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Abbreviations: HCC: Hepatocellular Carcinoma; PVT: Portal Vein Thrombosis; AFP: Alpha-Fetoprotein; GGTPY Gamima
Glutamyl Transpeptidase; ALKP: Alkaline Phosphatase; AST: Aspartate Aminotransferase; Hb: Hemoglobin; Albs min;
MTD: Maximum Tumor Diameter; CT: Computerized Axial Tomography Scan; IQR, Interquartile range.

A large database of 1773 HCC patients in Turkey was examined. 41.9% had alpha-fetoprotein (AFP) levels <20 IU/ml and an
additional 16.123% had values between 20-100 IU/ml. This 58% of the cohort (<100 IU/ml AFP levels) was examined in detail.
66% of patients with small (<5 cm) HCCs had low AFP, compared to 49% of patients with larger (>5 cm) HCCs. The mean
diameter (MTD) of larger MTD, low AFP tumors was 8.4cm. Therefore, factors other than AFP must contribute to HCC tumor
growth. Larger tumors in low AFP patients had both higher platelet levels and increased PVT percent. Linear regression analysis
for both MTD and multifocality showed that platelet numbers and presence of PVT were significant variables; whereas for PVT,
significant variables were albumin, alkaline phosphatase and MTD. Comparisons between patients with AFP levels <20, 20-<100,
100-<1000 and >1000 IU/ml showed the most significant tumor finding was an increase in PVT percent between each group, and
to a lesser extent, MTD. Thus, low- or normal-AFP HCCs constitute the majority of patients and have slightly lower MTD and
much lower PVT percent than HCCs associated with elevated blood AFP levels. New, non-AFP markers are thus needed, especially

HCC with low- and normal-
serum alpha-fetoprotein levels

v‘kl

for small HCCs
Keywords: HCC, Turkey, AFP, MTD, PVT

Introduction

Alpha-fetoprotein (AFP) was first described
in 1953 as a fetal form of albumin and as a marker
for HCC[1-3], which opened up the relationship
between oncogenesis and embryogenesis. Since
then, it has become the best-described and most
used marker in HCC. It has been recognized for
its usefulness in prognosis [4-7], its relationship
to various indices of HCC human biology
[6,8,9], its use in non-biopsy HCC diagnosis
[10,11], in assessment of responses to therapy
[12] and more controversially, as a screening tool
together with abdominal ultrasound in patients
with hepatitis or cirrhosis who are known to be
at risk for HCC development [13,14]. However,
not all HCC tumors are AFP positive or secrete
elevated amounts of AFP into the serum [15-
26]. In the present study, we examined a large
cohort of Turkish HCC patients, stratified by
AFP status, with particular reference to the low
AFP patients and examined their characteristics.
We found that their tumors were smaller than
those with elevated AFP levels and were much
less aggressive, as judged by percent patients
with PVT. Nevertheless, low AFP HCC patients
also produced large size HCCs, suggesting
the presence of factors other than AFP in the
determination of HCC size.

Methods

H Patient data

We database of 1773
prospectively-accrued HCC patients who had

analyzed a

full baseline tumor parameter data, including
CT scan information on HCC size, number
of tumor nodules and presence or absence
of PVT and plasma AFP levels; complete
blood count; routine blood liver function
tests, (total bilirubin, GGTP, ALKP, albumin,

transaminases) and patient demographics.
Diagnosis was made either via tumor biopsy
or according to international guidelines [6,7].
Of these patients, 1029 had low AFP levels
(<100 TU/ml) and are the subject of this study.
Database management conformed to legislation
on privacy and this study conforms to the
ethical guidelines of the Declaration of Helsinki
and approval for this retrospective study on de-
identified HCC patients was obtained by the

Institutional Review Board.

B Statistical analysis

Mean and SD for continuous variables, and
relative frequency for categorical variables, were
used as indices of centrality and dispersion of the
distribution. For categorical variables, the Chi-
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square and z test for proportions were used; the
Wilcoxon rank-sum (Mann-Whitney) test was
to test the difference between two categories,
and the Kruskal-Wallis rank test to test the
difference among categories.

