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Abstract

Background

Serum C-reactive protein (CRP) is a prognostic factor for overall survival (OS) and recur-

rence of hepatocellular carcinoma (HCC) in patients treated with resection or non-surgical

treatment. Here, we investigated the association of elevated CRP (�1 vs. <1 mg/dL) with (i)

recurrence of HCC and (ii) OS after liver transplantation (LT).

Methods

Adult HCC patients undergoing orthotopic deceased donor LT at the Medical University of

Vienna between 1997 and 2014 were retrospectively analysed.

Results

Among 216 patients included, 132 (61.1%) were transplanted within the Milan criteria and

forty-two patients (19.4%) had microvascular invasion on explant histology. Seventy

patients (32.4%) showed elevated CRP (� 1 mg/dL). On multivariate analysis, a CRP� 1

mg/dL was an independent risk factor for HCC recurrence with a 5-year recurrence rate of

27.4% vs. 16.4% (HR 2.33; 95% CI 1.13–4.83; p = 0.022). OS was similar in patients with

normal vs. elevated CRP levels.

Conclusions

Elevated serum CRP is associated with HCC recurrence after LT and may be a marker for

more aggressive tumor biology. Future studies should evaluate whether patients with ele-

vated pre-transplant CRP levels benefit from closer monitoring for HCC recurrence.
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Introduction

HCC is the fifth most common cancer worldwide, the second most frequent cause of cancer-

related death, and the most common cause of death in patients with liver cirrhosis.[1,2] The

Barcelona Clinic Liver Cancer (BCLC) classification is recommended for staging and treat-

ment allocation and stratifies patients into five categories according to their liver function, per-

formance status, and tumor characteristics.[3,4] For selected patients, liver transplantation

(LT) is the treatment of choice since it cures both HCC and underlying liver cirrhosis. After

the introduction of the Milan criteria[5]–aiming to reduce the rate of recurrence in immuno-

suppressed patients by minimizing the risk of micrometastases at the time of transplantation–

outcome has greatly improved and excellent survival rates (over 70% after five years), similar

to those of patients transplanted for non-malignant indications, have been achieved.[5,6]

More liberal criteria for selection of HCC for LT have been suggested but there is significant

controversy on their clinical applicability. [7–9]

HCC recurrence after transplantation is a major problem even in well-selected patients.

Since patients need to remain on immunosuppression HCC recurrence usually results in a dis-

mal prognosis.[10,11] However, early detection of tumor recurrence may be key to improve

the outcome of these patients.

C-reactive protein (CRP) plays an important role in the development and/or prognosis of

various types of cancer, such as esophageal squamous cell carcinoma, cervical cancer, and

non-small cell lung cancer.[12–14] In HCC, CRP predicted poor overall survival and recur-

rence rates after hepatic resection[15,16] and was related with a poor outcome after living-

donor liver transplantation.[17–19] We previously showed that CRP was independently asso-

ciated with OS in a large cohort of non-surgical HCC patients and validated our results in an

external cohort.[20] In the present study, we investigated the prognostic value of pre-trans-

plant serum CRP in HCC patients undergoing orthotopic LT.

Materials and methods

Patients

We included patients at the age of 18 years or higher (at time of LT) who were diagnosed with

HCC and underwent orthotopic liver transplantation at the Medical University of Vienna

between May 1997 and August 2014. Patients with missing pre-transplant CRP or missing fol-

low-up data were excluded.

In general, patients fulfilling the Milan criteria[5] were candidates for LT. Patients exceed-

ing the Milan criteria, but fulfilling expanded criteria (up-to-seven[7] or UCSF criteria[21]),

and/or who have undergone successful downstaging could also be considered for LT. Absolute

contraindications included extrahepatic metastases, severe cardiac and/or pulmonary diseases

and severe pulmonary hypertension (mean pulmonary arterial pressure >45 mm Hg), ongo-

ing alcohol abuse, ongoing extrahepatic malignancies and ongoing sepsis. Relative contraindi-

cations included morbid obesity, advanced age and persistent non-adherence.[22]

This retrospective analysis was approved by the local human research ethics committee of

the Medical University of Vienna (reference number 1759/2015, approved on 13th of Novem-

ber, 2015). Written, informed consent was not obtained from the patients included in this

study as the study is a retrospective analysis of anonymised patient data.

Data collection

All data were retrospectively collected from the centre’s transplant database. The date of liver

transplantation was considered the baseline of this study.
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HCC was diagnosed by radiological imaging—multiphase computed tomography (CT)

and/or contrast enhanced magnetic resonance imaging (MRI)—or by pre-transplant biopsy.

Any pathological analysis was performed by a senior liver pathologist and tumor grading was

staged according to Edmondson and Steiner[23]. All blood parameters recorded for this study,

including CRP levels, prothrombin time, bilirubin, and albumin were taken at admission for

LT—in the ISO-certified laboratory of the Medical University of Vienna. Only alpha-1-feto-

protein (AFP) was mostly determined earlier than the date of LT.

