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1  | INTRODUC TION

Inflammation has increasingly been recognised as an important 
associated factor for several tumor types of the gastrointesti-
nal tract,1-6 including hepatocellular carcinoma (HCC).6-8 It has 
been increasingly recognised that inflammation may be prognosti-
cally important and may even define tumor types within the same 

diagnosis9-13 and several reviews have been published on the likely 
hepatocarcinogenic mechanisms within the inflammatory tumor mi-
croenvironment, especially for HCC.8 Amongst the clinically useful 
semi-quantitative indices of tumor-associated inflammation are the 
Glasgow Index for GI tumors in general,14 and HCC,15-20 using com-
bination serum C-reactive protein (CRP) and albumin levels, as well 
as several variant indices.21
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Abstract
Introduction: Hepatocellular carcinoma is associated with several chronic inflamma-
tory conditions. It is increasingly understood that the inflammation may be part of 
the carcinogenic process and prognostically important.
Objective: To evaluate the serum levels of three inflammation markers in relation to 
survival in HCC patients.
Methods: We retrospectively examined the serum levels of CRP, albumin and ESR, 
both singly and in combination, in relation to patient survival.
Results: Survival worsened with increase in CRP or ESR or decrease in albumin levels. 
Combinations of CRP plus albumin or CRP plus ESR were associated with an even 
greater range of survival (3-fold), together with significant differences in maximum 
tumor diameter (PVT) and percent of patients with portal vein thrombosis (PVT). The 
triplet of CRP plus albumin plus ESR was associated with a sevenfold difference in 
survival, comparing low vs high parameter levels. These significant differences were 
found in patients with small or large tumors.
Conclusions: Combinations of CRP with albumin or ESR or all three parameters to-
gether significantly related to differences in survival and to differences in MTD and 
percent PVT, in patients with both small and large size HCCs.
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In the current study, we have made use of previously available 
survival data from a new large Turkish multi-institutional HCC col-
laborative,22 to examine the contributions of serum CRP or albumin, 
singly or together, for evaluation of survival in our HCC patients, and 
to introduce for the first time, to our knowledge, the usefulness of 
erythrocyte sedimentation rate (ESR) data to the prognostic model. 
We found that combination of CRP plus albumin or CRP plus ESR 
levels are associated between threefold and sevenfold the survival, 
between groups. A triplet combination of CRP plus albumin plus ESR 
was even more discriminatory for survival.

2  | METHODS

2.1 | Patient data

We retrospectively analysed a database of 785 prospectively ac-
crued HCC patients who had full baseline tumor parameter data, 
including CT scan information on HCC maximum tumor diameter 
(MTD), number of tumor nodules and presence or absence of macro-
scopic portal vein thrombosis (PVT) and serum AFP levels; complete 
blood count; routine serum liver function tests, (total bilirubin, GGTP, 
ALKP, albumin, transaminases, CRP levels and where available, ESR 
levels), as well as patient demographics. Diagnosis was made either 
via tumor biopsy or according to international guidelines. The study 
group were patients aged 18  years or over, who were diagnosed 
with HCC and who were not eligible for surgical curative thera-
pies. Patients were followed up every 3-4 months until death. Full 
blood count, AFP and liver functions were obtained at each follow-
up visit, as well as CT scans as appropriate. 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 of each participating institution.

2.2 | Statistical analysis

Continuous variables were summarised by median, minimum and 
maximum values. Comparisons between two groups were per-
formed by Mann-Whitney U test. Categorical variables were ex-
pressed as count and percentage, comparisons according to these 

variables were made by Pearson's chi-square, continuity corrected 
chi-square or Fisher's exact test where appropriate. Kaplan-Meier 
method and Log-Rank test were used for survival analysis. In all 
analysis two-tailed significance level was considered as 0.05. IBM 
SPSS Statistics for Windows version 22.0 (NY, USA) was used for 
statistical analysis.

3  | RESULTS

3.1 | Survival for single blood inflammation markers, 
CRP, albumin or ESR

This study group comprised patients aged 18 years or over, who 
were diagnosed with HCC as in the Methods section and who 
were not eligible for surgical curative therapies. Patients were 
followed up every 3-4  months until death. Serum levels of the 
inflammation indices CRP, albumin and blood ESR were examined 
at baseline presentation, in relation to HCC patient survival. CRP 
levels were chosen from terciles of the total cohort, with the low-
est level ≤10 mg/dL being the Glasgow score cut-off value.14-18 
The lowest CRP serum level (≤10 mg/dL) was associated with the 
longest survival of 71.5 months and was statistically significant 
from the lower survivals associated with serum levels of CRP 

What’s known?

