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[Abstract]            Objective  Based on intra-set correlation analysis, this paper deconstructs the clinical medical records of traditional Chinese medicine (TCM) Master ZHOU Zhongying in treating thyroid cancer, and analyzes the experience in “mechanism-syndrome-medicine-prescription” for thyroid cancer.  Methods  Through Medcase data processing platform, based on Frequent Pattern (FP)-Growth enhanced correlation analysis algorithm, the medical records of Professor ZHOU Zhongying for the treatment of thyroid cancer from June 1, 2001 to February 28, 2015 were analyzed within the set.  Results  This study involved 43 medical records, 43 patients, and 167 visits. After processing intra-set correlations, 28 groups of highly correlated symptoms, 21 groups of highly correlated tongue images, 10 groups of highly correlated pulse conditions, 28 groups of highly correlated pathogenesis, 34 groups of highly correlated herbs, and 26 groups of highly correlated western medicine diagnosis were selected. Professor ZHOU Zhongying treats thyroid cancer according to syndrome differentiation. Symptoms with more association rules included neck swelling, neck pain, cough, and dry mouth; tongue images with more association rules included dark purple tongue, dark red tongue, and fissured tongue; pulse conditions with more association rules were wiry pulse, thready pulse, small pulse, and slippery pulse; the pathogenesis with more association rules was phlegm and blood stasis, damp-heat accumulation, and impairment of both Qi and Yin; herbs with more association rules were Chaihu (Bupleuri Radix), Zeqi (Sun Euphoribiae Herb), and Tiandong (Asparagi Radix); western medicine diagnosis with more association rules included thyroid cancer, insomnia, and chronic gastritis.  Conclusion  Thyroid cancer mostly presents as deficiency in origin and excess in manifestations. The basic pathogenesis is phlegm and blood stasis, damp-heat accumulation, and impairment of both Qi and Yin, which are closely related to liver, kidney, and spleen. Professor ZHOU Zhongying adopts both attack and supplement approaches as the general treatment principle, with a strong emphasis on regulating Qi and relieving depression, eliminating phlegm and resolving stagnation, eliminating dampness and turbidity, clearing fire and destroying poison, moistening dryness and softening hard mass, invigorating Qi and nourishing Yin, and paying attention to nourishing liver and kidney, invigorating spleen and stomach, while protecting the heart and lungs.       
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1  Introduction
Thyroid carcinoma is the most common tumor disease of the endocrine system, and can be divided into papillary carcinoma, follicular carcinoma, and medullary carcinoma, according to the pathology, 90% of which are papillary carcinoma and follicular carcinoma [1]. According to the International Agency for Research on Cancer, the incidence of thyroid cancer ranks eleventh in the world, with  586 202 new cases in 2020 [2]. It is the fifth most common cancer in women [3]. Ancient physicians thought that emotional factors were the main etiology [4], while modern medicine views that its carcinogenic mechanism is related to mitogen-activated protein kinase (MAPK) pathway, phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR) pathway, or vascular endothelial growth factor (VEGF) [5]. In terms of treatment, thyroid cancer is still mainly resected by surgery, but there are many complications after operation [1]. Traditional Chinese medicine (TCM) is effective in relieving postoperative adverse reactions and improving patients’ quality of life. Professor ZHOU Zhongying, a TCM Master, has profound attainments in Qihuang’s skills. His lofty medical ethics and superb medical skills have been widely recognized in the fields of Chinese medicine, both locally and abroad. Having more than 60 years of medical practice, he has accumulated rich and valuable experience in clinical medications, which is worth exploring and studying deeply. Therefore, through the Medcase data processing platform, a Frequent Pattern (FP) tree, constructed based on the FP-Growth enhanced correlation analysis algorithm, was used to make an intra-set correlation analysis on Professor ZHOU Zhongying’s clinical treatment of thyroid cancer, so as to better understand his clinical prescription ideas in the treatment of thyroid cancer.
2  Data and methods
2.1  Data source
The original medical records of thyroid cancer cases treated by Professor ZHOU Zhongying from June 1, 2001 to February 28, 2015 were collected.
2.2  Diagnostic criteria
(i) Western medicine diagnosis: this study refers to the guidelines for diagnosis and treatment of differentiated thyroid cancer of Chinese Society of Clinical Oncology (CSCO), with pathologic diagnosis as the gold standard. Histopathological examination carried out on the specimens showed clear pathological report of thyroid cancer [1]. (ii) TCM diagnosis: the identified lump, diagnosed as “stone gall”, is described to be hard as stone, uneven, and immovable [4].
2.3  Medical records selection criteria
2.3.1  Inclusion criteria
(i) Pathologic diagnosis following surgical operation was clearly “thyroid cancer”. (ii) TCM diagnosis accorded with “stone gall”. (iii) Complete medical records which included western medicine diagnosis, TCM diagnosis, clinical manifestations, tongue images, pulse condition, pathogenesis and/or treatment, medication, etc.
2.3.2  Exclusion criteria
(i) Medical records that were repeated, or contained uncertain information, or presented with unclear logical association. (ii) Patients with other diseases such as severe heart, brain, or kidney problems, which affect the diagnosis and treatment of thyroid cancer.
2.4  Data preprocessing
In the research process of text entry and data mining for Professor ZHOU Zhongying’s medical records in the treatment of thyroid cancer, obvious non-research data noises were found due to typographical errors, the use of wrong or different characters in data sources (such as in the records of symptoms, diagnosis, pathogenesis, treatment, herbs, physical and chemical examinations), and the presence of wrong or missing information in records of examination units or doses. Hence, traceability pretreatment was carried out for the purpose of noise reduction and optimization.
2.5  Data standardization
After pretreatment, the whole data of medical record research database were standardized according to the different types of research and analysis algorithms. Standardization of Chinese medicine terms was done according to its subset item groups: item sets of symptoms, diagnosis, and pathogenesis were standardized with reference to Internal Medicine of Traditional Chinese Medicine [6], while herb items were standardized with reference to Chinese Materia Medica [7] and Chinese Pharmacopoeia (2020 edition) [8]. The process of data standardization was carried out according to Standardization Standard of Data Mining Research on Clinical Medical Records of Traditional Chinese Medicine [9].
2.6  Data analysis
The data analysis of this study was formatted and coded by XMiner V1.0, a subsystem of Medcase Ver5.2, which is an auxiliary platform for inheriting the experience of famous old Chinese medicine practitioners [10]. Based on FP-Growth algorithm for enhanced FP tree, the formatted medical record data were first constructed into an FP tree, then frequent items were recursively mined in the FP tree. The data weight was calculated according to the text characteristics of medical records, and appropriate adjustments were made to the Support and Confidence interval. Data analysis was performed with reference to the Operational Standard for Data Analysis of Data Mining Research on Clinical Medical Records of Traditional Chinese Medicine [11]. The specific algorithm principle is displayed in Figure 1.
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Fig. 1  Principle of FP-Growth algorithm [10]
3  Results
3.1  Study baseline distribution
In this study, 43 patients with thyroid cancer met the inclusion criteria, with a total of 167 visits. Among them, there were 12 males, accounting for 27.91% of the total number, and 31 females, accounting for 72.09% of the total number (Table 1). The age range found in the study was 28 − 77 years old, and the average age of patients was (49.00 ± 13.66) years old (Table 2). A total of 198 kinds of clinical symptoms and 221 kinds of herbs were involved in this study.