Child-Pugh score was recorded to describe liver function. Tumor stage was recorded

according to the BCLC classification.[3,4,24]

All LT procedures in this study were performed with grafts from brain death deceased

donors by specialized transplant surgeons at the Medical University of Vienna. After LT, rou-

tine follow-up consisted of clinical and radiological examination every 6 months after

transplantation.

Statistical analyses

In a previous study of HCC patients treated with non-surgical therapy, we assessed the CRP

cut-off by regression spline analysis and found <1/�1 mg/dL to be the optimal cut-off to pre-

dict survival.[20] This cut-off was validated in an independent external cohort[20], as well as

in several other studies of patients with HCC [15–17] and other malignancies[12,14]. There-

fore, we used this cut-off to categorize patients into two subgroups (CRP <1 mg/dL and�1

mg/dL).

Baseline clinical data and tumor characteristics of the overall study population and the sub-

groups CRP <1.0 mg/dL vs.�1.0 mg/dL) were presented using descriptive statistics. Differ-

ences between the two subgroups were assessed by Χ2-test. Time to recurrence (TTR) was

defined as the time from the date of LT until the date of recurrence of HCC diagnosed either

radiologically or histologically. Patients without documented recurrence were censored at the

date of the last radiological follow-up examination. Overall survival (OS) was defined as the

time from the date of LT until the date of death. Patients who were still alive at March 31, 2018

(end of follow-up) were censored at the time of last contact. Survival curves were calculated by

the Kaplan-Meier method and compared by means of the log rank test (univariate analysis).

Variables that reached a p-value of 0.1 or less on univariate analysis were entered into multi-

variate analysis using a Cox proportional hazards model.

A p-value < 0.05 was considered significant. Statistical analyses were performed using SPSS

version 25.0 (Chicago, IL, USA).

Results

Patient characteristics

Of 224 patients transplanted for HCC, 5 patients were excluded because of missing follow-up

data and 3 patients because of missing serum CRP (Fig 1). Table 1 displays the patient charac-

teristics of the 216 eligible patients, all of whom received deceased donor liver transplantation.

Median duration of follow-up was 95.9 months.

One-hundred and eighty-nine subjects (87.5%) were male and 27 (12.5%) were female.

According to explant histology, 132 patients (61.1%) were within Milan criteria. Forty-two

patients (19.4%) had vascular invasion. Median serum AFP level was 8.20 IU/mL and 70

patients (32.4%) had a serum CRP level of 1mg/dL or higher at the time of transplantation.

Patients with CRP�1 mg/dL had a higher Child-Pugh class (p< 0.001). All other variables

were distributed equally between the two subgroups.
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Recurrence and survival

Of 216 patients included, 35 (16.2%) had recurrence of HCC after LT. Median time to recur-

rence was 21.2 months. Recurrence occurred between 2.6 months and 182.8 months after LT.

Patients with CRP� 1 mg/dL had higher recurrence rates than patients with CRP <1 mg/

dL (5-year recurrence rate 27.4% vs. 16.4%; p = 0.055) (Table 2; Fig 2). Of 70 patients with

CRP� 1 mg/dL, 39 (55.7%) patients were within the Milan criteria and 31 (44.3%) patients

were beyond Milan on explant histology.

The variables AFP (p = 0.002; Fig 3), tumor size (p = 0.040; Fig 4), vascular invasion

(p = 0.001; Fig 5), Milan in/out (p = 0.002; Fig 6), and number of nodules (p = 0.003) were also

significantly associated with HCC recurrence (Table 2). Median time-to-recurrence (TTR)

could not be calculated in the subgroups due to the low number of events.

All variables that reached a p-value of 0.100 or less were entered in the multivariate analysis

model for TTR. The variable “Milan in/out” was not entered as this variable is directly derived

Fig 1. Patient flow chart.

https://doi.org/10.1371/journal.pone.0216677.g001
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Table 1. Patient characteristics.

overall study

population

CRP < 1 mg/dL CRP� 1 mg/dL Χ2-test (p value)

N % N % N %

Total 216 100 146 67.6 70 32.4

Age (years) � 65 26 12.0 17 11.6 9 12.9 0.798

< 65 190 88.0 129 88.4 61 87.1

Sex Male 189 87.5 125 85.6 64 91.4 0.227

Female 27 12.5 21 14.4 6 8.6

Etiology HCV 99 45.8 73 50.0 26 37.1 0.089

Alcohol 67 31.0 44 30.1 23 32.9

HBV 23 10.3 16 11.0 7 10.0

Unknown/other 27 12.5 13 8.9 14 20.0

Child Pugh class� A (score 5 or 6) 57 26.4 49 33.6 8 11.4 < 0.001

B (score 7–9) 89 41.2 62 42.5 27 38.6

C (score 10 or higher) 48 22.2 23 15.8 25 35.7

Tumor size (cm)

