlapping community of three networks. The pictures in the first row show the link communities of two networks, CHB, and LC, separately. The picture in the second row shows the link communities of the HCC network. The lines in black represent the links do not belong to any community. The graphs on the right side of the networks show node overlap.
S1.4. Network Robustness
In order to compare robustness in the three networks, we employed the concept of natural connectivity [16] as a measurement, since it has the strong discrimination in measuring the network robustness and can exhibit the variation of robustness sensitively, even for disconnected networks. The idea behind this method is that the more redundant routes the network has, the more possible the connection between vertices remains in spite of damage to the network. Accordingly, Wu postulated the scaled number of closed walks of all lengths as measurement for redundancy of alternative routes [16]. Therefore, we randomly removed 1 to 15 nodes step by step for each network and calculated its natural connectivity [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>S</mi></mstyle></math>"}] by
[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>S</mi><mo>=</mo><munderover><mo>&#x2211;</mo><mrow><mi>k</mi><mo>=</mo><mn>0</mn></mrow><mo>&#x221E;</mo></munderover><mfrac><msub><mi>n</mi><mi>k</mi></msub><mrow><mi>k</mi><mo>!</mo></mrow></mfrac><mo>=</mo><munderover><mo>&#x2211;</mo><mrow><mi>k</mi><mo>=</mo><mn>0</mn></mrow><mo>&#x221E;</mo></munderover><munderover><mo>&#x2211;</mo><mrow><mi>i</mi><mo>=</mo><mn>1</mn></mrow><mi>N</mi></munderover><mfrac><msubsup><mi>&#x3BB;</mi><mi>k</mi><mi>i</mi></msubsup><mrow><mi>k</mi><mo>!</mo></mrow></mfrac><mo>=</mo><munderover><mo>&#x2211;</mo><mrow><mi>i</mi><mo>=</mo><mn>1</mn></mrow><mi>N</mi></munderover><msup><mi>e</mi><msub><mi>&#x3BB;</mi><mi>i</mi></msub></msup></mstyle></math>"}],
where [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>n</mi><mi>k</mi></msub><mo>=</mo><munderover><mo>&#x2211;</mo><mrow><mi>i</mi><mo>=</mo><mn>1</mn></mrow><mi>N</mi></munderover><msubsup><mi>&#x3BB;</mi><mi>k</mi><mi>i</mi></msubsup></mstyle></math>"}] is the number of closed walks of length [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><mi>k</mi></mstyle></math>"}]. As shown in figure S3, the nature connectivity of the three states, CHB, LC and HCC, is steadily declining with removing nodes. Moreover, no matter how many nodes removed, the natural connectivity of CHB is higher than other two networks while the line of HCC is the lowest one. Hence, CHB has the most robust network, and the HCC has the most fragile one, which is in line with medical common sense.

[image: 图表, 折线图

描述已自动生成]
Figure S3: The natural connectivity of the three networks. A certain number of nodes are randomly removed, and natural connectivity is obtained for different networks. The points in graph are the values of natural connectivity and the fitting lines represent the trend as networks are attacked.

S2. Phase Transition
S2.1. Behavioral Thresholds
S2.1.1. From CHB to LC state transition
In this subsection, we will carry out several plans as follow to simulate a situation that a patient with CHB already has liver fibrosis but has not yet reached cirrhosis and give the behavior values at the critical state.
 As shown in subsection S1.2 and figure S1, the four nodes, HGB, DBIL, HBV DNA and ALB have the largest betweenness in CHB network, revealing that they play pivotal parts in the network. Hence the first five plans investigate whether these four items are the major factors that a patient with CHB will transit to LC when they rise to the same levels.
· Plan 1: Set the value of HGB as 0.3451, that is, a patient’s HGB keeps at level 2 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 2: Set the value of DBIL as 0.2028, that is, a patient’s DBIL keeps at level 3 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 3: Set the value of HBV DNA as 0.3451, that is, a patient’s HBV DNA keep at level 2 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 4: Set the value of ALB as 0.3451, that is, a patient’s ALB keeps at level 2. Then the others’ values are obtained by solving the dynamics equation.
·  Plan 5: Set the values of HGB, DBIL, HBV DNA and ALB as 0.3451, 0.2028, 0.3451, 0.3451, respectively. Then the others’ values are obtained by solving the dynamics equation.
Because of the property of community structure, the following few plans are put forward to deduce which community’s behavior changing may cause a state transition.
· Plan 6: Set the items from the non-overlapping community 1 of the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S6: Plan six: The arrangement of the items from the non-overlapping community 1 of the CHB network.