Table 1  Sex distribution of medical records of thyroid cancer treated by Professor ZHOU Zhongying
	Spectrum overview
	Male
	Female
	Male/female
	Total value

	Number of cases
	12
	31
	0.3750
	43

	Proportion of cases
	0.2791
	0.7209
	—
	1.0000

	Frequency of visits
	40
	127
	0.3150
	167

	Proportion of visits
	0.2395
	0.7605
	—
	1.0000

	Average frequency of diagnosis and treatment
	3.3333
	3.9688
	—
	3.7955

	Proportion of average frequency of diagnosis and treatment
	0.8782
	1.0457
	—
	1.0000




Table 2  Age distribution of medical records of thyroid cancer treated by Professor ZHOU Zhongying
	Age group
	0 − 19
	20 − 29
	30 − 39
	40 − 49
	50 − 59
	60 − 69
	70 − 79
	Over 80

	Number
	0
	8
	43
	53
	16
	30
	17
	0

	Frequency
	0.0000
	0.0479
	0.2575
	0.3174
	0.0958
	0.1796
	0.1018
	0.0000



3.2  Curative effect evaluation of medical records
There were 43 medical cases in this study, among which 18 cases were first-time, single-visit medical records, and 25 cases were medical records of repeated visits; symptoms improvements observed at follow-up visits were recorded in 20 cases, and the rate of improvement for clinical symptoms was 80%. There were 16 long-term medical cases with more than three visits, and the improvement rate of clinical symptoms in all long-term medical cases was 100%.
3.3  Intra-set association of clinical symptoms
Of the association item set in the symptom sets, based on a Support interval greater than 0.040 0 and Confidence interval greater than 0.150 0, symptoms that generated more association rules were neck swelling (n = 4), neck pain (n = 1), cough (n = 6), dry mouth (n = 3), and poor sleep (n = 2) (Table 3 and Figure 2). Symptoms with high correlation to swollen neck were mainly cough, neck pain, dry mouth, and chest tightness; symptom with high correlation to neck pain was swollen neck; symptoms with high correlation to cough were mainly white sputum, swollen neck, chest tightness, pectoralgia, phlegm, and dry mouth; symptoms with high correlation to dry mouth were mainly poor sleep, swollen neck, and cough; symptoms with high correlation to poor sleep were the fear of cold and dry mouth. At present, thyroid cancer is mainly treated with thyroidectomy in western medicine, and patients selected for this study were no exception. Thyroidectomy could potentially damage the thyroid gland itself, the adjacent tissues and organs of neck. Therefore, in addition to neck swelling, symptoms of neck pain and cough are also evident. Depending on the different clinical classification and staging of thyroid cancer patients, treatment in western medicine may need to be supplemented by radiotherapy, targeted therapy and chemotherapy. However, these treatment methods attack and damage healthy parts of the body, causing a decrease in the immunity of patients, hence, it is easy to have symptoms of dry mouth, fear of cold, and poor sleep.
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Fig. 2  Structure diagram of association sites in symptom sets (n =  167, Support > 0.040 0, Confidence > 0.150 0)

Table 3  Association rules of item set in symptom sets (n = 167, Support > 0.040 0, Confidence > 0.150 0)
	No.
	Association
	Supp-ort
	Confi-dence
	Lift

