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The association of AFP, AST, ALT and Neutrophil to lymphocyte ratio for diagnosis
hepatocellular carcinoma

by Yaninee Jarratwisarutporn®, Vichuda Triratatichart!, Maneerut Mus-u-dee?
Department of Clinical Pathology and Medical Technology, National Cancer Institute’
Department of Clinical Pathology, National Cancer Institute?
Corresponding author: yanineel977@¢mail.com

Abstract Alpha-fetoprotein (AFP) is a tumor marker widely used in the diagnosis and monitoring
of hepatocellular carcinoma (HCC). However, it is not applicable to the diagnosis of HCC in all
individuals due to the possibility that some liver cancer patients may have AFP levels within
the reference range. Elevated levels of AFP have also been found in patients with other liver
diseases. Based on this limitation, our study aimed to investigate the combination of routine
blood examinations, including aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and neutrophil to lymphocyte ratio (NLR), with AFP to increase sensitivity and specificity
in diagnosing HCC compared to other liver diseases. This research is a retrospective descriptive
study. Data were collected from patients diagnosed with HCC and liver diseases, treated at
the National Cancer Institute from January 1, 2019 to December 31, 2022. Results: In total,
203 patients were included, with 96 had HCC and 107 had liver diseases. The area under the
ROC curve for HCC diagnosis of AFP, ALT, AST, and NLR were 0.77 (0.72-0.82), 0.70 (0.64-0.76),
0.62 (0.55-0.69), and 0.57 (0.51-0.64) with optimum cut-off values of 20.7 ng/mL, 26 IU/mL,
27 IU/mL and 1.724, respectively. Of all four cut-off values, AST had the highest diagnosing
sensitivity for HCC at 83.3%, but with relatively low specificity (57%). AFP had the highest
specificity for diagnosing HCC at 98.1%, but the lowest sensitivity at 55.2%. When used
together, the combination of AFP and AST showed the highest area under the ROC curve
values of 0.74 (0.68-0.79), with sensitivity at 49% and specificity at 98.1%, albeit with reduced
sensitivity compared to AFP or AST alone. In patients with AFP levels below 20 ng/mL, AST
also showed the maximum area under the ROC curve of 0.67 (0.59-0.75). In conclusion, the
HCC diagnostic values of AFP, AST, ALT, and NLR, as well as the combined correlation
analyzed from the data, demonstrate that AFP remains a good diagnostic marker for HCC.
Although it exhibits relatively low sensitivity, it has very high specificity. AST aids in increasing
sensitivity in the diagnosis of HCC. (Thai Cancer J 2023; 43: 94-106)
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VEANAZIINTT
nsivendeiuntsfneiBanssaundounds lngiiutoyaainseuuaIsaung a010uNzis Y a
FauATull 1 uns1ew 2562 - 31 furen 2565 AUAUIN ICD 10 code uziSadu (C22.0 Liver cell carcinoma)
Th¥asudniaul (B18.1 Chronic viral hepatitis B without delta-agent) ilosendisiu (D13.4 Liver benign
neoplasm), lsafuudeannueanaged (K70.3 Alcoholic cirrhosis of liver) ATEaTUT e S unsSuTes
PossaumaiTeluuyed aonfunzifauiand lauil 030/2565
NGUA2E
fuaefiunuuinisiianitussdouiannd dudtuil 1 unsiau 2562 - 31 fuau 2565 Tasunms
Mdeindunsiiugaddunselsaduriang q fUrsuzsuvadduutsszeslse (staging) Tnaldinaueives
aumulsaduuisUsemalve 35ldszuunes Barcelona Clinic Liver Cancer (BCLC)! fin1snsiadiugunanis
NasuaonanTatule e TN uarldTumsiansdennsivansusinziss AFP Aeulesisu AST, ALT
LazA1ANANYIaivedien (complete blood count; CBC) neuldsunissnuilaeiifiisuziiuvadau
$ruau 96 57w Tsasudu 9 107 518 Usznaudseh¥adusniaud 70 51 iasenisu 20 18 wazlsasuuds