•	 Most important HCC marker is AFP (alpha-fetoprotein), 
but less than 50% of patients have elevated AFP levels.

•	 Additional or substitute markers are needed for 
prognosis.

What new

•	 Our data draw attention to the role of inflammatory 
markers in HCC aggressiveness and survival and show 
that without considering AFP, the blood levels of the in-
flammatory parameters C-reactive protein, Erythrocyte 
Sedimentation Rate and albumin can predict both prog-
nosis and tumor aggressiveness factors, especially tumor 
size and presence of portal vein thrombosis (PVT).

TA B L E  1   Kaplan-Meier analysis for 
differing serum CRP levels (mg/dL) in the 
total cohort

Survival time Log-Rank

Mean ± SE 95% CI P-value

CRP ≤10 (n = 625) 71.514 ± 5.144a 61.432-81.596 .001

10-25 (n = 69) 32.091 ± 4.761b 22.759-41.424

>25 (n = 91) 40.647 ± 6.244b 28.410-52.885

Note: The difference between the groups with different superscript letters was found to be 
statistically significant. CRP ≤ 10 group has a longer survival than the others. CRP, C-reactive 
protein; CRP units: mg/dL.
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10-25 or >25 mg/dL (Table 1). Albumin levels were also chosen 
from the highest level of the Glasgow score (>3.5  g/dL) being 
normal.14 The highest value was associated with the longest sur-
vival of 83.5 months and was statistically longer than the survival 
associated with the other 2 albumin serum levels (Table 2). ESR 
levels were also just by tercile analysis of the total cohort, with 
ESR 15 mm/h being the upper limit of the normal serum range 
and thus the lowest point for this analysis (<15 mm/h). We found 
be far the largest range for survival, of 31-102.9 months for the 
ESR values (Table 3) and each ESR group was associated with a 
statistically significant survival difference from each other ESR 
group.

3.2 | Significance of parameter background for 
CRP and ESR significance

The survival of patients with different CRP levels was assessed 
in the presence of normal or low serum albumin levels (Tables 4 
and 5). Significant differences were found, regardless of albumin 
background. However, for patients with low serum CRP ≤10 mg/
dL levels, survival was significantly longer in patients with nor-
mal albumin levels >3.5  g/dL than in patients with low albumin 
levels. Thus, the level of CRP alone gives an incomplete picture 
of the prognostic significance, without simultaneously consider-
ing albumin (and doubtless other parameter) levels. Similarly, when 
differing ESR levels were considered in the context of elevated or 
low serum CRP levels (Tables 6 and 7), survival at each ESR level 
was significantly higher in the context of low CRP (Table 7) than in 
elevated CRP serum levels (Table 6). For differing ESR levels in the 

context of elevated CRP (Table 6), each ESR level was associated 
with significantly different survival compared with each other ESR 
level.

3.3 | Survival for the combination of two 
inflammation markers

The Glasgow Inflammation prognostic score for GI cancers was 
based upon the combination of the two parameters, serum CRP 
and albumin levels. The three possible combinations of our three 
inflammation parameters were therefore next separately exam-
ined. The combination of serum CRP with albumin levels, showed 
an almost threefold survival difference of 34 vs 90  months, be-
tween high CRP/low albumin compared with low CRP/high albu-
min in the total cohort (Table 8). Significant differences were also 
found when patients with small tumors (≤5  cm) or large tumors 
(>5 cm) were examined separately (Tables 9 and 10). Thus, this two 
parameter combination seems to be useful in both small and large 
HCC patients. In order to try to understand the possible expla-
nation of these survival differences between the two CRP/albu-
min groups, we examined their related clinical characteristics. We 
found that for the shorter survival group, every single parameter 
was significantly worse than the longer survival group, especially 
having higher levels of GGT, ALKP, transaminases, total biliru-
bin, AFP and lower Hb (Table  11). When the radiological tumor 
characteristics were examined, significantly larger tumors (higher 
MTD) and increased percent of patients with PVT was found, but 
not tumor numbers in the shorter survival group compared to the 
longer survival group (Table 12).