	  1
	Swollen neck → cough
	0.0807
	0.3095
	1.6074

	  2
	Swollen neck → neck pain
	0.0745
	0.2857
	2.4209

	  3
	Swollen neck → dry mouth
	0.0497
	0.1905
	0.9294

	  4
	Swollen neck → chest tightness
	0.0435
	0.1667
	1.2780

	  5
	Neck pain → swollen neck
	0.0745
	0.6316
	2.4211

	  6
	Cough → white sputum
	0.0994
	0.5161
	5.1933

	  7
	Cough → swollen neck
	0.0807
	0.4194
	1.6077

	  8
	Cough → chest tightness
	0.0745
	0.3871
	2.9678

	  9
	Cough → pectoralgia
	0.0559
	0.2903
	2.5966

	10
	Cough → phlegm
	0.0435
	0.2258
	3.3049

	11
	Cough → dry mouth
	0.0435
	0.2258
	1.1016

	12
	Dry mouth → poor sleep
	0.0497
	0.2424
	1.5611

	13
	Dry mouth → swollen neck
	0.0497
	0.2424
	0.9292

	14
	Dry mouth → cough
	0.0435
	0.2121
	1.1016

	15
	Poor sleep → fear of cold
	0.0497
	0.3200
	3.6800

	16
	Poor sleep → dry mouth
	0.0497
	0.3200
	1.5612

	17
	Chest tightness→ cough
	0.0745
	0.5714
	2.9676

	18
	Chest tightness→ swollen neck
	0.0435
	0.3333
	1.2776

	19
	White sputum → cough
	0.0994
	1.0000
	5.1935

	20
	Belching → bloating
	0.0559
	0.6429
	7.9621

	21
	Bloating → belching
	0.0559
	0.6923
	7.9614

	22
	Weakness → fatigue
	0.0559
	0.6429
	6.9005

	23
	Fatigue → weakness
	0.0559
	0.6000
	6.9000

	24
	Pectoralgia → cough
	0.0559
	0.5000
	2.5968

	25
	Dorsalgia → lumbago
	0.0497
	0.5714
	7.0766

	26
	Lumbago → dorsalgia
	0.0497
	0.6154
	7.0771

	27
	Fear of cold → poor sleep
	0.0497
	0.5714
	3.6798

	28
	Phlegm → cough
	0.0435
	0.6364
	3.3052



3.4  Intra-set association of tongue images
Of the association item set in the tongue image sets, based on the Support interval greater than 0.030 0 and Confidence interval greater than 0.100 0, tongue images that generated relatively more association rules were dark purple tongue (n = 4), red tongue (n = 1) , dark red tongue (n = 4), and fissured tongue (n = 4) (Table 4 and Figure 3). Tongue images with high correlation to dark purple tongue included dark red tongue, yellow, thin, and greasy tongue coating, yellow greasy tongue coating, and fissured tongue; tongue images with high correlation to dark red tongue included greasy tongue coating, yellow greasy tongue coating, fissured tongue, and yellow, thin, and dark purple tongue; tongue images with high correlation to fissured tongue included dark red tongue, yellow, thin, and greasy tongue coating, yellow greasy tongue coating, and dark purple tongue. Dark purple tongue and dark red tongue reflect the pathogenesis of “blood stasis”; yellow greasy tongue coating, and yellow, thin, and greasy tongue coating reflect the pathogenesis of “dampness” and “heat”; fissured tongue reflects the pathogenesis of “Yin deficiency”. To sum up, the tongue images of thyroid cancer patients reflect the pathogenesis of blood stasis, dampness, heat, and Yin deficiency.
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Fig. 3  Structure diagram of association sites in tongue image sets (n =  167, Support > 0.030 0, Confidence > 0.100 0)

Table 4  Association rules of item set in tongue image sets (n = 167, Support > 0.030 0, Confidence > 0.100 0)
	No.
	Association
	Support
	Confidence
	Lift