Linear regression model was used to evaluate
the associations between maximum tumor
diameter on single variables examined, while
logistic regression model was used to evaluate
the associations between PVT (No/Yes) or
Nodule number (1/ 2 2), respectively on single

variables examined.

All final multiple linear or logistic regression
models obtained with the backward

stepwise method and the variables that showed

was

associations with p<0.10 were left in the models.

When testing the null hypothesis of no
association, the probability level of < error, two
tailed, was 0.05.

All the statistical computations were
made using STATA 10.0 Statistical Software
(StataCorp). 2007. Stata Statistical Software:
release 10. College Station, TX: StataCorp LB,
Statistical Software (StataCorp). 2007. Stata
Statistical Software: release 10. College Station,
TX: StataCorp LP).

Results

B Comparisons amongst AFP groups

Patients were initially evaluated according to
AFP level (TABLE 1). There were 1773 patients
in the total cohort, of whom 743 (41.91%) had
AFP <20 IU/ml. The second column of 284
patients (16.02%) also had low AFP levels of 20-
100 IU/ml. Thus the 2 left columns of patients
with low AFP levels constituted 57.92% of the
total cohort of HCC patients.

When the clinical characteristics of the
4 AFP groups were examined, significant
differences emerged. Examination of tumor
size (MTD) across the 4 AFP groups revealed
no change between the lowest 2 groups, and
then significant MTD increase with subsequent
increase in group. Similar results were found for
tumor multifocality. However, PVT increased
significantly with each increase in AFP group.
This was also true between the 2 low AFP
groups, despite their have similar MTDs.
There were significant increases in the trends
for total bilirubin, GGTP, ALKP and decrease
in albumin, but they were not individually
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the >5 cm MTD patients. For the larger MTD
patients, 30.92% had PVT, despite being in the
low AFP subgroup (compared to 9.36% with
PVT in the low AFP small tumor group). The
larger MTD patients with low AFP had a mean
MTD of 8.43 cm, compared to 2.91 cm in the
small MTD tumor group with low AFP, a 2.9-
fold increase in size, despite both tumor groups
having low AFP levels. Thus, factors other than
AFP likely also contribute to HCC size increase.

Inonu university, Malatya
YFlorence Nightingale hospital, Istanbul

*Author for correspondence:

brianicarr@hotmail.com

Comparison of small and large low AFP
patients (TABLE 2) showed that in addition to
the size differences, there were significantly more
percent PVT in the patients with larger than
with smaller tumors (9.36% versus 30.92%,
p,0.0001), without differences in either AFP or

bilirubin mean values.

M Relationships of platelets,
albumin, GGTP and ALKP to HCC
parameters

Three of the most important and objectively
measurable indices of HCC aggressiveness
include: tumor size (MTD), multifocality
and presence of PVT. The regression models
were therefore constructed for each of these
3 parameters are shown in TABLE 3, and the
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significant variables are shown in TABLE 3A-
3C. In a final model for MTD, platelets and
PVT was significant (TABLE 3A1). The same
was also found for tumor multifocalicy (TABLE
3C1). However, for PVT, the significant
variables in the final model were ALKP, albumin
and MTD (TABLE 3B1). The relationship
showing an increase in PVT in larger size tumors
is shown in the FIGURE 1 box plot.

Small (<5 cm) and larger (>5 ¢cm) MTD
tumor groups were then compared, after
dichotomization for the significant blood
parameter variables shown in TABLE 3. The
relationship of platelets to MTD is shown

in TABLE 4. A significant effect of platelet
dichotomization was found for MTD and
PVT, but only in the larger tumors (>5 cm).
In that group, the mean MTD was 3.72 cm
in the thrombocytopenia subgroup, compared
to 8.78 c¢m in the normal platelet subgroup.
The relationship between blood platelet levels
and MTD is also depicted in FIGURE 2, in
which an increase in tumor size was found to
be associated with a significant increase in mean
platelet values, as reported in other analyses
[27,28].