	Items
	Mapped values
	Levels
	Items
	Mapped values
	Levels

	RBC
	0.3451
	2
	HGB
	0.3451
	2

	PLT
	0.3451
	2
	WBC
	0.3451
	2

	HBV DNA
	0.3451
	2
	AST
	0.3451
	2

	ALT
	0.3451
	2
	ALP
	0.5875
	1

	GGT
	0.5875
	1
	CHOL
	0.3451
	2

	TBIL
	0.2028
	3
	DBIL
	0.2028
	3

	IDBIL
	0.3451
	2
	TP
	0.3451
	2

	ALB
	0.3451
	2
	PT
	0.3451
	2

	APTT
	0.3451
	2
	TT
	0.3451
	2

	FIB
	0.3451
	2
	AFP
	0.5875
	1



· Plan 7: Set the items from the overlapping community 1 of the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S7: Plan seven: The arrangement of the items from the overlapping community 1 of the CHB network.
	Items
	Mapped values
	Levels

	HBV DNA
	0.3451
	2

	AST
	0.3451
	2

	ALT
	0.3451
	2

	DBIL
	0.2028
	3



· Plan 8: Set the items from the overlapping community 2 of the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S8: Plan eight: The arrangement of the items from the overlapping community 2 of the CHB network.
	Items
	Mapped values
	Levels

	ALB
	0.3451
	2

	PT
	0.3451
	2

	APTT
	0.3451
	2

	TT
	0.3451
	2



· Plan 9: Set the items from the overlapping community 3 of the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S9: Plan nine: The arrangement of the items from the overlapping community 3 of the CHB network.
	Items
	Mapped values
	Levels

	AST
	0.3451
	2

	ALT
	0.3451
	2

	ALP
	0.5875
	1

	GGT
	0.5875
	1

	TBIL
	0.2028
	3

	DBIL
	0.2028
	3

	IDBIL
	0.3451
	2

	AFP
	0.5875
	1



· Plan 10: Set the items from the overlapping community 4 of the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S10: Plan ten: The arrangement of the items from the overlapping community 4 of the CHB network.
	Items
	Mapped values
	Levels

	RBC
	0.3451
	2

	HGB
	0.3451
	2

	PLT
	0.3451
	2

	WBC
	0.3451
	2

	CHOL
	0.3451
	2

	PT
	0.3451
	2

	TT
	0.3451
	2

	FIB
	0.3451
	2



· Plan 11: Set the items from the overlapping community 5 of the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.



Table S11: Plan eleven: The arrangement of the items from the overlapping community 5 of the CHB network.
	Items
	Mapped values
	Levels
	Items
	Mapped values
	Levels

	PLT
	0.3451
	2
	ALB
	0.3451
	2

	ALP
	0.5875
	1
	PT
	0.3451
	2

	CHOL
	0.3451
	2
	APTT
	0.3451
	2

	TBIL
	0.2028
	3
	TT
	0.3451
	2

	DBIL
	0.2028
	3
	FIB
	0.3451
	2

	IDBIL
	0.3451
	2
	AFP
	0.5875
	1



Since it is hard that the test results of a patient with CHB all keep the same level as the table S6, we relax the conditions as the following plan, which has the similar trend to the plan 6.
· Plan 12: Set the items as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S12: Plan twelve: The conditions are relaxed based on the non-overlapping community 1.
	Items
	Mapped values
	Levels
	Items
	Mapped values
	Levels