	  1
	Dark purple tongue → dark red tongue
	0.1290
	0.9524
	1.1533

	  2
	Dark purple tongue → yellow, thin, and greasy tongue coating
	0.0645
	0.4762
	0.7308

	  3
	Dark purple tongue → yellow greasy tongue coating
	0.0452
	0.3333
	1.5655

	  4
	Dark purple tongue → fissured tongue
	0.0323
	0.2381
	1.4762

	  5
	Red tongue → yellow, thin, and greasy tongue coating
	0.0710
	0.8462
	1.2986

	  6
	Dark red tongue → yellow, thin, and greasy tongue coating
	0.5226
	0.6328
	0.9711

	  7
	Dark red tongue → yellow greasy tongue coating
	0.1806
	0.2188
	1.0277

	  8
	Dark red tongue → fissured tongue
	0.1419
	0.1719
	1.0658

	  9
	Dark red tongue → dark purple tongue
	0.1290
	0.1562
	1.1529

	10
	Fissured tongue → dark red tongue
	0.1419
	0.8800
	1.0656

	11
	Fissured tongue → yellow, thin, and greasy tongue coating
	0.0903
	0.5600
	0.8594

	12
	Fissured tongue → yellow greasy tongue coating
	0.0581
	0.3600
	1.6909

	13
	Fissured tongue → dark purple tongue
	0.0323
	0.2000
	1.4762

	14
	Yellow greasy tongue coating → dark red tongue
	0.1806
	0.8485
	1.0275

	15
	Yellow greasy tongue coating → fissured tongue
	0.0581
	0.2727
	1.6907

	16
	Yellow greasy tongue coating → dark purple tongue
	0.0452
	0.2121
	1.5655

	17
	Yellow, thin, and greasy tongue coating → dark red tongue
	0.5226
	0.8020
	0.9712

	18
	Yellow, thin, and greasy tongue coating → fissured tongue
	0.0903
	0.1386
	0.8593

	19
	Yellow, thin, and greasy tongue coating → red tongue
	0.0710
	0.1089
	1.2984

	20
	Yellow tongue coating → dark red tongue
	0.0710
	0.9167
	1.1101

	21
	Teeth-marked tongue → yellow, thin, and greasy tongue coating
	0.0323
	0.7143
	1.0962

	22
	Teeth-marked tongue → dark red tongue
	0.0323
	0.7143
	0.8650



3.5  Intra-set correlation of pulse conditions
Of the association item set in the pulse condition sets, based on the Support interval greater than 0.030 0 and Confidence interval greater than 0.150 0, pulse conditions that generated relatively more association rules were wiry pulse (n = 3), thready pulse (n = 2), small pulse (n = 2), and slippery pulse (n = 3) (Table 5 and Figure 4). Wiry pulse was highly correlated to slippery pulse, thready pulse, and small pulse; thready pulse was highly correlated to slippery pulse and wiry pulse; small pulse was highly correlated to slippery pulse and wiry pulse; slippery pulse was highly correlated to thready pulse, small pulse, and wiry pulse. Wiry pulse is indicative of pain, phlegm retention, deficiency-consumption, and decline in stomach Qi; thready pulse is indicative of deficiency in both Qi and blood, virtual strain, and dampness; small pulse could be indicative of either deficiency or excess; slippery pulse is indicative of phlegm retention, food stagnation, and excess heat. As seen, the pulse condition reflects that phlegm-dampness and deficiency are the main pathogenesis of thyroid cancer.
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Fig. 4  Structure diagram of association sites in pulse sets (n =  167, Support > 0.030 0, Confidence > 0.150 0)

Table 5  Association rules of item set in pulse condition sets (n =  167, Support > 0.030 0, Confidence > 0.150 0)
	No.
	Association
	Supp-ort
	Confi-dence
	Lift

	  1
	Wiry pulse → slippery pulse
	0.1569
	0.5455
	0.8103

	  2
	Wiry pulse → thready pulse
	0.1438
	0.5000
	0.6892

	  3
	Wiry pulse → small pulse
	0.1307
	0.4545
	1.9868

	  4
	Thready pulse → slippery pulse
	0.4379
	0.6036
	0.8966

	  5
	Thready pulse → wiry pulse
	0.1438
	0.1982
	0.6892

	  6
	Small pulse → slippery pulse
	0.1895
	0.8286
	1.2308

	  7
	Small pulse → wiry pulse
	0.1307
	0.5714
	1.9869

	  8
	Slippery pulse → thready pulse
	0.4379
	0.6505
	0.8966

	  9
	Slippery pulse → small pulse
	0.1895
	0.2816
	1.2310

	10
	Slippery pulse → wiry pulse
	0.1569
	0.2330
	0.8102



3.6  Intra-set association of pathogenesis
Of the association item set in the pathogenesis sets, based on the Support interval greater than 0.030 0 and Confidence interval greater than 0.140 0, pathogenesis that generated more association rules was phlegm and blood stasis (n = 4), damp-heat accumulation (n = 4), impairment of both Qi and Yin (n = 3), kidney deficiency and liver depression (n = 3), kidney deficiency and liver hyperactivity (n = 2), stagnation of liver Qi (n = 3), liver depression transforming into fire (n = 2), and poor heart Ying circulation (n = 2) (Table 6 and Figure 5). It can be seen that the pathogenesis of thyroid cancer is mostly phlegm and blood stasis, damp-heat accumulation, and impairment of both Qi and Yin. Phlegm and blood stasis binding, and internal accumulation of damp-heat are set as branch, while impairment of both Qi and Yin are considered as the root. Thyroid cancer always belongs to deficiency and excess, and the pathological viscera involved are mainly liver and kidney.
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Fig. 5  Structure diagram of association sites in pathogenesis sets (n = 167, Support > 0.030 0, Confidence > 0.140 0)

Table 6  Association rules of item set in pathogenesis sets (n = 167, Support > 0.030 0, Confidence > 0.140 0)
	No.
	Association
	Support
	Confidence
	Lift