Survival time Log-Rank

Mean ± SE 95% CI P-value

ALB <2.5 (n = 282) 51.173 ± 5.358a 40.671-61.675 <.001

2.5-3.5 (n = 333) 45.052 ± 3.883a 37.441-52.662

>3.5 (n = 170) 83.569 ± 8.008b 67.873-99.265

Note: The difference between the groups with different superscript letters found to be statistically 
significant. There is no difference between the ALB < 2.5 and ALB = 2.5-3.5 groups, but ALB > 3.5 
group has a longer survival than the others. ALB, albumin. Albumin units: g/dL.

TA B L E  2   Kaplan-Meier analysis for 
differing albumin blood levels (g/dL) in the 
total cohort

Survival time Log-Rank

Mean ± SE 95% CI P-value

ESR <15 (n = 115) 102.927 ± 11.437a 80.510-125.344 <.001

15-50 (n = 234) 46.559 ± 3.966b 38.785-54.333

>50 (n = 80) 31.075 ± 5.042c 21.193-40.958

Note: The difference between the groups with different superscript letters was found to be 
statistically significant. All groups’ survivals are significantly different from each other. ESR, 
erythrocyte sedimentation rate; ESR units: mm/h.

TA B L E  3   Kaplan-Meier analysis for 
differing ESR levels (mm/h) in the total 
cohort
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A survival analysis was also performed for those patients with 
combination high serum CRP plus high blood ESR, vs low levels of 
the same combination (Table 13). A threefold difference in survival 
was found between patients having low vs high combination CRP 
plus ESR. Significant differences were also maintained whether pa-
tients with small (<5 cm) or large ≥ 5 cm) HCC s were considered 
(Tables 14 and 15). The associated clinical characteristics were also 

compared (Table 16) and significant differences were found for GGT, 
ALKP, albumin, AST and Hb, but not for ALT or AFP values. Similarly, 
for radiological tumor characteristics (Table  17), significantly ele-
vated MTD and increased percent of patients with PVT was found 
for patients with high CRP plus ESR compared to those with low CRP 
plus ESR.

3.4 | Survival for the combination of three blood 
inflammation markers

We next examined whether addition of ESR to the CRP plus albu-
min combination of the Glasgow index might result in any extra 
discrimination between groups (Tables  18-22). We found a sev-
enfold difference in survival between high CRP, high ESR and low 
albumin triplet (abnormal) as compared with low CRP, low ESR, 

TA B L E  8   Kaplan-Meier analysis for total cohort

Survival time Log-Rank

Mean ± SE 95% CI P-value

CRP > 10 & ALB ≤ 3.5 34.460 ± 4.577 25.490-43.431 <.001

CRP ≤ 10 & ALB > 3.5 90.016 ± 8.997 72.382-107.649

Abbreviations: ALB, albumin (g/dL); CRP, C-reactive protein (mg/dL).

Survival time Log-Rank

Mean ± SE (Median) 95% CI P-value

ALB > 3.5 CRP ≤ 10 90.016 ± 8.997a 72.382-107.649 .019

CRP 10-25 49.744 ± 10.834b 28.509-70.978

CRP > 25 28.495 ± 8.258b 12.309-44.680

Note: CRP ≤ 10 group only has a significantly longer survival than the others; with no significant 
differences between CRP > 10-25 and >25 groups.

TA B L E  4   Kaplan-Meier analysis for 
quantitative CRP levels at constant normal 
albumin >3.5 levels

Survival time Log-Rank

Mean ± SE (Median) 95% CI P-value

ALB ≤ 3.5 CRP ≤ 10 52.133 ± 4.116a 44.067-60.200 .008

CRP 10-25 26.713 ± 5.012b 16.889-36.538

CRP > 25 41.276 ± 6.898b 27.755-54.796

Note: CRP ≤ 10 group only has a significantly longer survival than the others; with no significant 
differences between CRP > 10-25 and >25 groups.

TA B L E  5   Kaplan-Meier analysis for 
quantitative CRP levels at constant normal 
albumin ≤ 3.5 levels

Survival time

PMean ± SE 95% CI

CRP > 10 ESR < 15 83.400 ± 18.425a 47.284-119.513

ESR 15-50 41.480 ± 10.003b 21.874-61.086 .011

ESR > 50 14.640 ± 5.104c 4.635-24.645

Note: Survival differences between all ESR levels are statistically significant.