	RBC
	0.3451
	2
	WBC
	0.3451
	2

	CHOL
	0.3451
	2
	TBIL
	0.2028
	3

	DBIL
	0.2028
	3
	IDBIL
	0.3451
	2

	TP
	0.3451
	2
	ALB
	0.3451
	2

	PT
	0.3451
	2
	APTT
	0.3451
	2

	FIB
	0.3451
	2
	AFP
	0.5875
	1



Noticed that, even changing the values of the items which are from more than two overlapping communities, a patient with CHB is elusive to develop to LC in the future.
S2.1.2. From LC to HCC state transition
In the same way, we will simulate a status that a cirrhotic liver has been in a precancerous state but has not yet developed into cancer and give the behavior values at the critical state.
As shown in subsection S1.2 and figure S1, the four nodes, the betweenness centrality of AST, IDBIL, TBIL and FIB are larger than the others in CHB network. Therefore, the following five plans will test whether these four items’ change cause the state transition.
· Plan 1: Set the value of AST as 0.3802, that is, a patient’s AST keeps at level 2 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 2: Set the value of IDBIL as 0.3802, that is, a patient’s IDBIL keeps at level 2 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 3: Set the value of TBIL as 0.3802, that is, a patient’s TBIL keeps at level 2 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 4: Set the value of FIB as 0.3802, that is, a patient’s FIB keeps at level 2 all the time. Then the others’ values are obtained by solving the dynamics equation.
·  Plan 5: Set the values of AST, IDBIL, TBIL and FIB as 0.3802, that is, a patient’s four items, AST, IDBIL, TBIL and FIB, all keep at level 2. Then the others’ values are obtained by solving the dynamics equation.
Next, we will consider the community structure of the LC network and observe behavioral values’ change. The specific settings are given as following tables.
· Plan 6: Set the items from the non-overlapping community 1 as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S13: Plan six: The arrangement of the items from non-overlapping community 1 of the LC network
	Items
	Mapped values
	Levels
	Items
	Mapped values
	Levels

	RBC
	0.3802
	2
	IDBIL
	0.3802
	2

	HGB
	0.6166
	1
	TP
	0.6166
	1

	PLT
	0.3802
	2
	ALB
	0.3802
	2

	WBC
	0.6166
	1
	PT
	0.3802
	2

	CHOL
	0.3802
	2
	APTT
	0.6166
	1

	TBIL
	0.3802
	2
	FIB
	0.3802
	2

	DBIL
	0.3802
	2
	
	
	



· Plan 7: Set the items from the non-overlapping community 2 of the LC network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S14: Plan seven: The arrangement of the items from non-overlapping community 2 of the LC network.
	Items
	Mapped values
	Levels

	HBV DNA
	0.6166
	1

	AST
	0.3802
	2

	ALT
	0.6166
	1

	ALP
	0.3802
	2

	GGT
	0.3802
	2

	AFP
	0.3802
	2



· Plan 8: Set the items from the overlapping community 1 of the LC network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S15: Plan eight: The arrangement of the items from the overlapping community 1 of the LC network.
	Items
	Mapped values
	Levels

	HBV DNA
	0.6166
	1

	AST
	0.3802
	2

	ALT
	0.6166
	1

	GGT
	0.3802
	2

	TBIL
	0.3802
	2

	DBIL
	0.3802
	2

	IDBIL
	0.3802
	2

	ALB
	0.3802
	2

	PT
	0.3802
	2

	FIB
	0.3802
	2

	AFP
	0.3802
	2



S2.1.3. From CHB to HCC state transition
Just as subsection S2.1.1, we will simulate a condition that a patient with chronic hepatitis skips the cirrhosis state and directly develops into precancerous lesions and give the behavior values at the critical state. With this purpose, we work out the plans based on the properties of betweenness and community structure.
· Plan 1: Set the value of HGB as 0.3451, that is, a patient’s HGB keeps at level 2 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 2: Set the value of DBIL as 0.2028, that is, a patient’s DBIL keeps at level 3 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 3: Set the value of HBV DNA as 0.5875, that is, a patient’s HBV DNA keep at level 1 all the time. Then the others’ values are obtained by solving the dynamics equation.
· Plan 4: Set the value of ALB as 0.2028, that is, a patient’s ALB keeps at level 3. Then the others’ values are obtained by solving the dynamics equation.
·  Plan 5: Set the values of HGB, DBIL, HBV DNA and ALB as 0.3451, 0.2028, 0.5875, 0.2028, respectively. Then the others’ values are obtained by solving the dynamics equation.
Next, we will consider the community structure of the CHB network and observe behavioral values’ change. The specific settings are given as following tables.
· Plan 6: Set the items from the non-overlapping community 1 of the CHB as follow. Then the others’ values are obtained by solving the dynamics equation.