	  1
	Phlegm and blood stasis → impairment of both Qi and Yin
	0.2317
	0.3800
	1.2464

	  2
	Phlegm and blood stasis → kidney deficiency and liver depression
	0.1829
	0.3000
	1.5375

	  3
	Phlegm and blood stasis → kidney deficiency and liver hyperactivity
	0.0976
	0.1600
	0.8747

	  4
	Phlegm and blood stasis → damp-heat accumulation
	0.0854
	0.1400
	0.8200

	  5
	Damp-heat accumulation → impairment of both Qi and Yin
	0.0854
	0.5000
	1.6400

	  6
	Damp-heat accumulation → phlegm and blood stasis
	0.0854
	0.5000
	0.8200

	  7
	Damp-heat accumulation → kidney deficiency and liver depression
	0.0732
	0.4286
	2.1966

	  8
	Damp-heat accumulation → liver depression transforming into fire
	0.0366
	0.2143
	1.5975

	  9
	Impairment of both Qi and Yin → phlegm and blood stasis
	0.2317
	0.7600
	1.2464

	10
	Impairment of both Qi and Yin → kidney deficiency and liver depression
	0.1341
	0.4400
	2.2550

	11
	Impairment of both Qi and Yin → damp-heat accumulation
	0.0854
	0.2800
	1.6400

	12
	Kidney deficiency and liver depression → phlegm and blood stasis
	0.1829
	0.9375
	1.5375

	13
	Kidney deficiency and liver depression → impairment of both Qi and Yin
	0.1341
	0.6875
	2.2550

	14
	Kidney deficiency and liver depression → damp-heat accumulation
	0.0732
	0.3750
	2.1964

	15
	Kidney deficiency and liver hyperactivity → phlegm and blood stasis
	0.0976
	0.5333
	0.8746

	16
	Kidney deficiency and liver hyperactivity → Qi stagnation and phlegm stasis
	0.0488
	0.2667
	5.4674

	17
	Stagnation of liver Qi → phlegm and blood stasis
	0.0732
	0.5455
	0.8946

	18
	Stagnation of liver Qi → coalescence of phlegm and Qi
	0.0366
	0.2727
	4.4723

	19
	Stagnation of liver Qi → impairment of both Qi and Yin
	0.0366
	0.2727
	0.8945

	20
	Liver depression transforming into fire → phlegm and blood stasis
	0.0610
	0.4545
	0.7454

	21
	Liver depression transforming into fire → damp-heat accumulation
	0.0366
	0.2727
	1.5972

	22
	Poor heart Ying circulation → impairment of both Qi and Yin
	0.0366
	0.7500
	2.4600

	23
	Poor heart Ying circulation → phlegm and blood stasis
	0.0366
	0.7500
	1.2300

	24
	Liver-kidney Yin deficiency → phlegm and blood stasis
	0.0610
	0.7143
	1.1715

	25
	Deficiency of liver and kidney → phlegm and blood stasis
	0.0488
	0.5000
	0.8200

	26
	Liver dysfunction → phlegm and blood stasis
	0.0366
	1.0000
	1.6400

	27
	Qi stagnation and phlegm stasis → kidney deficiency and liver hyperactivity
	0.0488
	1.0000
	5.4667

	28
	Coalescence of phlegm and Qi → stagnation of liver Qi
	0.0366
	0.6000
	4.4727



3.7  Intra-set association of herbs
Of the association item set in the herb sets, based on the Support interval greater than 0.300 0 and Confidence interval greater than 0.890 0, herbs that generated more association rules were Chaihu (Bupleuri Radix) (n = 1), Zeqi (Sun Euphorbia Herb) (n = 3), Tiandong (Asparagi Radix) (n = 4), Maozhuacao (Ranunculi Ternati Radix) (n = 4), Nanshashen (Adenophorae Radix) (n = 3), Beishashen (Glehniae Radix) (n = 3) (Table 7 and Figure 6). Interestingly, Chaihu (Bupleuri Radix), Zeqi (Sun Euphorbia Herb), Tiandong (Asparagi Radix), Maozhuacao (Ranunculi Ternati Radix), Nanshashen (Adenophorae Radix), Beishashen (Glehniae Radix), Shancigu (Pseudobulbus Pleiones Pseudobulbus), Baihuasheshecao (Hedyotis Diffusa), Biejia (Trionycis Carapax), Zhongjiefeng (Sarcandrae Herba), Xuanshen (Scrophulariae Radix), Xiangfu (Cyperi Rhizoma), Tiannanxing (Arisaematis Rhizoma), Maidong (Ophiopogonis Radix), Jiangcan (Bombyx Batryticatus), Yuzhizi (Akebiae Fructus) are all correlated to Xiakucao (Prunellae Spica), indicating that Xiakucao (Prunellae Spica) plays an important role in Professor ZHOU Zhongying’s treatment of thyroid cancer.
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Fig. 6  Structure diagram of association sites in herb sets (n = 167, Support > 0.300 0, Confidence > 0.890 0)

Table 7  Association rules of item set in herb sets (n = 167, Support > 0.300 0, Confidence > 0.890 0)
	No.
	Association
	Support
	Confidence
	Lift