TA B L E  6   Kaplan-Meier analysis for 
ESR levels at constant CRP > 10

Survival time

PMean ± SE 95% CI

CRP ≤ 10 ESR < 15 101.093 ± 11.727a 78.109-124.077

ESR 15-50 47.616 ± 4.341b 39.107-56.125 .004

ESR > 50 34.740 ± 5.969b 23.041-46.440

Note: Only ESR < 15 group has a longer survival, no difference between ESR = 15-50 and 
ESR > 50.

TA B L E  7   Kaplan-Meier analysis for 
ESR levels at constant CRP ≤ 10



     |  5 of 10AKKIZ et al.

high albumin triplet (normal) as shown in Tables 18-20 and figure. 
The patient numbers required for three different parameters to-
gether, did not permit separate evaluation of large vs small tumor 
patients. However, the clinical characteristics of the two groups 
was again interesting. Statistically significant differences were 
again found for GGT, ALKP, AST and Hb, but not for ALT or AFP 
values (Table  21). A comparison of the tumor characteristic be-
tween the 2 groups also showed differences, especially for the 

percent of patients with PVT, and almost for MTD, but not for 
tumor numbers. Thus, an even greater spread was observed for 
survival between the two triplet groups than between the dou-
blet groups. similar differences between the tumor characteristics 
were also observed between the two triplet groups as between 
the two doublet groups.

TA B L E  9   Kaplan-Meier analysis for HCC patients with 
MTD ≤ 5 cm

Survival time Log-Rank

Mean ± SE 95% CI P-value

CRP > 10 & 
ALB ≤ 3.5

31.501 ± 7.676 16.456-46.547 <.001

CRP ≤ 10 & 
ALB > 3.5

70.563 ± 6.982 56.879-84.248

Abbreviations: ALB, albumin (g/dL); CRP, C-reactive protein (mg/dL).

TA B L E  1 0   Kaplan-Meier analysis for HCC patients with 
MTD > 5 cm

Survival time Log-Rank

Mean ± SE 95% CI P-value

CRP > 10 & 
ALB ≤ 3.5

25.023 ± 5.020 15.184-34.862 .001

CRP ≤ 10 & 
ALB > 3.5

46.021 ± 7.014 32.275-59.768

Abbreviations: ALB, albumin (g/dL); CRP, C-reactive protein (mg/dL).

TA B L E  11   Laboratory values for combination of albumin and 
CRP

ALB ≤ 3.5 & 
CRP > 10

ALB > 3.5 & 
CRP ≤ 10

P-value
Median 
(min.-max.)

Median 
(min.-max.)

Hb, g/dL 10.8 (5-22.84) 13.8 (8.1-18) <.001

Plt, 103/μL 139 (10-571) 159 (31-532) .048

HDL, mg/dL 28 (5-89) 38.5 (13.1-96) .001

LDL, mg/dL 90 (10-208) 94 (39-237) .193

AFP, ng/mL 196 (1.02-918 965) 18.5 
(0.5-300 000)

.004

ALKP, IU/L 207 (16-564) 99.5 (36-653) <.001

GGTP, IU/L 113 (13-770) 62 (12-1034) <.001

AST, IU/L 95 (0-952) 44.5 (13-1748) <.001

T.bili, mg/dL 2.73 (0.3-33.99) 1.005 
(0.22-14.07)

<.001

Cholesterol, mg/dL 1.32 (0.9-6.06) 1.14 (0.9-2.29) <.001

ALT IU/L 46 (5.5-1855) 35 (11-2240) .033

Abbreviations: see front page.

TA B L E  1 2   Tumor characteristics for combination of albumin 
and CRP

ALB ≤ 3.5 & 
CRP > 10

ALB > 3.5 & 
CRP ≤ 10

P
Median 
(min.-max.)

Median 
(min.-max.)

MTD size (cm) 7 (1-20.5) 5 (1.3-22.5) .002

% %

Tumor # ≤ 2 59.1 64.7 .407

Tumor # > 2 40.9 35.3

PVT (−) 57.6 79.8 .001

PVT (+) 42.4 20.1

Abbreviations: − (absent), + (present); MTD, maximum tumor diameter 
(cm); PVT, portal vein thrombosis (macroscopic).

TA B L E  1 3   Kaplan-Meier analysis for total cohort

Survival time Log-Rank

Mean ± SE 95% CI P-value

CRP > 10 & 
ESR > 15

29.471 ± 6.742 16.257-42.685 .003

CRP ≤ 10 & 
ESR ≤ 15

95.193 ± 11.757 72.150-118.235

Abbreviations: CRP, C-reactive protein (mg/dL); ESR, erythrocyte 
sedimentation rate (mm/h).