An examination of blood albumin levels
in relation to MTD (TABLE 5) showed
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FIGURE 1. Box plots of Maximum Tumor Diameter (cm) between Portal Vein Thrombosis categories, in

patients with Alpha-fetoprotein <100 (IU/mL).
Wilcoxon rank-sum (Mann-Whitney) test p<0.0001.

I° Tercile II° Tercile

Denglina

0 100 200 300 400 500 600 700 800 0 108 200 300

Plalelet counts (10%/4L)

[ Density

Plalelet counts (103/ul)

lll° Tercile

200 300 400 500 600 700 800

400 500 600 700 800 0 108

Plalelet counts (103/ul)

Normal Density

Maximum Tumor Diameter (cm) in Terciles (I, II, IIT)

r 1

1 Tercile comparisons ¥

(MTD<5.0) (5.0MTD<10.0) (MTD>10.0) p-value® (oovalue)
(55.2%) (36.2%) (8.6%)

Platelet counts (x10%L ) (M#SD) 133.08478.18 163.65+96.90 228.47+156.03 0.0001 IvsII p=0.0001

(min-max) (13-791) (11-535) (26-795) IvsIIT p<0.0001

(median (IQR)) 83.0 (113.0-168.0) 89.5(142.5-214.5)  116.0 (200.5-296.0) IT vs T p=0.0019

FIGURE 2.Peripheral blood platelet counts (103/puL) among Maximum Tumor Diameter (cm) terciles, in
patients with AFP < 100(1U/mL). KKruskal-Wallis rank test; Mann-Whitney rank test.
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Table 4. Comparisons among HCC patients between platelet groups (<125/ = 125) in single MTD

categories, all with AFP < 100 (IU/mL).

MTD<5.0 (cm) MTD = 5.0 (cm)
Parameter* Platelets<125 |Platelets > 125 y | Platelets<125 | Platelets > 125 v
(10/uL) (10%/uL) P (10%/uL) (10%/uL) P
(n=220) (n=177) (n=120) (n=202)

Platelet counts (10°/pL)| 83.53 +24.60 |194.66 +78.21|<0.0001 | 81.85 + 25.14 |232.14 £ 108.17 |<0.0001
Hemoglobin (g/dL) 1212+230 | 12.94+230 | 0.0009 & 11.98+2.21 12.64 +2.22 0.02

GGTP (U/L) 123.69 + 185.70 113;'5861 0.72 1:22: & 1693017059 001
ALKP (U/L) 146.62 +117.82 1295'73.‘;‘; 077 11913'97.;? 234.15+227.47 078
Total Bilirubin (mg/dL) | 236+2.73 | 182+3.19 <0.0001 333+353 | 222+3.88 <0.0001
Albumin (g/dL) 3054071 | 341+077 <00001 292+067 & 323+079 | 0.0007
AFP (IU/mL) 16.49+20.00 | 16.94+21.68 030 | 1931+20.55 21.67+27.18 035
MTD (cm) 2894100 | 304+1.00 | 016 | 372+306  878+397 | 0.009
Nodule number (%) 0.70 " 0.52"
1 159(72.94) | 126(71.19) 86(7350) | 138(68.66)
23 59(27.06) | 51.28.81) 31 (26.50) 62 (30.85)
>3 0(0.00) 0(0.00) 0(0.00) 1(0.50)
PV Thrombosis (%) 20(9.13) 23(1429) | 012" | 28(23.73) 7137.37) | 001"
Cirrhosis (%) 201(9136) | 115(66.47) <0.001° 113(95.76) = 137(68.16) <0.001"

* All values: Means+Standard Deviation as continuous; Frequences and Percentage (%) as categorical.
¥ Wilcoxon rank-sum (Mann-Whitney) test; " Chi-square test.

Abbreviations: GGTP, gamma glutamyl transpeptidase; ALKP, Alkaline phosphatase; AFP, Alpha-
fetoprotein; MTD, Maximum Tumor Diameter; PVT, Portal Vein Thrombosis; CRP, C-Reactive Protein.