	  1
	Chaihu (Bupleuri Radix) → Xiakucao (Prunellae Spica)
	0.4788
	0.8977
	1.0891

	  2
	Zeqi (Sun Euphorbia Herb) → Xiakucao (Prunellae Spica)
	0.4667
	0.9506
	1.1533

	  3
	Zeqi (Sun Euphorbia Herb) → Biejia (Trionycis Carapax)
	0.4424
	0.9012
	1.3897

	  4
	Zeqi (Sun Euphorbia Herb) → Jiangcan (Bombyx Batryticatus)
	0.4424
	0.9012
	1.2709

	  5
	Tiandong (Asparagi Radix) → Xiakucao (Prunellae Spica)
	0.5333
	0.9888
	1.1996

	  6
	Tiandong (Asparagi Radix) → Xuanshen (Scrophulariae Radix)
	0.5273
	0.9775
	1.5361

	  7
	Tiandong (Asparagi Radix) → Jiangcan (Bombyx Batryticatus)
	0.4909
	0.9101
	1.2835

	  8
	Tiandong (Asparagi Radix) → Biejia (Trionycis Carapax)
	0.4848
	0.8989
	1.3862

	  9
	Maozhuacao (Ranunculi Ternati Radix) → Xiakucao (Prunellae Spica)
	0.3152
	0.9630
	1.1683

	10
	Maozhuacao (Ranunculi Ternati Radix) → Biejia (Trionycis Carapax)
	0.3152
	0.9630
	1.4850

	11
	Maozhuacao (Ranunculi Ternati Radix) → Zeqi (Sun Euphorbia Herb)
	0.3030
	0.9259
	1.8861

	12
	Maozhuacao (Ranunculi Ternati Radix) → Jiangcan (Bombyx Batryticatus)
	0.3030
	0.9259
	1.3058

	13
	Nanshashen (Adenophorae Radix) → Maidong (Ophiopogonis Radix)
	0.3697
	1.0000
	1.3866

	14
	Nanshashen (Adenophorae Radix) → Beishashen (Glehniae Radix)
	0.3455
	0.9344
	2.3360

	15
	Nanshashen (Adenophorae Radix) → Xiakucao (Prunellae Spica)
	0.3333
	0.9016
	1.0939

	16
	Beishashen (Glehniae Radix) → Maidong (Ophiopogonis Radix)
	0.3879
	0.9697
	1.3445

	17
	Beishashen (Glehniae Radix) → Xiakucao (Prunellae Spica)
	0.3636
	0.9091
	1.1030

	18
	Beishashen (Glehniae Radix) → Jiangcan (Bombyx Batryticatus)
	0.3576
	0.8939
	1.2606

	19
	Shancigu (Pseudobulbus Pleiones Pseudobulbus) → Xiakucao (Prunellae Spica)
	0.5697
	0.9792
	1.1880

	20
	Shancigu (Pseudobulbus Pleiones Pseudobulbus) → Jiangcan (Bombyx Batryticatus)
	0.5333
	0.9167
	1.2928

	21
	Baihuasheshecao (Hedyotis Diffusa) → Jiangcan (Bombyx Batryticatus)
	0.3515
	0.9508
	1.3409

	22
	Baihuasheshecao (Hedyotis Diffusa) → Xiakucao (Prunellae Spica)
	0.3515
	0.9508
	1.1535

	23
	Baihuasheshecao (Hedyotis Diffusa) → Xuanshen (Scrophulariae Radix)
	0.3394
	0.9180
	1.4426

	24
	Biejia (Trionycis Carapax) → Xiakucao (Prunellae Spica)
	0.6182
	0.9533
	1.1566

	25
	Biejia (Trionycis Carapax) → Jiangcan (Bombyx Batryticatus)
	0.5818
	0.8972
	1.2653

	26
	Zhongjiefeng (Sarcandrae Herba) → Jiangcan (Bombyx Batryticatus)
	0.4303
	0.9595
	1.3531

	27
	Zhongjiefeng (Sarcandrae Herba) → Xiakucao (Prunellae Spica)
	0.4303
	0.9595
	1.1641

	28
	Zhimu (Anemarrhe Naerhizoma) → Maidong (Ophiopogonis Radix)
	0.3030
	0.9259
	1.2838

	29
	Yuzhizi (Akebiae Fructus) → Xiakucao (Prunellae Spica)
	0.3030
	1.0000
	1.2132

	30
	Xuanshen (Scrophulariae Radix) → Xiakucao (Prunellae Spica)
	0.6121
	0.9619
	1.1670

	31
	Tiannanxing (Arisaematis Rhizoma) → Xiakucao (Prunellae Spica)
	0.4970
	0.9647
	1.1704

	32
	Jiangcan (Bombyx Batryticatus) → Xiakucao (Prunellae Spica)
	0.6485
	0.9145
	1.1095

	33
	Maidong (Ophiopogonis Radix) → Xiakucao (Prunellae Spica)
	0.6424
	0.8908
	1.0808

	34
	Xiangfu (Cyperi Rhizoma) → Xiakucao (Prunellae Spica)
	0.5394
	0.8900
	1.0798



3.8  Intra-set association of western medicine diagnosis
Of the association item set in the western medicine diagnosis sets, based on the Support interval greater than 0.100 0 and Confidence interval greater than 0.100 0, western medicine diagnoses that generated more association rules were thyroid cancer (n = 7), insomnia (n = 4), chronic gastritis (n = 2), lipoma (n = 4), and reflux esophagitis (n = 4) (Table 8 and Figure 7). Chronic gastritis and reflux esophagitis both point towards the spleen and stomach, which shows that thyroid cancer is related to the spleen and stomach.
[image: xuziyuan-7.jpg]
Fig. 7  Structure diagram of association sites in western medicine diagnosis sets (n = 167, Support > 0.100 0, Confidence > 0.100 0)

Table 8  Association rules of item set in western medicine diagnosis sets (n = 167, Support > 0.100 0, Confidence > 0.100 0)
	No.
	Association
	Support
	Confidence
	Lift