TA B L E  14   Kaplan-Meier analysis for HCC patients with 
MTD < 5 cm

Survival time Log-Rank

Mean ± SE 95% CI P-value

CRP > 10 & ESR > 15 19.00 ± 5.451 11.15-17.84 .021

CRP ≤ 10 & ESR ≤ 15 73.41 ± 9.73 54.34-92.48

Abbreviations: CRP, C-reactive protein (mg/dL); ESR, erythrocyte 
sedimentation rate (mm/h).

TA B L E  1 5   Kaplan-Meier analysis for HCC patients with 
MTD ≥ 5 cm

Survival time Log-Rank

Mean ± SE 95% CI P-value

CRP > 10 & ESR > 15 23.45 ± 5.91 11.86-35.04 .028

CRP ≤ 10 & ESR ≤ 15 52.64 ± 9.69 33.66-71.63

Abbreviations: CRP, C-reactive protein (mg/dL); ESR, erythrocyte 
sedimentation rate (mm/h).
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4  | DISCUSSION

All three parameters that were studied here showed a significant 
worsening of survival with increase in serum factor levels, but only 
for ESR was each factor level significantly different from every other 
factor level (Tables 1-3). This is a first demonstration, to our knowl-
edge, of a relationship between ESR levels and survival for HCC, or 
indeed for any cancer.

We explored further the clinical significance of combining CRP 
and albumin levels for prognostication, as reported by others14-19 
and initially examined the relationship between increasing CRP 
levels and survival, in the context of either normal or low (abnor-
mal) serum albumin levels (Tables  4-7). Increased CRP levels were 
associated with decreased survival, regardless of albumin level, 
but the survival was always lower in the context of lower albumin 
levels. Thus, environment is important in interpreting CRP levels, 
in this case serum albumin, but doubtless also in the total context 

of all other parameters, that were not individually evaluated here. 
Similarly, when ESR levels were evaluated for their relationship to 
survival, the survival was always lower for each ESR level in the con-
text of high vs low CRP levels.

The combination of CRP with albumin, as in the Glasgow Index14 
was found to be significantly associated with survival in the total co-
hort, as expected from the literature, with an almost threefold differ-
ence between the low and high survival groups. However, it was also 
valid for both large and the important small (<5 cm) MTD patients, 
with an almost twofold survival difference, for whom HCC markers 
are often not helpful (Tables 9 and 10). To try to explain the prognos-
tic significance of CRP plus albumin combination in HCC, we next ex-
amined the clinical characteristics of the poor prognosis group (high 
CRP plus low albumin) compared to the good prognosis group (low 
CRP plus high albumin) and found that in the poor prognosis group, 
multiple lab parameters were significantly worse, including total bil-
irubin, Hb and the tumor marker AFP and putative tumor markers 
GGT and ALKP. Interestingly total cholesterol was higher and LDL 
cholesterol was lower in this poor prognosis group, although differ-
ent results have been reported for other HCC cohorts.23 Probably 
the most important clinical differences were in the tumor character-
istics, including AF) as seen in Table 11. The poor prognosis group had 
significantly larger size (median 7 vs 5 cm) tumors (MTD) and percent 
of patients with PVT (42% vs 20%). Interestingly, no significant dif-
ferences were found for numbers of tumor nodules. The same ap-
proach was taken for examining the combinations of CRP plus ESR 
(Tables 13-17). There was a slighter larger range of survival between 
the good and poor prognosis groups, which also held for the small 
and large MTD subcohorts. When the clinical characteristics were 
compared, there were in the poor survival group significantly worse 
Hb, GGT, ALKP and albumin values, but not for AFP or cholesterol; in 
the case of AFP, likely due to the huge range in values. When tumor 
characteristics were compared, there were even greater significant 

CRP > 10 & ESR > 15 CRP ≤ 10 & ESR ≤ 15

P-valueMedian (min.-max.) Median (min.-max.)

