1626

CRP is a superior and

prognostically significant :
inflammation biomarker for
hepatocellular cancer \
patients treated by liver =2
transplantation

Abstract

Background: Inflammation and its markers are considered prognostically important for many cancers, including
Hepatocellular Carcinoma (HCC). However, it is not really clear which markers are the best.

Aims: To assess in a cohort of prospectively-evaluated HCC patients who were treated with liver transplant and whose
survival was known, multiple commonly used inflammatory markers in relation to survival and to both clinical and tumor
aggressiveness parameters.

Results: Amongst 330 transplanted HCC patients, CRP was found to be the only significant inflammatory marker for
survival, on multivariate Cox regression analysis. NLR, PLR, GGT, AST, ALT and the Glasgow inflammation score were also
found to be significant, but on univariate analysis only. CRP was significant in patients with both small (< 5 cm) and large
HCCs and in patients with elevated or low Alpha-Fetoprotein (AFP) levels. Comparison of HCC patients with high (>2.5 mg/
dL) compared low serum CRP levels showed significant differences for blood levels of NLR, LMR, Hb, total bilirubin and
liver transaminases, as well as Maximum Tumor Diameter (MTD) and percent of patients with Portal Vein Thrombosis (PVT).

Conclusions: Elevated serum CRP levels were associated with significantly increased MTD and percent of patients with PVT
and significantly worse overall survival in HCC patients who were treated by liver transplantation.

Keywords: HCC, CRP, survival, cox

Abbreviations: CRP: C-Reactive Protein; AFP: Alpha-Fetoprotein; ALKP: Alkaline Phosphatase; AST: Aspartate Amino
Transferase; ALT: Alanine Amino Transferase; GGT: Gamma Glutamyl Transpeptidase; HCC: Hepatocellular Carcinoma; MTD:
Maximum Tumor Diameter; OS: Overall Survival; PVT: Portal Vein Invasion; HR: Hazard Ratio; Hb: Hemoglobin; Glasgow:
Glasgow Index; NLR: Neutrophil to Lymphocyte Ratio; PLR: Platelet to Lymphocyte Ratio; LMR: Lymphocyte to Monocyte
Ratio; AUC; Area Under the Curve
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Introduction (CRP) is a non-specific index of inflammatory

activity; which is cheap and has been in clinical

Rudolf Virchow first proposed that there
might be an association between chronic
inflammation and development of cancer
in 1863 [1]. A quarter of all human cancers
may be associated with inflammation related
to infections; which likely depends on the
presence of
inflammatory cells [2,3]. In Hepatocellular
Carcinoma (HCC) patients; chronic hepatitis

tumor micro environmental

B or C or alcoholism or metabolic syndrome/
Non-Alcoholic Steatohepatitis (NASH) cause
chronic inflammation and subsequent HCC
development; usually with multiple intermediate
steps in an altered tumor microenvironment

[4,5].

The acute phase reactant C-Reactive Protein

use for years [6] and is a useful blood-based
biomarker of both disease extent and prognosis
in several cancers; especially of the GI tract and
for HCC [7-9]. It is synthesized in the liver and
in HCC cells [10,11] and is thought to reflect
both systemic and local inflammation. Several
other indices of systemic inflammation have
been proposed; most notably the combination
of blood CRP and albumin levels (Glasgow
index) [12,13]; blood ESR levels [14]; and
ratios of Neutrophils To Lymphocytes (NLR)
and Platelets To Lymphocytes (PLR) [15-18];
in addition to liver inflammation enzymes AST;

ALT; GGT in relation to HCC.

In the current study; a number of commonly
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clinically used inflammation markers were
compared for their prognostic usefulness in a
large HCC dataset; but only CRP was found
to be significant for survival in both small and
large size tumor patients; as well as in those with
elevated or low AFP levels.