ANUDANBTDR 17 518

N159LATIZA2DELHEN

mwmsﬁﬁum%q AFP 618%8nn15 Electrochemiluminescence (Cobas €801 analyzer, Roche
Diagnostics, Useinaleasuil) Aoulesldiu AST, ALT A5293LAS18R8uann1s IFCC (Cobas c501 analyzer,
Roche Diagnostics, Usgtnalgosuil) LLazmaﬁﬁmeﬁmmamyia}uENLﬁmﬁam (Complete blood count)
Tngiaieanradinszsidnidendnlusii Sysmex fu XN 3000 Uszimadiu lngdn NLR Arudnlasnisms

uuiInsianeanuuaulnlos

N5AATIEVtaYA

FIaRANlUTUNTL STATA version 14 uansaade dauideauunnsgiu (mean + SD) N3l
Toyaiin13nszauwuuUNG kaskanidAdisegu (median) wavidemialng (interquartile rang; 1QR) dmsu
foyaiifinisnszaremliund uayimsisudisuanuuandnasznintangulasld Two-sample t test, Chi-
square test 130 Mann-Whitney test 14@1 P < 0.05 1updudAgnieada Jnseinigadn (cut-off) vos
AFP, AST, ALT uag NLR fwsnsaudionsniuilaidulds (area under the curve: AUC) Tagldl receiver
operation characteristic (ROC) wagAfildiudnsziiledivudvosaiula (sensitivity) A2u81W
(specificity) AMviNuN8NaUIN (positive predictive value; PPV) wazAvinungnaay (negative predictive

value; NPV)
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pd1Aynn9adif (P<0.001) fim 62.6 uag 54.7 auaau JUreuSueaddunusseylsa Early stage 171
flgndnnu 52 11 ($esaz 54.2) Tnsfvuinfounzifadoondn 2 wuRiums $1uau 9 1o (Gegag 9.4) vun 2
9 5 WwuAlung 399U 55 918 (Sowag 57.3) vwIANINNl 5 wuRluns 99w 32 518 (Feuag 33.3) uasll
Srununnnimilafousosas 15.6 dnvazvesmedineriinusnniianie Moderately differentiated $1uau
64 578 (Sosar 66.7) 509a3u1An Well differentiated 913U 25 518 (Segaz 26) IaenuinAdsegiu NLR

vouhenzisueadaukazlsadudy q luandsiusgalidedAgnadfvaziUisussugadduiiidsegu

AFP, AST uag ALT gendngUlelsaduduqegraiifodidamneadia (P < 0.05) fauandlunisiad 1

15197 1 Clinical characteristics of the patients

Total Liver disease HCC P
(N=203) (n=107) (n=96)

Age (years)* 58.4 + 11.58 547 +11.22 62.6 + 0.58 <0.001°
Male** 122 (60.1) 55(51.4) 67 (69.8)
Female** 81 (39.9) 52 (48.6) 29 (30.2)
AFP (ng/mL)*** 4.72 (2.80-30.30) 3.52 (2.47-4.88) 31.45 (5.01-456.50) <0.001¢
AST (U/L)*** 29 (23-53) 24 (20-37) 39.5 (27.0-59.5) <0.001°¢
ALT (U/L)*** 27 (18-45) 24 (17-37) 31.5(21.5-53.5) 0.002°
NLR*** 1.79 (1.40-2.73) 1.71 (1.38-2.52) 1.95(1.43-2.78) 0.19¢
BCLC Stage**

0 (Very early stage) 10 (10.4)

A (Early stage) 52 (54.2)

B (Intermediate stage) 31 (32.3)
HCC nodules**

Single 81 (84.4)

Multiple masses 15(15.6)
Mass size**

<2cm 9(9.4)

25 55 (57.3)
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A15197 1 Clinical characteristics of the patients (§i8)

Total Liver disease HCC P
(N=203) (n=107) (n=96)
>5cm 32 (33.3)
Cell grade**
Well differentiated 25 (26.0)
Moderately differentiated 64 (66.7)
Poorly differentiated 7(7.3)

*Data express as mean+SD, **Data express as number (%), ***Data express as median (IOR)
ap-value for comparison of mean of characteristic between group (Two-sample t test)

bP-value for comparison of proportion of characteristics between group (Chi-square test)

P-value for comparison of median of characteristics between group (Mann-Whitney two-statistic)

BCLC =Barcelona Clinic Liver Cancer

HudilFidulds ROC lunistredfadeusiSavadiuvas AFP AST ALT uas NLR u1nnda 0.5
éﬂ’mmﬂugﬂmwﬁ 1 niuildidulds ROC 13U AFP, AST, ALT uae NLR 9 0.77 (0.72-0.82), 0.70
(0.64- 0.76), 0.62 (0.55-0.69) waz 0.57 (0.51-0.64) ﬁwﬁhﬁ;mﬁmﬁmmzamﬁ 20.7 ng/mL, 26 U/mL, 27
U/mL uag 1.724 aadidy Ssiiufiliidulds ROC vas AFP flaada 20.7 ng/mL dwidun1sideildvindy

fRAvad AFP 7 20 ng/mL muenansinfiutneiwusdilildlunmsdwundUlsussugadsiv

0.75 1.00
| 1

Sensitivity
0.50
1

[Te]
[
o
o
o
o T T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity
—e— AFP —e— AST
—8— ALT —8&— NLR
Reference

gﬂﬁ 1 ROC curves of AFP, AST, ALT and NLR for diagnosis HCC from liver disease
n15UsEiluAINTINdEY0s AFP AST ALT waw NLR asud1adula (sensitivity) a31udumg