	  1
	Thyroid cancer → pulmonary metastasis ofthyroid cancer
	0.1737
	0.1737
	1.0003

	  2
	Thyroid cancer → chronic gastritis
	0.1677
	0.1677
	1.0002

	  3
	Thyroid cancer → reflux esophagitis
	0.1198
	0.1198
	1.0003

	  4
	Thyroid cancer → insomnia
	0.1198
	0.1198
	1.0003

	  5
	Thyroid cancer → lobular hyperplasia
	0.1078
	0.1078
	1.0001

	  6
	Thyroid cancer → lymphatic metastasis of thyroid carcinoma
	0.1018
	0.1018
	1.0000

	  7
	Thyroid cancer → lipoma
	0.1018
	0.1018
	1.0000

	  8
	Insomnia → reflux esophagitis
	0.1198
	1.0000
	8.3500

	  9
	Insomnia → chronic gastritis
	0.1198
	1.0000
	5.9643

	10
	Insomnia → thyroid cancer
	0.1198
	1.0000
	1.0000

	11
	Insomnia → lipoma
	0.1018
	0.8500
	8.3500

	12
	Chronic gastritis → thyroid cancer
	0.1677
	1.0000
	1.0000

	13
	Chronic gastritis → reflux esophagitis
	0.1198
	0.7143
	5.9644

	14
	Chronic gastritis → insomnia
	0.1198
	0.7143
	5.9644

	15
	Chronic fastritis → lipoma
	0.1018
	0.6071
	5.9639

	16
	Lipoma → reflux esophagitis
	0.1018
	1.0000
	8.3500

	17
	Lipoma → insomnia
	0.1018
	1.0000
	8.3500

	18
	Lipoma → chronic gastritis
	0.1018
	1.0000
	5.9643

	19
	Lipoma → thyroid cancer
	0.1018
	1.0000
	1.0000

	20
	Reflux esophagitis → insomnia
	0.1198
	1.0000
	8.3500

	21
	Reflux esophagitis → chronic gastritis
	0.1198
	1.0000
	5.9643

	22
	Reflux esophagitis → thyroid cancer
	0.1198
	1.0000
	1.0000

	23
	Reflux esophagitis → lipoma
	0.1018
	0.8500
	8.3500

	24
	Pulmonary metastasis of thyroid cancer → thyroid cancer
	0.1737
	1.0000
	1.0000

	25
	Lymphatic metastasis of thyroid carcinoma → thyroid cancer
	0.1018
	1.0000
	1.0000

	26
	Lobular hyperplasia → thyroid cancer
	0.1078
	1.0000
	1.0000



4  Discussion
4.1  Etiology and pathogenesis of thyroid cancer
The number of female patients in this study is more than twice that of male patients, which coincides with the latest epidemiological investigation [12]. In terms of physiological characteristics, the thyroid gland located in the neck is closely related to Ren, liver, and kidney meridians. In TCM, women are born of liver blood; their “Tiangui” (a kind of essence) is formed by the kidneys, and their fetuses are governed by the Ren meridian. As such, the menstruation, pregnancy, and lactation phase of women are intimately associated with Ren meridian, liver, and kidney. In addition, General Records of Holy Universal Relief · Doors to Goiters and Tumors (Sheng Ji Zong Lu · Ying Liu Men, 《圣济总录 · 瘿瘤门》) [13] says that “This disease is more commonplace amongst women, because it is the women who experience more melancholy than men”. From the psychological point of view, women worry more easily than men, hence in terms of gender distribution, thyroid cancer is more likely to occur in women. TCM classifies thyroid cancer as “goiter disease”, which is similar to “stone goiter”. Professor ZHOU Zhongying perceives that pathogenesis is an important entry point to understanding diseases. According to the results of data mining, phlegm and blood stasis as well as impairment of both Qi and Yin are the most common pathogenesis of thyroid cancer. Although thyroidectomy has a good curative effect on thyroid cancer, there is a saying in the Complete Book of Ulcer Medicine (Yang Yi Da Quan, 《疡医大全》) [14] that goes, “In any sores, fractures, injuries, falls, and internal damage, there will definitely be blood stasis, hence blood stasis is one of the basic pathogenesis of thyroid cancer”. General Records of Holy Universal Relief [13] records that “It is because of the intake of sandy water which enters the pulse together with Qi, and which then stays under the neck that goiter is formed, and also because of inhabiting on the mountains that goiter results”, thus emphasizing that the occurrence of goiter is related to geographical region and diet, and that its development does not occur within a day, but over a longer period of time. In TCM, long-term diseases tend to have the characteristics of phlegm and dampness, hence phlegm is also an important pathogenesis of thyroid cancer. Surgical Authentic · Goiter and Tumor Theory (Wai Ke Zheng Zong · Ying Liu Lun, 《外科正宗 · 瘿瘤论》) [15] also states that goiter is caused by blood stasis, turbid Qi, and phlegm stagnation in the five internal organs. Following a long period of time, phlegm and blood stasis combines and stagnates within the body, giving rise to heat. LIU Hejian also pointed out that any disease of dampness pathogenesis mostly arises from heat [16]. Thus, it can be seen that dampness and heat mutually encourage the increase in each other. Phlegm and blood stasis are tangible, while heat is intangible. Intangible heat adheres to the tangible phlegm and blood stasis, and because phlegm and dampness are sticky in nature, it becomes difficult for blood stasis to dissipate quickly; phlegm, blood stasis, and heat stick together, hindering the movement of Qi, blood, and body fluids. Thyroid cancer presents as a syndrome of deficiency in origin and excess in manifestations, in which phlegm, blood stasis, heat, and other excess pathogens stagnate and cause obstruction within the body for a long time, and the body is in a state of weakness with deficiency in Qi, blood, and body fluids. Moreover, most patients with thyroid cancer give priority to western medicine surgery, radiotherapy, and chemotherapy; these treatment methods provide fast and effective results, but they invade too much, and cause evident damage to Qi and Yin, and as such, patients develop dry mouth, poor sleep, and fatigue. From the perspective of visceral syndrome differentiation, thyroid cancer is closely related to liver and kidney. From the perspective of meridian distribution, the liver meridian (also known as Foot Jueyin Meridian) travels along the throat posteriorly, and then enters the nasopharyngeal cavity, the spleen meridian (also known as Foot Taiyin Meridian) goes above the diaphragm, travels alongside the esophagus, connects with the root of the tongue, and spreads over the lower surface of the tongue, and the kidney meridian (also known as Foot Shaoyin Meridian) enters the lungs, goes along the throat, and travels alongside the root of the tongue [17]. As such, the liver, spleen, and kidney meridians all pass near the thyroid gland, and are closely related to it. From the perspective of Professor ZHOU Zhongying’s pathogenesis syndrome differentiation [18], thyroid cancer involves dampness, depression, blood stasis, phlegm, deficiency, and toxin, all of which often occur in tandem to other pathogenesis, such as the co-existence of blood stasis and heat, phlegm and blood stasis, and deficiency and excess. To sum up the above, thyroid cancer is mostly due to deficiency and excess, and its basic pathogenesis is phlegm and blood stasis, and impairment of both Qi and Yin, and is closely related to the liver, spleen, and kidney.