Table S16: Plan six: The arrangement of the items from the non-overlapping community 1 in the CHB network.
	Items
	Mapped values
	Levels
	Items
	Mapped values
	Levels

	RBC
	0.3451
	2
	HGB
	0.3451
	2

	PLT
	0.3451
	2
	WBC
	0.3451
	2

	HBV DNA
	0.5875
	1
	AST
	0.3451
	2

	ALT
	0.5875
	1
	ALP
	0.3451
	2

	GGT
	0.3451
	2
	CHOL
	0.3451
	2

	TBIL
	0.3451
	2
	DBIL
	0.3451
	2

	IDBIL
	0.3451
	2
	TP
	0.3451
	2

	ALB
	0.3451
	2
	PT
	0.3451
	2

	APTT
	0.3451
	2
	FIB
	0.3451
	2

	AFP
	0.2028
	3
	
	
	



· Plan 7: Set the items from the overlapping community 1 in the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S17: Plan seven: The arrangement of the items from the overlapping community 1 in the CHB network.
	Items
	Mapped values
	Levels

	HBV DNA
	0.5875
	1

	AST
	0.3451
	2

	ALT
	0.5875
	1

	DBIL
	0.3451
	2



· Plan 8: Set the items from the overlapping community 2 in the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S18: Plan eight: The arrangement of the items from the overlapping community 2 in the CHB network.
	Items
	Mapped values
	Levels

	ALB
	0.3451
	2

	PT
	0.3451
	2

	APTT
	0.3451
	2



· Plan 9: Set the items from the overlapping community 3 in the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S19: Plan nine: The arrangement of the items from the overlapping community 3 in the CHB network.
	Items
	Mapped values
	Levels

	AST
	0.3451
	2

	ALT
	0.5875
	1

	ALP
	0.3451
	2

	GGT
	0.3451
	2

	TBIL
	0.3451
	2

	DBIL
	0.3451
	2

	IDBIL
	0.3451
	2

	AFP
	0.2028
	3



· Plan 10: Set the items from the overlapping community 4 in the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.








Table S20: Plan ten: The arrangement of the items from the Overlapping community 4 in the CHB network.
	Items
	Mapped values
	Levels

	RBC
	0.3451
	2

	HGB
	0.3451
	2

	PLT
	0.3451
	2

	WBC
	0.3451
	2

	CHOL
	0.3451
	2

	PT
	0.3451
	2

	FIB
	0.3451
	2



· Plan 11: Set the items from the overlapping community 5 in the CHB network as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S21: Plan eleven: The arrangement of the items from the overlapping community 5 in the CHB network.
	Items
	Mapped values
	Levels

	PLT
	0.3451
	2

	ALP
	0.3451
	2

	CHOL
	0.3451
	2

	TBIL
	0.3451
	2

	DBIL
	0.3451
	2

	IDBIL
	0.3451
	2

	ALB
	0.3451
	2

	PT
	0.3451
	2

	APTT
	0.3451
	2

	FIB
	0.3451
	2

	AFP
	0.2028
	3



Since it is not actual that the test results of a patient with CHB all keep the same level as the table S16, we relax the conditions as the following plan, which has the similar trend to the plan 6.
· Plan 12: Set the items as follow. Then the others’ values are obtained by solving the dynamics equation.

Table S22: Plan twelve: The conditions are relaxed based on the non-overlapping community 1.
	Items
	Mapped values
	Levels
	Items
	Mapped values
	Levels

	RBC
	0.3451
	2
	WBC
	0.3451
	2

	ALP
	0.3451
	2
	GGT
	0.3451
	2

	CHOL
	0.3451
	2
	IDBIL
	0.3451
	2

	TP
	0.3451
	2
	ALB
	0.3451
	2

	PT
	0.3451
	2
	APTT
	0.3451
	2

	FIB
	0.3451
	2
	AFP
	0.2028
	3



Similarly, even if the values of the items which are from any two or three overlapping communities reach the enough high levels, a patient with CHB is elusive to develop to HCC in the future.
S2.2. Critical Network Structure
As we all know, the network structure of different critical states can be inferred from its behavioral values. We only take positive correlations into account, as negative correlations, which merely affect the whole network, mainly exist between antigen and antibody. Although the mean degrees of the three critical networks are unknown, we can randomly sample them from the corresponding intervals.
S2.2.1. The critical network from CHB to LC
We randomly sampled the average degree of the network between the CHB and LC state in the interval [7.36, 7.52] since its mean degree should be no less than that of the LC network and no more than that of the CHB network. So, the average degree is 7.4046. The same edges are preserved in the critical network. The rest of edges are randomly chosen from the table S2 and S3. Then the network is built.