Hb, g/dL 11.1 (8.1-14.7) 13.4 (7.15-17.4) <.001

Plt, 103/μL 166 (20-442) 133 (35-2 700 000) .067

Albumin, g/dL 2.525 (1.4-4.52) 3.3 (1.7-4.88) <.001

HDL,mg/dL 28 (10-154) 33 (6.3-74.1) .130

LDL, mg/dL 98 (10-208) 84.5 (30-237) .714

AFP, ng/mL 282 (1.1-64 448) 15.65 (0.5-97 410) .208

ALKP, IU/L 234 (67-981) 104 (36-957) <.001

GGTP, IU/L 121 (16-474) 54 (12-595) <.001

AST, IU/L 81 (16-505) 53 (20-361) .045

ALT, IU/L 50 (11-1586) 44 (12-251) .556

T.bil, mg/dL 1.41 (0.43-21.49) 1.26 (0.45-26.67) .208

Cholesterol, mg/dL 1.215 (0.92-1.91) 1.2 (0.95-2.29) .384

Note: Units as in Table 11. Abbreviations on front page.

TA B L E  1 6   Laboratory values for the combination of CRP and ESR

TA B L E  17   Tumor characteristics for the combination of CRP 
and ESR

CRP > 10 & 
ESR > 15

CRP ≤ 10 & 
ESR ≤ 15

P
Median 
(min.-max.)

Median 
(min.-max.)

MTD size 8 (1.5-20.5) 5 (1-22.5) .003

% %

Tumor # ≤ 2 60.7 69.6 .530

Tumor # > 2 39.3 30.4

PVT (−) 46.4 81.7 .001

PVT (+) 53.6 18.3

Abbreviations: − (absent), + (present); MTD, maximum tumor diameter 
(cm); PVT, portal vein thrombosis (macroscopic).
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differences between the better and worse prognosis groups: MTD 8 
vs 5 cm, and PVT 53.6% vs 18%.

The addition of ESR to CRP plus albumin (triplet parameters) 
resulted in a sevenfold increase in the differences in survival be-
tween the poor and good survival groups (Tables 18-22), that were 
almost maintained in the small and large MTD subgroups. Clinical 

characteristics were similar to the CRP plus ESR groups, as were the 
tumor characteristics, except for an almost threefold difference in 
percent of patients with PVT. The explanation for the large seven-
fold range of survival for the triplet combination compared with ei-
ther of the doublets, is not entirely clear, as the differences in both 

Survival time Log-Rank

Mean ± SE 95% CI P-value

ALB ≤ 3.5 & CRP > 10 & ESR > 30 15.753 ± 4.476 6.980-24.527 <.001

ALB > 3.5 & CRP ≤ 10 & ESR ≤ 30 109.103 ± 13.820 82.015-136.191

TA B L E  1 8   Kaplan-Meier analysis for triplet parameters in the total cohort

TA B L E  19   Kaplan-Meier analysis for triplet parameters in 
MTD < 5 cm

Survival time Log-Rank

Mean ± SE 95% CI P-value

ALB ≤ 3.5 & 
CRP > 10 & 
ESR > 30

11.000 ± 5.558 0.107-21.893 .001

ALB > 3.5 & 
CRP ≤ 10 & 
ESR ≤ 30

82.337 ± 10.787 61.196-103.479

TA B L E  2 0   Kaplan-Meier analysis for triplet parameters in 
MTD ≥ 5 cm

Survival time Log-Rank

Mean ± SE 95% CI P-value

ALB ≤ 3.5 & 
CRP > 10 & 
ESR > 30

12.795 ± 4.390 4.190-21.400 <.001

ALB > 3.5 & 
CRP ≤ 10 & 
ESR ≤ 30

68.218 ± 11.256 46.156-90.281

Abbreviations: CRP, C-reactive protein (mg/dL); ESR, erythrocyte 
sedimentation rate (mm/h); ALB, serum albumim (g/dL).
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clinical and tumor characteristics were similar for the doublet and 
the triplet combinations. Likely, there are other factors that might 
need to be taken into account.

The main findings reported here are the usefulness in consid-
ering blood ESR levels in an HCC prognostic paradigm, which is 
cheap and ubiquitously available. The addition of two inflamma-
tory markers together requires comment, as they reflect different 
processes. CRP is synthesised in the liver and in HCC cells and has 
a reciprocal interaction with interleukins, Il-1 and IL-6, as well as 
STAT 3 and can influence monocyte tumoricidal activity (see Ref 
20 for mechanisms). By contrast, ESR test, using anticoagulated 
whole blood, has no actual function and is a passive reflection 
of inflammatory processes that in turn influence blood viscosity, 
of which fibrinogen levels are a prominent component, which is 
the basis of the ESR test. Thus, CRP and ESR likely reflect differ-
ent aspects of the inflammatory processes. Although albumin is 
widely used as part of several prognostically useful inflammatory 
indices14-19 and was thought to represent nutritional deficiency 
in inflammatory diseases and advanced cancer, it has also been 