Table 5. Comparisons amongst HCC patients between Albumin (< 3.5/>3.5) in single MTD

categories in patients with AFP < 100 (IU/mL)

MTD<5.0 (cm) MTD = 5.0 (cm)
Parameter* Albumin Albumi v Albumin Albumin v
<35(g/dl)  n>3.5(g/dL) P <35(g/dl) | >3.5(g/dL) P
(n=247) (n=146) (n=221) (n=100)

3
Platelet CJ’L‘;”“ (107 19412+7969 147.38+7455  0.0001 117;522* 1893949403  0.004

Hemoglobin (g/dL) = 11.77 £2.19 13.61+2.10  <0.0001 | 11.72+2.01 13.91+1.97 <0.0001

GGTP (U/L) 14441 £199.61 91.77+123.27 | 0.001 1162'24457i 12043 +£196.17 0.001

ALKP (U/L) 187.20 +£205.53| 117.58+91.06 | 0.0001 23251+ 188.18+178.10 0.04

205.71
Total B"'(;‘E;D'” Mg/ 5574333 121£134 00003 3.14+426 098+082 <0.0001
Albumin (g/dL) 2754052 400+033  <0.0001 270+048  4.04+033 <0.0001
AFP (IU/mL) 17.99+2154 1453+1927 026 2193+24.18 1748+2567 0.004
MTD (cm) 2.96 £1.01 293 £1.01 078 871394 771297 002
Nodule number (%) 047 " 0.08"
1 173 (70.61) 108 (73.97) 145 (66.51)  78(78.79)
23 72 (29.39) 38 (26.03) 72 (33.03) 21(21.21)
>3 0(0.00) 0(0.00) 1(0.46) 0(0.00)
PV Thrombosis (%) = 30 (12.45) 13 (9.49) 038"  75(35.71) 24(2474) 006"
Cirrhosis (%) 215 (87.04) 99(69.23)  <0.001" 187(85.78)  62(62.00) <0.001"

* All values: Means+Standard Deviation as continuous; Frequences and Percentage (%) as categorical.
¥ Wilcoxon rank-sum (Mann-Whitney) test; " Chi-square test.

Abbreviations: GGTP, gamma glutamyl transpeptidase; ALKP, Alkaline phosphatase; AFP, Alpha-

fetoprotein; MTD, Maximum Tumor Diameter; PVT, Portal Vein Thrombosis; CRP, C-Reactive Protein.
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Table 6. Comparisons HCC patient between categories of GGTP ( < 100/>100) in single MTD

Brian I. Carr

tients with AFP < 100 (IU/mL)

categories, in pa
MTD<5.0 (cm) MTD = 5.0 (cm)
Parameter* |GGTP < 100 (U/L) GG;I-J/T_; 00 p¥ | GGTP <100 (U/L) GGTP>100 (U/L) pY
(n=126) (n=78) (n=106) (n=77)
P'at(ﬁ'gﬁ /;‘E‘;”ts 137.51+78.60 15026+10946 057  166.66+100.95 211.26+126.87 0.006
Hem°%'f)b'” O 4221:238  1247+224 061  1220+227 1217198 0.72
GGTP (U/L) 4743 £24.88 261.38 £238.38 <0.0001 5247 +2532  283.64+168.33 <0.0001
ALKP (U/L) 108.11 £59.50 [262.95 +257.67 <0.0001 | 149.96 £99.87 @ 317.99 £ 254.41 <0.0001
Total Bilirubin 4 g7, 5 93 2534299 0008  223+3.06 3.02+4.59 0.07
(mg/dL)
Albumin (g/dL) 3.17 £0.80 2.90+0.71 0.01 3.16 £0.86 2.81+£0.58 0.004
AFP (IU/mL) 16.61 £18.41 19.85 £ 25.08 0.50 15.95 £22.26 26.58 + 28.69 0.003
MTD (cm) 296 £1.03 294 £1.02 0.80 8.01£3.15 9.15+£3.79 0.03
Nodule number N N
%) 0.36 0.12
1 76 (60.32) 42 (53.85) 64 (62.14) 39 (50.65)
2-3 50 (39.68) 36 (46.15) 39 (37.86) 38 (49.35)
>3 0(0.00) 0(0.00) 0(0.00) 0(0.00)
PV Thrombosis n R
(%) 14 (11.20) 12(15.58) 0.37 27 (27.00) 33 (45.21) 0.01
Cirrhosis (%) 103 (82.40) 61(78.21) 0.46" 79 (75.96) 59(77.63) 0.79"
* All values: Means+Standard Deviation as continuous; Frequences and Percentage (%) as categorical.
¥ Wilcoxon rank-sum (Mann-Whitney) test; A Chi-square test.
Abbreviations: GGTP, gamma glutamyl transpeptidase; ALKP, Alkaline phosphatase; AFP, Alpha-
fetoprotein; MTD, Maximum Tumor Diameter; PVT, Portal Vein Thrombosis; CRP, C-Reactive Protein.