Table S23: Based on the non-overlapping community 1(Table S12) in the CHB network, the degree sequence of the critical network between the CHB and LC state.
	Items
	Levels
	Parameter [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>R</mi><mi>i</mi></msub></mstyle></math>"}]
	[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msubsup><mi>J</mi><mn>1</mn><mi>i</mi></msubsup><mo>&#xB7;</mo><msubsup><mi>s</mi><mi>i</mi><mo>+</mo></msubsup></mstyle></math>"}]

	RBC
	2
	0.0034
	0.4418

	HGB
	1.3232
	0.0049
	0.0969

	PLT
	1.3396
	0.0048
	0.3964

	WBC
	2
	0.0034
	0.3668

	HBsAg
	1.7592
	0.0039
	0.3115

	HBsAb
	1.2236
	0.0052
	0.0669

	HBeAg
	1.5358
	0.0044
	0.0414

	HBeAb
	1.4542
	0.0046
	0.1121

	HBV DNA
	1.7736
	0.0038
	0.4496

	AST
	1.6808
	0.004
	0.4538

	ALT
	1.7283
	0.0039
	0.3572

	ALP
	1.5434
	0.0043
	0.335

	GGT
	1.5542
	0.0043
	0.1066

	CHOL
	2
	0.0034
	0.3406

	TBIL
	3
	0.002
	0.8265

	DBIL
	3
	0.002
	0.4101

	IDBIL
	2
	0.0034
	0.5858

	TP
	2
	0.0034
	0.0531

	ALB
	2
	0.0034
	0.1894

	GLB
	1.2301
	0.0051
	0.1992

	PT
	2
	0.0034
	0.0357

	APTT
	2
	0.0034
	0.4294

	TT
	1.2593
	0.0051
	0.2203

	FIB
	2
	0.0034
	0.3129

	AFP
	1.5205
	0.0044
	0.3788



S2.2.2. The critical network from LC to HCC
We randomly sampled the average degrees of the network between the LC and HCC state in the interval [6.24, 7.36], since its mean degree should be no less than that of the HCC network and no more than that of the LC network. From subsection S2.1.2, there are two critical states between the LC and HCC state. So, the average degrees of the two networks are 6.8365 and 6.6125, separately. The same edges are preserved in the critical networks. The rest of edges are randomly chosen from the table S4 and S5. Then the networks are built.















Table S24: Based on the non-overlapping community 2(Table S14) in the LC network, the degree sequence of the critical network between the LC and HCC state.
	Items
	Levels
	Parameter [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>R</mi><mi>i</mi></msub></mstyle></math>"}]
	[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msubsup><mi>J</mi><mn>1</mn><mi>i</mi></msubsup><mo>&#xB7;</mo><msubsup><mi>s</mi><mi>i</mi><mo>+</mo></msubsup></mstyle></math>"}]

	RBC
	1.9784
	0.0031
	0.0759

	HGB
	1.7026
	0.0037
	0.2688

	PLT
	1.9768
	0.0031
	0.4512

	WBC
	1.7561
	0.0036
	0.1363

	HBeAg
	1.5449
	0.004
	0.3892

	HBeAb
	1.5912
	0.0039
	0.0376

	HBV DNA
	1
	0.0056
	0.1416

	AST
	2
	0.0031
	0.0022

	ALT
	1
	0.0056
	0.0793

	ALP
	2
	0.0031
	0.0008

	GGT
	2
	0.0031
	0.1221

	CHOL
	1.8653
	0.0034
	0.0849

	TBIL
	1.8035
	0.0035
	0.1543

	DBIL
	2.1653
	0.0028
	0.1243

	IDBIL
	1.5598
	0.004
	0.0691

	TP
	1.7858
	0.0035
	0.3417

	ALB
	1.9607
	0.0032
	0.5708

	PT
	1.9065
	0.0033
	0.5765

	APTT
	1.63
	0.0038
	0.1149

	TT
	1.4703
	0.0042
	0.2287

	FIB
	1.9106
	0.0033
	0.2305

	AFP
	2
	0.0031
	0.3387

































Table S24: Based on the overlapping community 2(Table S15) in the LC network, the degree sequence of the critical network between the LC and HCC state.
	Items
	Levels
	Parameter [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>R</mi><mi>i</mi></msub></mstyle></math>"}]
	[image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msubsup><mi>J</mi><mn>1</mn><mi>i</mi></msubsup><mo>&#xB7;</mo><msubsup><mi>s</mi><mi>i</mi><mo>+</mo></msubsup></mstyle></math>"}]

