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ABSTRACT

In this paper, we propose a method of constructing clinical knowledge with clinical concept relations and predicting diseases based
on a deep learning model to support clinical decision-making. Clinical terms in UMLS(Unified Medical Language System) and cancer-related
medical knowledge are classified into five categories. Medical related documents in Wikipedia are extracted using the classified clinical
terms. Clinical concept relations are established by matching the extracted medical related documents with the extracted clinical terms.
After deep learning using clinical knowledge, a disease is predicted based on medical terms expressed in a query. Thereafter, medical
terms related to the predicted disease are selected as an extended query for clinical document retrieval. To validate our method, we
have experimented on TREC Clinical Decision Support (CDS) and TREC Precision Medicine (PM) test collections.
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- original text

The typical symptoms of a cold include cough, runny nose,
sneezing, nasal congestion, and a sore throat, sometimes
accompanied by muscle ache, fatigue, headache, and loss
of appetite. Treatments of the common cold primarily
involve medications and other therapies for symptomatic
relief. Getting plenty of rest, drinking fluids to maintain
hydration, and gargling with warm salt water are
reasonable conservative measures.

- clinical relations established through the original text

#DISEASE(common cold) - #SYMPTOM(couph)
#DISEASE(common cold) - #SYMPTOM(runny nose)
#DISEASE(common cold) - #SYMPTOM(sneezing)
#DISEASE(common cold) - #SYMPTOM(nasal congestion)
#DISEASE(common cold) - #SYMPTOM(sore throat)
#DISEASE(common cold) - #SYMPTOM(muscle ache)
#DISEASE(common cold) - #SYMPTOM(fatigue)
#DISEASE(common cold) - #SYMPTOM(headache)
#DISEASE(common cold) - #SYMPTOM(loss of appetite)
#DISEASE(common cold) - #TREATMENT(rest)
#DISEASE(common cold) - #TREATMENT(maintain hydration)
#DISEASE(common cold) - #TREATMENT(gargling)

Fig. 2. Establishing Clinical Relations

- original text (tagged)

The typical symptoms of a #DISEASE(cold) include
#SYMPTOM(cough), #SYMPTOM(runny_nose),
#SYMPTOM(sneezing), #SYMPTOM(nasal_congestion), and a
#SYMPTOM(sore_throat).

- masked sequence

[CLS] The typical symptoms of a [MASK] include [MASKI,
#SYMPTOM(runny nose), #SYMPTOM(runny_nose),
#SYMPTOM(sneezing), #SYMPTOM(nasal_congestion), and a
#SYMPTOM(sore_throat). [SEP]

- masked token index

6,8

Fig. 3. Training Data on the Relations Between
Common Cold and Cough
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Table 1. Disease Prediction for TREC CDS 2015 Topic 2

topic 2
A 62-year-old immunosuppressed male with
query fever, cough and intranuclear inclusion
bodies in bronchoalveolar lavage
extracting

clinical terms

#SYMPTOM(fever), #SYMPTOM(cough)

proceeding of

dengue |

fever | malaria |

#SYMPTOM [ Pned
monia

i #DISEASE

K2 xll:ﬁ 01|i Al 2N
Table 4= TREC CDS A9E9 A AH} 4FZ
3 &3t Ae vudt oo F 307H«1 HAE do F
23719] AefolA Fd A 5T 4= AT 2t 8o
A S X‘«B‘r " A A5S sk 2= 70 A2
ofol diste] o]F-E &4 & 23 f71uHotel s X

No}m
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Table 4. Results of predicted disease

disease 7\ cemman ) \ Acute Topic Correct disease Predicted disease
prediction | ebola " #sYMPTOM [ bronchi
) cough | e 1 Atrial fibrillation Atrial fibrillation
s — 2 Cold Common cold
tuberc
ulosis 3 Sarcoidosis N/A
result of 4 Hypertension Hypertension
disease common cold 5 Tuberculosis N/A
prediction 6 Sarcoidosis Sarcoidosis
7 Chronic fatigue Chronic fatigue
o3t vgolct. HololA] Wel(fever), 71 (cough)olehz syndrome syndrome
Vit gol EAHE ST oi5T} WAV} 1Y &S 7 8 Dengue Dengue ferer
7)(common cold)7} Aoje} s Ao Z =22 9 Kawasaki disease Kawasaki disease
4 £ ok 10 Endometriosis Endometriosis
11 Hypothyroidism Hypothyroidism
5. Al o o7} 12 Bacterial Meningitis Meningitis
13 Epiglottitis Epiglottitis
5.1 Ed ojE AS 14 Parﬁxysm?lbr}octgrnal N/A
emoglobinuria
E Ao A= TREC Clinical Decision Support 2014, 8 o
2015 HIAE A o]8sto] AMgt AW o & WS H 15 Parcf);{)zsiﬁiioartlma Atrial fibrillation
AESIY AE AKX
Eotet. Bhgelli= TREC CDS 2014 El A, 16 Foreign Body Aspiration N/A
2AE& TREC CDS 2015 HIAE AAHE ARSIt Ho Corvical Cancer
+ description WESQ} summary TtEZ UHH, B Ao 17 precursor Cancer
A= summary HES ARSI AW AT A 74 18 Congestive Heart Failure Heart failure
2 Table 2%} £t}
]_01: 7(]-494_ OE]_L]— Bo:] % Xé@’ﬂﬂ] Oﬂ‘é‘@_}' Zl\" alq_Eﬂ & 19 Chronic Obstr.uctlve Chronic obstr.uctlve
o = Pulmonary Disease pulmonary disease
T Aoo] tisto] M 5 FIAZE & AUZ Aot o]
o] wa} o2 TREC CDSO Ho2 =] Aw<e duprt 20 Creutzfeldt-Jakob disease N/A
ksl d|=23t9=R] Agsiyn}t. A3 AIH= Table 337 21 Giardiasis Giardiasis
Ztt. 22 Aspergillosis Aspergillosis
23 Dengue Dengue fever
Table 2. Test Collection of TREC Clinical Decision Support - -
Community Acquired .
24 ; Pneumonia
# of documents | # of training queries | # of test queries Pneumonia
733.138 30 30 25 Osteomyelitis Osteomyelitis
26 Ectopic pregnancy N/A
Table 3. Disease Prediction Accuracy Ratio Using Clinical Relations 27 | Iron-Deficiency Anemia Anemia
. o . P e e —— A 28 Lyme arthritis Lyme disease
o s in disease prediction ceuracy 29 Kawasaki disease Kawasaki disease
30 23 77% 30 Elbow dislocation N/A
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Table 5. Test Collection of TREC Precision Medicine

# of training queries | # of test queries

26,968,857 80 40

# of documents

Table 6. Results on TREC CDS

LM 0.2179 0.3733 0.1863
FDUDMIIP 0.2469 0.3900 0.1847
CBNU 0.2501 0.4133 0.1971
Proposed 0.2572 0.4367 0.2306

Table 7. Results on TREC PM

C‘;ﬁfﬁ;ﬁsn infNDCG P@10 R-prec
M 0.4559 0.4658 0.3477
CCNL 0.4862 0.5947 0.3414
Proposed 0.5568 0.4921 0.4121
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