Methods

Patients who underwent LT for HCC at our
Liver Transplantation Institute between March
2006 and October 2020 were the subjects of
this study. The data were collected prospectively
and were analyzed retrospectively. This study has
been approved by Inonu University Institutional
Review Board (Approval no: 2020/1275).

The clinical parameters and tumor characteristics
0f330 de-identified HCC patients were analyzed
according to CRP levels; the cut-off of which
was found by ROC analysis (FIGURE 1) and
were significantly associated with survival post
liver transplant 12. Categorical (qualitative)
variables were expressed as count and percentage.
Comparisons of groups were made by Pearson’s
chi-square test; continuity corrected chi-square
test or Fisher’s exact test where appropriate for
categorical variables. Quantitative variables
were summarized by median; first quartile and
third quartile values. Two group comparisons
were performed by Mann-Whitney U test. For
more than two groups Kruskal-Wallis test and
Conover pairwise comparison method were
used. Kaplan-Meier survival estimate was used
to determine overall survival of the patients.
Hazard Ratio (HR) estimations were obtained by
either univariate or multivariate Cox regression

analysis. Follow-up period was defined as the
interval between LT until the date of last visit to
the outpatient department for living patients or
until the date of death of the patient. Statistical
tests were considered significant when the
corresponding p value was less than 5%. All
statistical analyses were performed using IBM
SPSS Statistics for Windows version 25.0 (New
York; USA).

Results

B Comparison of inflammation
indices for survival

A univariate Cox regression analysis was
calculated for multiple parameters that have
been considered to reflect hepatic inflammation;
including NLR; PLR and Lymphocyte
to Monocyte Ratio (LMR); the Glasgow
inflammation index and blood levels of GGT;
CRP; albumin; the liver enzymes AST; ALT;
ALKP; GGT; as well as CRP; Hb and platelets
(TABLE 1). Only NLR; PLR; GGT; CRP and
Glasgow index had significant HR p-values.
A subsequent multivariate analysis of those
parameters with significant p-values showed
that only CRP was significant; HR p-value
<0.001 (TABLE 1). Glasgow index could not
be analyzed this way; as its components were
already separately part of the analysis.

B Only CRP had significance

CRP; considered as a continuous variable;
was also significant in Cox univariate and
multivariate analyses when patients with small

0,64

FIGURE 1. Receiver Operating
Characteristics (ROC) curve for
blood CRP values (mg/dL).
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(<5 cm) or large (>5 cm) HCCs were considered  lower CRP levels (<2.5 mg/L) had significantly
separately (TABLE 2). CRP cutoff levels of longer survival that patients with higher levels
2.5 mg/dL; were found by constructing a (>2.5 mg/L) in both the total cohort; as well as
receiver operating characteristic (ROC) curve when patients with smaller or larger HCCs were
AUC=0.798 + 0.048 (95% C.I1=0.703-0.893) considered separately. In TABLE 4; the overall
p<0.001; with a specificity of 0.76 and sensitivity ~mean survival times were calculated according
of 0.85 (FIGURE 1). Kaplan-Meier (KM) to CRP level; and are shown separately for
survival and subsequently Cox analyses were patients with low (<100 IU/mL) or high (100
then performed; using these same CRP cutoffs IU/mL) serum AFP levels. The results show

considered as binary; in the whole cohort and  the prognostic usefulness of serum CRP levels;

separately in patients with small (<5 cm) or large  independently of patient AFP status.
(>5 cm) size HCCs (TABLE 3). Patients with

TABLE 1. Univariate and multivariate Cox regression analyses for the total cohort, n=330.
Univariate Multivariate
Cox regression Cox regression
Univariate HR HR Multivariate HR HR
(95% ClI) p-value (95% ClI) p-value