	RBC
	1.9784
	0.003
	0.5678

	HGB
	1.7026
	0.0036
	0.2484

	PLT
	1.9768
	0.003
	0.6016

	WBC
	1.7561
	0.0035
	0.0192

	HBeAg
	1.5449
	0.0039
	0.2719

	HBeAb
	1.5912
	0.0038
	0.3766

	HBV DNA
	1
	0.0055
	0.0657

	AST
	2
	0.003
	0.2262

	ALT
	1
	0.0056
	0.0688

	ALP
	1.6341
	0.0037
	0.1733

	GGT
	2
	0.0031
	0.2716

	CHOL
	1.8653
	0.0032
	0.3402

	TBIL
	2
	0.003
	0.0327

	DBIL
	2
	0.003
	0.372

	IDBIL
	2
	0.003
	0.1846

	TP
	1.7858
	0.0034
	0.1425

	ALB
	2
	0.003
	0.1633

	PT
	2
	0.003
	0.1035

	APTT
	1.63
	0.0037
	0.5154

	TT
	1.4703
	0.0041
	0.4575

	FIB
	2
	0.003
	0.552

	AFP
	2
	0.003
	0.4908



S2.2.3. The critical network from CHB to HCC
We randomly sampled the average degree of the network between the CHB and HCC state in the interval [6.24, 7.52] since its mean degree should be no less than that of the HCC network and no more than that of the CHB network. So, the average degree is 6.8064. The same edges are preserved in the critical network. The rest of edges are randomly selected from the unique edges of the two networks. Then the network is built.

























Table S24: Based on the non-overlapping community 1(Table S22) in the CHB network, the degree sequence of the critical network between the CHB and HCC state.
	Items
	Levels
	Parameter [image: {"mathml":"<math style=\"font-family:stix;font-size:16px;\" xmlns=\"http://www.w3.org/1998/Math/MathML\"><mstyle mathsize=\"16px\"><msub><mi>R</mi><mi>i</mi></msub></mstyle></math>"}]
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	RBC
	2
	0.0031
	0.1915

	HGB
	1.3232
	0.0049
	0.2706

	PLT
	1.3396
	0.0048
	0.2236

	WBC
	2
	0.0034
	0.101

	HBsAg
	1.7592
	0.0039
	0.1343

	HBsAb
	1.2236
	0.0052
	0.0412

	HBeAg
	1.5358
	0.0044
	0.249

	HBeAb
	1.4542
	0.0046
	0.2017

	HBV DNA
	1.7736
	0.0038
	0.0723

	AST
	1.6808
	0.004
	0.0595

	ALT
	1.7283
	0.0039
	0.1976

	ALP
	1.5434
	0.0043
	0.4432

	GGT
	1.5542
	0.0043
	0.269

	CHOL
	2
	0.0034
	0.016

	TBIL
	3
	0.002
	0.021

	DBIL
	3
	0.002
	0.3481

	IDBIL
	2
	0.0034
	0.2198

	TP
	2
	0.0034
	0.1863

	ALB
	2
	0.0034
	0.3852

	GLB
	1.2301
	0.0051
	0.1127

	PT
	2
	0.0034
	0.2593

	APTT
	2
	0.0034
	0.347

	TT
	1.2593
	0.0051
	0.2748

	FIB
	2
	0.0034
	0.16

	AFP
	1.5205
	0.0044
	0.5718



Compare the robustness of the critical networks with that of the three steady states, the natural connectivity of the precancerous states is all lower than the network of the CHB, LC and HCC. Moreover, no matter how many nodes removed, the natural connectivity of the network of liver fibrosis is higher than the three precancerous networks. But the line of fibrosis is decreasing sharply and then is lower than that of HCC after removing more than 3 nodes, which means that patients with fibrosis are more fragile than the patients who has HCC. Moreover, when the disease progresses to the later stage, the network of patients who develop from chronic hepatitis B to HCC is the most vulnerable.

[image: 图表
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Figure S4: The comparison of natural connectivity of the critical networks with the networks of CHB, LC and HCC. A certain number of nodes are randomly removed, and natural connectivity is obtained for different networks. The points in graph are the values of natural connectivity and the fitting lines represent the trend as networks are attacked.
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