4.2  Prescription and medicine laws
In Professor ZHOU Zhongying’s treatment of thyroid cancer, the commonly used herbs can be grouped into two types: herbs that eliminate pathogenic factors, and herbs that strengthen the body. Taking reference to Professor ZHOU Zhongying’s ten methods of treating tumors [19], herb-pairs eliminating pathogenic factors can be used to regulate Qi and relieve depression [such as Chaihu (Bupleuri Radix) + Xiakucao (Prunellae Spica), Xiangfu (Cyperi Rhizoma) + Xiakucao (Prunellae Spica)], eliminate phlegm and resolve stagnation [Tiannanxing (Arisaematis Rhizoma) + Xiakucao (Prunellae Spica), Shancigu (Pseudobulbus Pleiones Pseudobulbus) + Xiakucao (Prunellae Spica), Shancigu (Pseudobulbus Pleiones Pseudobulbus) + Jiangcan (Bombyx Batryticatus)], eliminate dampness and turbidity [Zeqi (Sun Euphorbia Herb) + Xiakucao (Prunellae Spica), Zeqi (Sun Euphorbia Herb) + Jiangcan (Bombyx Batryticatus), Zeqi (Sun Euphorbia Herb) + Biejia (Trionycis Carapax)], clear fire and destroy poison [Baihuasheshecao (Hedyotis Diffusa) + Xuanshen (Scrophulariae Radix), Baihuasheshecao (Hedyotis Diffusa) + Xiakucao (Prunellae Spica), Baihuasheshecao (Hedyotis Diffusa) + Jiangcan (Bombyx Batryticatus)]; herb-pairs that strengthen the body are mainly used to invigorate Qi and nourish Yin [Nanshashen (Adenophorae Radix) + Xiakucao (Prunellae Spica), Nanshashen (Adenophorae Radix) + Maidong (Ophiopogonis Radix), Nanshashen (Adenophorae Radix) + Beishashen (Glehniae Radix), Beishashen (Glehniae Radix) + Xiakucao (Prunellae Spica), Beishashen (Glehniae Radix) + Maidong (Ophiopogonis Radix), Beishashen (Glehniae Radix) + Jiangcan (Bombyx Batryticatus)]. The results of many experimental studies and clinical studies showed that the Chinese herbal medicines much frequently used by Professor ZHOU Zhongying possess anti-thyroid cancer effect [19-22]. For example, Xiakucao (Prunellae Spica) exhibited multi-component, multi-target, and multi-pathway benefits in the treatment of thyroid cancer, with serine/threonine protein kinase 1 (AKT1), vascular   endothelial   growth   factor   A (VEGFA), caspase-3 (CASP3), and MYC being the important therapeutic targets [20]. Maozhuacao (Ranunculi Ternati Radix), through improving the immune function of the body, increases the killing rate of NK cells to tumor cells, and induces the production of tumor necrosis factor to treat immune-mediated tumor diseases [21]. JI et al. [22] have shown that Zhimu (Anemarrhe Naerhizoma) has an inhibitory effect on colorectal tumors. The ethanol extract of Yuzhizi (Akebiae Fructus) has anti-tumor effect on H22 cell transplanted tumor in mice [23].
Professor ZHOU Zhongying mainly prefers to use compound prescriptions, and classic prescriptions often involved in his treatment of thyroid cancer are Chaihu Shugan Powder (柴胡疏肝散) and Shashen Maidong Decoction (沙参麦冬汤). Professor ZHOU Zhongying’s prescription also incorporates the consideration of anti-cancer drugs in modern medicine. Professor ZHOU Zhongying uses medical knowledge from the past for the present, and from the West for the East. He knows how to frequently change, and applies both attack and supplement approaches. He emphasizes regulating Qi to relieve depression, eliminating phlegm and resolving stagnation, eliminating dampness and removing turbidity, clearing fire and destroying poison, moistening dryness and softening hard mass, invigorating Qi and nourishing Yin, while paying attention to nourishing the liver and kidney, invigorating the spleen and stomach, and taking into account the heart and lungs.
5  Conclusion
Professor ZHOU Zhongying treats thyroid cancer according to syndrome differentiation. The symptoms with more association rules included neck swelling, neck pain, cough and dry mouth; tongue images with more association rules included dark purple tongue, dark red tongue, and fissured tongue; pulse conditions that produced more association rules were wiry pulse, thready pulse, small pulse, and slippery pulse; the pathogenesis that produced more association rules were phlegm and blood stasis, damp-heat accumulation, and impairment of both Qi and Yin; herbs that produces more association rules were Chaihu (Bupleuri Radix), Zeqi (Sun Euphorbia Herb), and Tiandong (Asparagi Radix); western medicine diagnosis with more association rules included thyroid cancer, insomnia, and chronic gastritis. Thyroid cancer mostly presents with deficiency in origin and excess in manifestations, and its basic pathogenesis is phlegm and blood stasis, damp-heat accumulation, and impairment of Qi and Yin, and is closely related to the liver, kidney, and spleen. Professor ZHOU Zhongying uses both attack and supplement approaches as the general principle, with an emphasis on regulating Qi and relieving depression, eliminating phlegm and resolving stagnation, eliminating dampness and turbidity, clearing fire and destroying poison, moistening dryness and softening hard mass, invigorating Qi and nourishing Yin, while paying attention to nourishing the liver and kidney, invigorating the spleen and stomach, and taking into account the heart and lungs. Through data mining of the medical records by Professor ZHOU Zhongying in the treatment of thyroid cancer, this paper provides reference for the clinical prescription of Chinese medicine in the treatment of thyroid cancer, in terms of providing an in-depth analysis of master-level clinical experience and a summary of thyroid cancer-related knowledge.
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