NLR 1.057 (1.002-1.115) 0.043 1.015 (0.925-1.113) 0.753
PLR 1.004 (1.001-1.007) 0.009 1.004 (0.998-1.010) 0.182
GGT (IU/L) 1.003 (1.002-1.004) <0.001 1.001 (0.997-1.005) 0.615
CRP (mg/L) 1.012(1.007-1.018) <0.001 1.013(1.007-1.019) <0.001
Albumin (g/L) 1.014 (0.747-1.377) 0.928
Platelets (10°/pL) 1.002 (0.999-1.004) 0.148
Hemoglobin (g/dL) 0.983 (0.916-1.056) 0.645
AST (IU/L) 1.002 (1.000-1.004) 0.026 1.001 (0.996-1.005) 0.8
ALT (IU/L) 1.001 (1.000-1.002) 0.006 1.000 (0.998-1.002) 0.843
ALKP (1U/L) 1.001 (0.998-1.003) 0.715
Glasgow=0 (n=164) reference
Glasgow=1 (n=20) 2.412(1.123-5.180) 0.024
Abbreviations: HR: Hazard Ratio: ALKP: Alkaline Phosphatase, GGTP: Gamma Glutamyltranspeptidase, ALT:
Alanine Aminotransaminase, AST: Aspartate Aminotransaminase, Hb: Hemoglobin, Glasgow: Glasgow Index, NLR:
Neutrophil to Lymphocyte Ratio, PLR: Platelet to Lymphocyte Ratio, LMR: Lymphocyte to Monocyte Ratio, CRP:
C-Reactive Protein.

TABLE 2. Univariate and multivariate Cox regression analyses of CRP in patients with small or

large MTD HCCs.
Univariate Multivariate
Cox regression Cox regression
Univariate HR HR Multivariate HR HR
(95% Cl) p-value (95% Cl) p-value

CRP in: MTD <5cm 1.010(1.003-1.017) 0.003 1.010(1.003-1.017) 0.004

CRPin: MTD <5cm 1.020 (1.001-1.038) 0.035 1.019 (1.001-1.038) 0.037
Abbreviations: MTD: Maximum Tumor Diameter, CRP: C-Reactive Protein, HR: Hazard Ratio.

TABLE 3. Kaplan-Meier and Cox regression analysis for single vari
Kaplan-Meier Univariate
Analysis Cox regression
Survival time (d) Log-Rank HR HR
Mean + SE p-value (95% Cl) p-value
Total CRP=<2.5 2866.03 + 90.48 <0.001 reference
cohort CRP>2.5 2656.46 + 253.60 ’ 6.941 (2.643-18.229) <0.001
CRP<2.5 2951.74 + 60.06 reference
MTD < 5cm <0.001
CRP>2.5 2609.11 +287.02 7.670 (2.183-26.942) 0.001
CRP <25 2439.82 +350.03 reference
MTD>5cm 0.02
CRP>2.5 1425.16 £323.76 4.989 (1.104-22.554) 0.037

Abbreviations: MTD: Maximum Tumor Diameter, CRP: C-Reactive Protein (mg/L), HR: Hazard Ratio, d: Days.
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H Clinical and tumor characteristics
of patients with high and low blood
CRP levels

In order to try to explain the differences in
survival based on high or low blood CRP levels;
the clinical characteristics for patients with high
versus low CRP levels were compared. Patients
with higher CRP levels had significantly different
levels of NLR and LMR; higher blood levels of
total bilirubin and transaminases and lower Hb
levels (TABLE 5). The tumor characteristics
were then compared. Patients with higher CRP
levels had significantly larger tumors and a
significantly higher percent of these higher CRP
patients had PVT; compared to patients with
lower CRP levels (TABLE 6). Levels of AFP;

TABLE 4. Kaplan-Meier and Cox regression analysis for low vs. high CRP levels within AFP groups.

tumor differentiation or percent of patients with
multifocality were not significantly different
between the 2 CRP groups of patients.

