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Background . The causes of solitary pulmonary nodule are many, but the main concern is whether the nod-
ule is benign or malignant. Because a solitary pulmonary nodule is the initial manifestation of the majority of
Jung cancer, accurate clinical and radiologic interpretation is important. Bayes’ theorem is a simple method of
combining clinical and radiologic findings to estimate the probability that a nedule in an individual patients is
malignant. We estimated the probability of malignancy of solitary pulmonary nodules with a specific combina-
tion of features by Bayesian approach.

Method : One hundred and eighty patients with solitary pulmonary nodules were identified from multi-center
analysis. The hospital records of these patients were reviewed and patient age, smoking history, original radio-
logic findings, and diagnosis of the solitary pulmonary nodules were recorded. The diagnosis of solitary pulmo-
nary nodule was established pathologically in all patients. We used to Bayes’ theorem to devise a simple scheme
for estimating the likelihood that a solitary pulmonary nodule is malignant based on radiological and clinical
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~ Estimating the likelihood of malignancy in solitary pulmonary ~

characteristics.

Results

In patients characteristics, the probability of malignancy increases with advancing age, peaking in

patients older than 66 year of age(LR : 3.64), and higher in patients with smoking history more than 46 pack

years(LR : 8.38). In radiological features, the likelihood ratios were increased with increasing size of the nodule

and nodule with lobulated or spiculated margin.

Conclusion

. In conclusion, the likelihood ratios of malignancy may improve the accuracy of the probability of

malignancy, and can be a guide of management of solitary pulmonary nedule. { Tuberculosis and Respiratory Dis-

eases 1999, 47 . 498-508)
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Table 1. Likelihood ratio form of the Bayes equation

Probability of finding or test result in subjects with malignancy

Likelihood Ratio(LR) =

Probability of finding or test result in subjects with benignity

Test’s sensitivity

~ 1-Test’s specificity

True positive fraction

- False positive fraction
Odds of cancer = Prior Odds x LR, clinical {LLRage X LRsex X LRsmoking) » SR, radiographic
(LRsize x LRmargin x LRlocation)

Odds

Probability of cancer (Pca) = ———
Odds+1

Table 2. Baseline prevalence of malignancy in solitary pulmonary nodule in Korea

No. Malignant Benign Malignant ratio( %)
7 A% 63 30 33 47.6
A" 5 58 19 39 32.8
o 55 28 27 50.9
A5s? T 60 27 33 45.0
Total 236 104 132 44.1

lated), Z&]l® ZAH(spiculated) o2 TR,
X383} 2ol BAIQle] vl £

2. Likelihood ratio & ZEe| ot HE

LYA A QA HIREE 53] 9181 Bayes
A B2 o188t} Bayesd] FZHL Table
104} o] BAe) YA - AR 49 )
¥ a0 et likelihood ratio® 73 o, o5 A
W8 Ao likelihood ratio® Z§ale} oby 7Fsne
§5=31= Aolth. Likelihood ratiod ol@l QJarz] &
Holuh AAAR A Uerg 7Ps Aol tet
o opgZEel Urrd 7Fs4e] HlE EAIS Aol
Table 49 A #A)13} Lkelihood ratio:= 180¢je]
A8 P43 Yo TR, Table 1A} 2ol
SHAMe] YA - ALY B4 ApEgad]
gk wziee}l Eojxg 3o likelihood raticE

3t
Likelihood ratio= 094 3714 7134, 1
ol A erge] sHsAdel A 09 WSS
FdE& Aehe 7ol "k ZAEd 94 e
(probability of cancer)& olv] & ngA #HZE
Aol w9 2+ 849 likelihood ratio® Fafo]
249l Az2g A mA (odds of cancer)E 8
I olg ThA] iE-g2 FAse] o} FHES AR
F Slrh.
3. 1l @™ol o wxi|(prior odds,
or likelihood ratio for overall preva-
lence of malignancy)
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Table 3. Etiology of solitary pulmonary nodules