reported to directly influence HCC cell growth.24 Furthermore, 
evidence has been provided that CRP can directly influence both 
the myeloid and immune compartments, as well as several aspects 
of the inflammatory microenvironment.25-29 Thus, CRP and possi-
bly albumin may be active mediators of both hepatocarcinogenesis 
and a more aggressive phenotype, and not just passive reflections 
of the inflammatory processes. CRP levels, however, seem to be a 
reflection of hepatocarcinogenic mechanisms, either known or to 
be discovered.

Prognostic markers for HCC are generally found to be in distinct 
categories. They include: a, tumor-related characteristics, as in most 
other solid tumors; b, liver function and its impairment; c, semi-spe-
cific markers for HCC, such as AFP, des-gamma carboxy prothrom-
bin (DCP) and p-glypican, amongst others; d, inflammation8-11,13-21 
and nutritional based indices,14,21 including liver inflammation pa-
rameters, GGT and ALKP.30-32 Inflammation, both local (CRP) and 
systemic (ESR) has recently emerged as an important reflection of 
HCC aggressiveness and prognosticator. Various other clinical ap-
proaches have been taken to its measurement, including peripheral 
blood neutrophil to lymphocyte (NLR) and platelet to lymphocyte 
(PLR) ratios.21,33-49 These novel markers of disease activity are 
especially needed for that 50% of HCC patients who do not have 
elevated AFP levels.30,46,50 However, a central unanswered ques-
tion is why elevated values of these inflammation markers predict 
poor survival. This relates to the cause of death in HCC patients. 
Some die of cachexia from growth of their tumors, as in other tumor 
types; others die from destruction by tumor growth of liver paren-
chyma; still others may die from the inflammatory processes them-
selves, as in many other chronic inflammatory diseases. However, 
it seems that several of these biomarkers may actively participate 
in the inflammatory and carcinogenic processes.26-29,37,38,40 Thus, 
study of HCC inflammatory biomarkers is likely to lead to new in-
sights into HCC pathogenesis and new approaches to treatment, as 
IL-6 which controls CRP synthesis, is a recent novel target in tumor 
therapy.51,52

ALB ≤ 3.5 & CRP > 10 & 
ESR > 30

ALB > 3.5 & CRP ≤ 10 & 
ESR ≤ 30

P-valueMedian (min.-max.) Median (min.-max.)

Hb, g/dL 11.1 (9.3-14.7) 14.2 (9.7-17.6) <.001

Plt, 103/μL 204 (80-363) 157 (46-382) .171

HDL,mg/dL 27.1 (16.5-64.5) 39.9 (17.4-74.1) .011

LDL,mg/dL 91.5 (58-208) 98.15 (39-237) .312

AFP,ng/m 160 (1.1-64 448) 13.65 (0.5-300 000) .371

ALKP,IU/L 181 (67-449) 90 (38-351) .001

GGTP,IU/L 126 (16-431) 57 (12-583) .003

AST,IU/L 81 (16-505) 37 (20-138) .006

T.bili,mg/dL 1.31 (0.43-16.62) 1.005 (0.49-3.2) .088

Cholesterol, mg/dL 1.22 (0.92-1.91) 1.15 (0.9-2.29) .028

ALT, IU/L 56 (11-238) 35 (13-139) .077

Note: Units as in Table 11. Abbreviations on front page.

TA B L E  2 1   Laboratory values for triplet 
parameter combination of CRP, ESR plus 
albumin

TA B L E  2 2   Tumor characteristics for triplet parameters

ALB ≤ 3.5 & 
CRP > 10 & 
ESR > 30

ALB > 3.5 & 
CRP ≤ 10 & 
ESR ≤ 30

PMedian (min.-max.) Median (min.-max.)

MTD size 7.25 (2.5-16) 5 (1.4-22.5) .051

% %

Tumor # ≤ 2 41.2 68.3 .078

Tumor # > 2 58.8 31.7

PVT (−) 50.0 82.8 .017

PVT (+) 50.0 17.2

Abbreviations: CRP, C-reactive protein (mg/dL); ESR, erythrocyte 
sedimentation rate (mm/h); ALB, serum albumim (g/dL).
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