(specificity) AMvINUN8NaUIN (positive predictive value; PPV) wazAvinungnaay (negative predictive
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397 2 Diagnostic performances of serum biomarkers for differentiating HCC from liver disease

biomarkers Cutoff AUROC (95% CI) Sensitivity Specificity PPV NPV
value

AFP 20.7 0.77 (0.72-0.82) 55.2% 98.1% 96.4% 70.9%
20 0.77 (0.72-0.82) 55.2% 98.1% 96.4% 70.9%
40 0.73(0.67-0.78) 46.9% 98.1% 95.7% 67.3%
100 0.68 (0.63-0.73) 37.5% 99.1% 97.3% 63.9%
200 0.64 (0.60-0.69) 28.1% 100.0% 100.0% 60.8%
400 0.63 (0.59-0.67) 26.0% 100.0% 100.0% 60.1%

AST 26 0.70 (0.64-0.76) 83.3% 57.0% 63.5% 79.2%

ALT 27 0.62 (0.55-0.69) 63.5% 60.7% 59.2% 65.0%

NLR 1.724 0.57 (0.51-0.64) 62.5% 52.3% 54.1% 60.9%

AUROC = Area Under the Curve of the Receiver Operating Characteristic, PPV = positive predictive value, NPV = negative predictive value

N13fnwIANNENTUSTINAUYEIAT AFP AST ALT waz NLR W19adinA1 AFP 20.7 ng/mL #u31 N3
FAUVRIAT AFP wag AST funlaidulas ROC gegnfie 0.74 (0.68-0.79) danulinazanudiniziosay
49 uaz 98.1 lnsdimnulhanauilewisuiu AFP wse AST Wigee819fel Inen1ssiunuwesan AFP uag NLR,

A1 AFP, ALT, NLR wagfn AFP, AST, NLR fmnuhireudiamuainnnudnnzgegaiosay 99.1 AW 3

A151991 3 Diagnostic performances of combination of four serum biomarkers for differentiating HCC from liver

disease

biomarkers AUROC (95% CI) Sensitivity Specificity PPV NPV

AFP+AST 0.74 (0.68-0.79) 49.0% 98.1% 95.9% 68.2%
AFP+ALT 0.68 (0.63-0.73) 38.5% 98.1% 94.9% 64.0%
AFP+NLR 0.66 (0.61-0.71) 33.3% 99.1% 97.0% 62.4%
AST+ALT 0.64 (0.57-0.70) 59.4% 68.2% 62.6% 65.2%
AST+NLR 0.65 (0.58-0.71) 51.0% 78.5% 68.1% 64.1%
ALT+NLR 0.62 (0.56-0.68) 39.6% 84.1% 69.1% 60.8%
AFP+AST+ALT 0.68 (0.63-0.73) 37.5% 98.1% 94.7% 63.6%
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AN39Ti 3 Diagnostic performances of combination of four serum biomarkers for differentiating HCC from liver disease (519)

biomarkers Cutoff value AUROC (95% Sensitivity Specificity PPV NPV
@)

AFP+ALT+NLR 0.62 (0.58-0.66) 25.0% 99.1% 96.0% 59.6%

AST+ALT+NLR 0.61 (0.55-0.67) 36.5% 86.0% 70.0% 60.1%

AFP+AST+NLR 0.64 (0.59-0.69) 29.2% 99.1% 96.6% 60.9%

AFP+AST+ALT+NLR 0.62 (0.57-0.66) 24.0% 99.1% 95.8% 59.2%

AUROC = Area Under the Curve of the Receiver Operating Characteristic, PPV = positive predictive value, NPV = negative predictive value
msfnwadaiinufineusdasadiu 43 au Govay 44.8) waziiaeTsadudu 4 105 au (Gosazos.1)
f5wAU AFP fpanin 20 ng/mL LﬁaﬂizLﬁummLLajue‘J’ﬂumﬁﬁﬁ]ﬁ%mL%M%ﬁéﬁ'ﬂwgﬂwmaﬁ‘ﬁ A
wandluzuil 2 wagn1adt 4 nud AST wansituildidulds ROC gean 0.67 (0.59-0.75) Faer1qadin 25.5
U/mL s09a3nfie ALT deengadn 255 U/mL fufléidulds ROC 0.60 (0.51-0.69) dadugadaiilndfiud
Tunguuszansiianun Tuwaed NLR Suifliduléa ROC gandidntos (0.58 isuiu 0.57) uazA1qadngs
17 (2.563 ey 1.728) lnefiarnusinsiutuandesay 52.3 Hudesas 76.2 Iuﬂﬂwﬁﬁizﬁu AFP ¢