B Serum CRP levels related to both
MTD and PVT

Serum CRP levels were then examined in relation
to MTD groups. Patients with MTD<5 cm had
a significantly lower CRP levels than the other
MTD groups (TABLE 7). However; there was
no significant difference between MTD 5 c¢m-7
cm and >7 cm groups in terms of CRP level.
Unlike MTD; microscopic PVT (microPVT)
could not be expressed quantitatively; but only

as the percent of patients with micro PVT
(TABLE 8). A significantly lower percent of

Kaplan-Meier Univariate
Analysis Cox regression
Survival time Log-Rank HR HR
Mean + SE p-value (95% Cl) p-value
CRP < 2.5 2879.84 +113.40 reference
AFP <100 <0.001
CRP>2.5 2730.16 + 286.91 8.093 (2.363-27.720) 0.001
CRP<2.5 2564.91 £ 191.18 reference
AFP>100 0.041
CRP>2.5 2174.28 + 544.69 4.632(0.926-23.172) 0.062
Abbreviations: CRP: C-Reactive Protein (mg/L), AFP: Alpha-Fetoprotein (IlU/mL), HR: Hazard Ratio.

TABLE 5. Clinical characteristics of HCC patients with low or high serum CRP in the total cohort.
CRP =< 2.5 mg/L CRP>2.5 mg/L
Median (1Q-3" Q) Median (1*'Q-3 Q) p
NLR 2.3(1.5-3.5) 3(1.9-5.9) 0.008
PLR 76.6 (55.2-107.9) 91.3(52.1-142.4) 0.189
GGT 59.5(38-116) 73(39-124.3) 0.306
Albumin 2.9 (2.5-3.6) 2.8(2.4-3.2) 0.066
Platelets 92.5 (61-145) 83 (60-161) 0.806
Hemoglobin 12.9(10.8-14.3) 11.4(9.7-13.3) 0.021
Total Bilirubin 1.71(0.95-2.81) 1.9(1.19-5.21) 0.013
AST 51(32-69) 78.5(52-106) <0.001
ALT 36 (25-50) 53 (38-80) <0.001
ALKP 108.5 (82-152) 106 (81-158.5) 0.934

“1**Quartile is the 25™ percentile-3“Quartile is the 75 percentile. Abbreviations and units: see legend to Table 1a.

TABLE 6. Tumor characteristics of HCC patients with low or high serum CRP levels in total cohort.

CRP =< 2.5 mg/L CRP>2.5 mg/L
Median (1:'Q-3Q.) Median (1#Q-3Q.) p
MTD size 2.5(1.2-3.7) 3.5(1.8-5.5) 0.007
AFP 11.4 (4.4-41.2) 8.2 (3.2-44.9) 0.353
# of tumor nodules 1(1-3) 1(1-3) 0.561
% % p
Tumor Well 45.1 47.7 0733
Differentiation Moderate+poor 54.9 523
PVT . None . 67 51.6 0,043
Microscopic 33 48.4

Thrombosis.

"1*Quartile is the 25 percentile-3Quartile is the 75" percentile.
Abbreviations: MTD: Maximum Tumor Diameter, AFP: Alpha-Fetoprotein (IU/mL), PVT: Microscopic Portal Vein

10.4172/clinical-practice.1000443
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TABLE 7. Serum CRP levels according to HCC size.
MTD Median 1%Q 3"Q p
<5cm 0.84° 0.32 3
5-7cm 2.67° 0.46 74 0.006
>7 cm 3.25° 1.35 1.5
Abbreviations: MTD: Maximum Tumor Diameter, CRP: C-Reactive Protein (mg/L). ‘The difference between the
groups with different superscript letters was found to be statistically significant.

TABLE 8. Incidence of microPVT according to serum CRP levels in HCC p
microPVT (-) microPVT (+) p
CRP (%) (%)
<2.5 90.6 9.4°
2.5-5 70.8 29.2b 0.004
>5-10 75 252b
>10 53.8 46.2°

Abbreviations, CRP: C-Reactive Protein (mg/L), microPVT: Microscopic Portal Vein Thrombosis. “The difference
between the groups with different superscript letters was found to be statistically significant.

patients (9.4%) with CRP levels of <2.5 mg/L
than percent of patients with higher blood CRP
levels (>25%) had microPVT. However; the
percent of patients with CRP>5 mg/L-10 mg/L
level was not statistically different from the
others in terms of microPVT positivity.