Malignancy Adeno. ca. 45(40.5%)

Squamous cell ca. 41(36.9%)

Small cell ca. 11(8.9%)

Large cell ca. 2(1.8%)

Undifferentiated ca. 2(1.8%)

Atypical carcinoid 2(1.8%)

Others 8(7.2%) 111(61.7%)
Benign Tuberculoma 38(55% )

Aspergilloma 11(15.9%)

Organizing pneumcnia 6(8.7%)

Bronchogenic cyst 3(4.3%)

Anthracosis 1(1.4%)

Hamartoma 1(1.4%)

Others 9(13.0%) 69(38.3%)
Total 180(100%)

T oFA ol3ge oF 40% s Busta gich

-2} vete] A9 A S0 639 nyAl HEA
F 476%9 GAES nusga, 7} T4e 328
%, %= 528 50.9%, 181 o BHe 45% 2 HIl
g} odch(Table 2). HRE-E o8 EIABE HE
¢ 27 2y FZ2-e] FiE o olFEL 4% A
on, olAL 0.44/(1-0.44)F 0.78 : 19} 4dn
)7t ol ol& myA A EAe] of4 mA|E o]
£33t

4 =
1. §oI%iEl(Table 3)

A 1804 F opdB-e] 11142 61.79
Hol 694J2 38.3% ol¥rt. g Hlm
de Agel 40.5% 2 7PF BRI dHgAEY,
A ZGe] ol FHAEA A YA KolF
o] 55.1% % 7M3 ®9kx =E (aspergilloma) o]
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S
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2. Tl TIZEel YAIN - HAMMSHS S0 mE
likelihood ratio(L.R)(Table 4)

1) Exje ity B3
Gt ozt ofy Aol #ko V(LR 1.05 ¢
0.88) BAH oz oul= gIlcH(p>0.05).

Ao mE oA 7hRsAL 354 olskel A ok
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7} 3.04 2 o4 7hsdo] A FUbstalch
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Table 4. Likelihood ratios for malignancy in solitary pulmonary nodules

Probability of each parameter Likelihood ratio*
Parameters
Benign nodules Malignant nodules for malignancy
Patient’s age, yrs

<35 0.26 0.01 0.03

36-44 0.19 0.03 0.14

45-54 0.23 0.22 0.93

55-65 0.22 0.38 1.74

>66 0.11 0.39 3.64
Sex

Female 0.30 0.27 0.88

Male 0.69 0.73 1.05
Smoking history

non-smoker 0.51 0.34 0.66

smoker 0.49 0.66 1.34
Pack-yrs

1-10 0.49 0.35 0.71

11-24 0.27 0.14 0.52

25-45 0.22 0.25 1.12

>46 0.03 0.26 8.38
Diameter of nodule, cm

1.0~2 0.22 0.08 0.36

2.1~3 0.37 0.33 0.89

3.1~4 0.26 0.28 1.04

41~5 0.07 0.18 2.39

51~6 0.05 0.14 3.02
Appearance of margin

Smooth 0.65 0.31 0.47

Lobulated 0.26 0.43 1.66

Spiculated 0.09 0.26 2.90
Location of nodule

Lower 0.38 0.31 0.82

Upper/middle 0.62 0.69 1.11
Overall prevalence 0.44 0.76%

* The denominator of the likelihood ratio is omitted from the table for simplcity(eg.0.03:1}
$ Defired as . Prevaleue of malignancy/{1-prevalence of malignancy)

o] w]ske] oH4 7FsAdo] =9k (well-defined, smooth) 4] 7FzAol EkT
24e) ¥ Bl hE oMy ZFsHE BHol & (LR 047), 94t (lobulated) 0.2 Hol AL} R=A
923 A BYn mge] wWmaEe AS 3 FRo| BEA %3 4 (spiculated) ] F
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