N1 20 ng/mL

Sensitivity
0.50 0.75 1.00
| | |

0.25
|

0.00
1

I T
0.00 0.25 0.50 0.75 1.00
1-Specificity

—8— AST —e— ALT
—8— NLR —— Reference

E‘Uﬁ 2 ROC curves for AST, ALT and NLR for diagnosis HCC from liver disease in patients with AFP < 20 ng/mL
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A197199 4 Diagnostic performances of serum biomarkers for differentiating HCC from liver disease in patients with

AFP < 20 ng/mL

biomarkers Cutoff AUROC (95% CI) Sensitivity ~ Specificity PPV NPV
value

AST 255 0.67 (0.59-0.75) 76.7% 58.1% 42.9% 85.9%

ALT 255 0.60 (0.51-0.69) 60.5% 59.0% 37.7% 78.5%

NLR 2.563 0.58 (0.49-0.66) 39.5% 76.2% 40.5% 75.5%

AUROC = Area Under the Curve of the Receiver Operating Characteristic, PPV = positive predictive value, NPV = negative predictive

value

dlefnwianuduiugsauduresdn AST ALT wag NLR Tunstredfaduusidaaadsiu wuiinissaudu
99 NLR uaz AST wanaituiiliidulds ROC gean 0.61 (0.53-0.68) Tnsfinanliuazarudwineiisosay
32.6 WAz 88.6 MUAIFU Fem197t 5
Ag97t 5 Diagnostic performances of combinations of serum biomarkers for differentiating HCC from

liver disease in patients with AFP < 20 ng/mL

biomarkers AUROC (95% Cl) Sensitivity Specificity PPV NPV

AST+ALT 0.60 (0.51-0.69) 51.2% 68.6% 40.0% 77.4%
NLR + AST 0.61 (0.53-0.68) 32.6% 88.6% 53.8% 76.2%
NLR + ALT 0.59 (0.51-0.66) 25.6% 91.4% 55.0% 75.0%
AST+ALT+NLR  0.57 (0.50-0.63) 20.9% 92.4% 52.9% 74.0%

AUROC = Area Under the Curve of the Receiver Operating Characteristic, PPV = positive predictive value, NPV = negative predictive value

[ s

WaNa1Tu1Au 999 AFP AST ALT wag NLR Aduwusiuszeslsavosuzisuwadau nuinlu

A %

JruguIn (Seee 0 wavseewA) AST daulwnfigaiigadn 26 U/L AenugUls 50 Auan 62 au (Sevay
80.6) 599893178 ALT wag NLR AinudnuiugUisindune 37 auain 62 au (Seeay 59.7) drduganigee
AFP wugUae 32 auain 62 au (Fegar 51.6) Watl AFP 1nfiansansiuiuady q wudndidianulilung

AsIaNUYNITEzURdlIANzISLTadAUanas Awuandlunised 6

A15199 6 The Sensitivity of AFP AST ALT and NLR in relation to HCC staging

BCLC Staging AFP AST ALT NLR AFP+AST  AFP+ALT  AFP+NLR
(20.7ng/m) (26 U/L) (2T U/L)  (1.724)

0 (Very early stage)

(n=10) 7 (70.0%) 9 (90.0%) 6 (60.0%) 6 (60.0%) 6 (60.0%) 4 (40%) 3 (30%)

A (Early stage)

(n=52) 25 (48.1%) 41 (78.8%) 31 (59.6%) 31(59.6%) 22 (42.3%) 16(30.8%) 21 (40.4%)
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AN5971 6 The Sensitivity of AFP AST ALT and NLR in relation to HCC staging (519)

BCLC Staging AFP AST ALT NLR AFP+AST  AFP+ALT  AFP+NLR
(20.7ng/m) (26 U/L) (27 U/L) (1.724)

B (Intermediate stage)

(n=31) 18 (58.1%) 26 (83.9%) 21(67.7%) 21(67.7%) 15(48.4%) 16 (51.6%) 14 (45.2%)
C (Advanced stage)

(n=3) 3 (100%) 3 (100%) 3 (100%) 3 (100%) 3 (100%) 3 (100%) 3 (100%)

BCLC =Barcelona Clinic Liver Cancer
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