Discussion

There is much published evidence for a
role of inflammation in many cancers;
including hepatocellular carcinoma [19,20].
Inflammation-based prognostic scores have been
shown to be associated with survival [21] and
with various parameters of tumor aggressiveness
[21]. This may be related to the involvement in
tumor growth of a variety of easily measurable
indices of inflammation such as CRP [21].

Inflammation is thought to induce a
microenvironment that is involved in DNA
damage; tumor growth and angiogenesis and
seems to involve a bidirectional process; in
which inflammation can be seen as a response
to growing tumor cells; yet is also involved in
their growth and invasiveness [19,22]. Various
mechanisms appear to be involved; including
the presence of tumor growth inducing
inflammatory factors and plasma CRP; and
the tumors themselves that can produce
inflammatory cytokines; including CRP; IL-6
and IL-8. Thus; CRP appears to be elevated
both locally (by microenvironment and HCC)
and systemically (by the liver; but possibly
elsewhere; as in other GI cancers). It can thus
be seen as a biomarker for the systemic bodily
response to growing cancer; but also as a locally-
acting mediator of inflammation-associated
cancer growth and invasiveness [23]. It is not

Clin. Pract. (2021) 18(2)

just a passive indicator of inflammation; but
also has actions of its own; such as modulation
of N-cadherin [24] and growth control in some
tumor models [25]. Conversely; CRP levels
can be depressed with chronic consumption of
aspirin [26]; which itself has cancer-prevention
properties. However; the precise mechanisms
that underlie the relationship of inflammatory
markers to tumor biology have not been well

defined.

In the current study; we evaluated a range
of clinically-used inflammation markers and
indices in relation to post-liver transplant HCC
survival.  Despite several parameters being
significant on univariate analysis; only CRP was
statistically significant on multivariate analysis.
Elevated CRP levels were associated with shorter
survival than low serum CRP levels in the total
cohort; as well as when patients with smaller
or larger tumors were examined separately
(TABLE 3); as well as for patients with elevated
or low levels of alpha-fetoprotein (TABLE 4). In
order to try to explain these results; the clinical
laboratory parameters and tumor characteristics
of patients with higher serum CRP levels were
compared with those of patients with lower
CRP levels (TABLE 5). Amongst the clinical
laboratory parameters; NLR; hemoglobin; total
bilirubin; ALT and AST levels were significantly
higher in those patients with higher; compared
with lower CRP levels (TABLE 5). Thus;
indices of inflammation and liver damage were
associated with patients having higher CRP
levels. When the tumor characteristics were
compared; MTD and percent of patients with
microscopic PVT were significantly associated
with patients having higher serum CRP levels;
in comparison to those with low CRP levels.

10.4172/clinical-practice.1000443
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Thus; serum CRP levels correlated with tumor
size and PVT; but not with focality; tumor
differentiation or AFP levels (TABLE 6). CRP in
this analysis thus correlated with tumor growth
(size) and invasiveness. Perhaps that is a sufficient
explanation for the prognostic value of serum
CRP levels; or perhaps other inflammation-
associated factors that were not measured here
could contribute. In addition; there was a
correlation between serum CRP levels and both
MTD and percent of patients having PVT;
likely due to the fact that a significant number
of these patients were beyond-Milan criteria for
liver transplantation for HCC.

Conclusion

Serum CRP levels are thus a useful prognosticator
for patients with HCC undergoing curative
liver transplantation and these results reflect
the importance of inflammation in the
pathophysiology of human HCC.

10.4172/clinical-practice.1000443
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