that albumin appeared to have a significant
protective effect on MTD in larger tumors, and
a lesser protective effect on large tumor PVT and
multifocality. Dichotomization according to
blood GGTP values (TABLE 6) also showed a
significant effect for MTD and PVT, but only in
larger (= 5 cm) MTD patients. In this subgroup
of larger tumors with higher GGTP levels, there
were also significantly higher platelet counts and
ALKP levels, and significantly lower albumin
levels. A similar dichotomization using ALKP
values however, showed no difference in MTD,
PVT or multifocality (data not shown).

Discussion

There are several noteworthy findings from
this analysis. Amongst them are the high (42%
or 58%, depending on AFP cutoff) of negative
or low AFP HCC patients (TABLE 1). This has
been found in several different reports [15-21].
It is thus unsurprising that AFP has been a poor
screening tool, especially for small size HCC:s.
In addition, we found that large HCCs also
occurred in absent or low range AFP patients
(TABLE 2). Thus, factors other than AFP, such
as cell growth and inflammatory cytokines must
be postulated to be important in the growth of

large size HCCs. Another finding was the high
percent (19-50%) of patients with PVT, even
in the lowest AFP group (19%). As AFP level
group and thus MTD increased, so did GGTP
mean values and to a lesser extent, ALKP. GGTP
has been found to be a useful tumor marker by
others, especially in low AFP HCCs [21,29,30-
33] and so, to a lesser extent has ALKP [34].
Platelets were found to be associated with an
increase in MTD, especially for the larger size
tumors, but there was an association between
MTD and platelet numbers (TABLE 4 and
FIGURE 2), as noted elsewhere [27,28] and
there was a greater percent of PVT in the larger
tumors (TABLES 2, 4 and FIGURE 1). The
reason for this is unclear. Whether it is that
tumors beyond a certain diameter have a larger
number of invasive (? stem) cells, or whether the
growth and inflammatory factors that produce
larger tumors also produce more PVT, has
not been closely explored, to our knowledge.
However, consistent with these ideas, lower
albumin, which is associated with increased
systemic inflammation in the Glasgow Index
[35,36], is also associated with larger MTD
and increased PVT (TABLE 5), although with

statistical significance only for the larger tumors.

10.4172/clinical-practice.1000393
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Furthermore, a weakness in this study is that
survival data was not available from this newly-
formed collaborative group.

Various markers have been suggested for
low- or normal-AFP HCCs. These include, but
are not limited to: DCP [37,38], Glypican-3
[39], fucosylated serum paraoxonase 1 [40] and
alpha-1 acid glycoprotein [41], TEMs [42],
Dickkopf-1 [43] and EpCam stained circulating
tumor cells [44] and staining of HCCs [45],
C-reactive protein [46], alpha-L-fucosidase [47]
and hepatic miRs [48]. With such a high percent
of small and large HCCs having low AFP levels,
novel biomarkers are clearly needed. Much
effort has recently focused on combinations of

Clin. Pract. (2018) 15(1)

markers, such as AFP plus AFP-L3 plus DCP
for use in surveillance [49]. Even in patients
with very low AFP (<20 ng/ml), sensitivity was
over 65% using these 3 marker combinations
[50,51]. However, the different clinical HCC
phenotypes for these marker combinations
has not been explored in detail, except for the
association of increased incidence of PVT in

patients with high DCP levels [52].
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