- pathology

� 3 140 68.4 99 67.8 41 58.6 0.134

> 3 and� 5 52 24.1 35 24.0 17 24.3

> 5 24 11.1 12 8.2 12 17.1

Number of nodules

- pathology

1 98 45.4 71 48.6 27 38.6 0.360

2 58 26.9 34 23.3 24 34.3

3 39 18.1 27 18.5 12 17.1

> 3 21 9.7 14 9.6 7 10.0

Vascular invasion

- pathology

Absent 174 80.6 120 82.2 54 77.1 0.380

Present 42 19.4 26 17.8 16 22.9

AFP pre-LT (ng/mL)x < 200 172 79.6 120 82.2 52 74.3 0.564

200–400 5 2.3 4 2.7 1 1.4

400–1000 6 2.8 4 2.7 2 2.9

> 1000 6 2.8 5 3.4 1 1.4

CRP (mg/dL) < 1 146 67.6 146 100 0 0.0 -

� 1 70 32.4 0 0.0 70 100

Treatment prior to LT† No Treatment 76 35.2 48 32.9 28 40.0 0.119

Any Treatment 132 61.1 (100) 97 66.4 (100) 35 50.0 (100)

TACE 43 19.9 (32.6) 32 21.9 (33.0) 11 15.7 (31.4)

PEI 49 22.7 (37.1) 37 25.3 (38.1) 12 17.1 (34.3)

RFA 15 6.9 (11.4) 13 8.9 (13.4) 2 2.9 (5.7)

Other/combined 25 11.6 (18.9) 15 10.3 (15.5) 10 14.3 (28.6)

Milan in/out

(as by explant pathology)

Milan in 132 61.1 93 63.7 39 55.7 0.260

Milan out 84 38.9 53 36.3 31 44.3

Tumor grade

(Edmondson & Steiner classification)‡
G1 25 11.6 16 11.0 9 12.9 0.114

G2 144 66.7 100 68.5 44 62.9

G3 16 7.4 7 4.8 9 12.9

Abbreviations: AFP, Alpha-Fetoprotein; CRP, C-reactive protein; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; LT, liver transplantation

�Missing, n = 22 (10.2%)
xMissing, n = 27 (12.5%)
†Missing, n = 22 (10.2%)
‡Missing, n = 31 (14.4%)

https://doi.org/10.1371/journal.pone.0216677.t001
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from the variables "number of nodules", "tumor size", and "vascular invasion", all of which

were included in the multivariate analysis separately. Serum CRP was an independent predic-

tor for recurrence in multivariate analysis with a hazard ratio (HR) of 2.23 (95% CI 1.09–4.56;

p = 0.028). Tumor size (p = 0.038), vascular invasion (p = 0.011), and AFP (p = 0.003) were

independently associated with recurrence as well (Table 3).

In total, 86 (39.8%) patients died during follow-up. Median OS of the total study population

was 134.7 months with a 5-year survival rate of 70.0%. In univariate analysis, no difference of

OS was observed in patients with CRP� 1 mg/dl vs. CRP <1 mg/dl (p = 0.909; Table 4; Fig 7).

Subgroup analysis of patients with recurrence of HCC

In the 35 patients who experienced HCC recurrence (n = 13 intrahepatic, n = 22 extrahepatic),

21 patients (60%) died during follow-up and median OS was 14.6 (95% CI 5.5–23.7) months,

calculated from the date of detection of recurrence. OS was impacted by the type of treatment

after recurrence: median OS was 72.0 months (95% CI 3.9–140.1) in the 12 patients treated

with curative intent (e.g. resection, local ablation) for intrahepatic recurrence vs. 10.7 months

(95% CI 0.1–21.3) in the 21 patients who received palliative treatment (e.g. TACE, systemic

treatment, best supportive care) (p = 0.003), of which 16 patients had extrahepatic recurrence.

Two patients in whom recurrence was diagnosed in autopsy were excluded from this analysis.

Table 2. Univariate analysis of time to recurrence.

Variable N year p value

1 3 5 10

Overall study population 216 6.4% 16.9% 20.0% 24.9% -

Age � 65 26 5.3% 16.1% 22.1% 22.1% 0.871

< 65 190 6.6% 17.0% 19.7% 25.4%

Sex male 189 6.6% 15.4% 19.0% 24.6% 0.665

female 27 5.0% 27.3% 27.3% 27.3%

Child-Pugh Class A 57 11.6% 26.6% 29.3% 29.3% 0.355

B 89 5.8% 18.2% 21.6% 23.7%

C 48 2.8% 5.7% 9.3% 22.2%

Tumor size (cm)—pathology � 3 140 7.1% 15.0% 18.0% 19.8% 0.053

> 3 and� 5 52 5.2% 19.2% 25.3% 37.8%

> 5 24 23.3% 51.7% 51.7% 51.7%

Number of nodules—pathology 1 98 1.5% 6.3% 12.0% 24.5% 0.005

2–3 97 11.8% 27.3% 29.6% 38.2%

> 3 21 27.8% 35.8% 35.8% 35.8%

Vascular invasion—pathology absent 174 5.7% 14.4% 16.6% 21.2% 0.001

present 42 16.8% 35.7% 54.6% 54.6%

Milan—pathology in 132 4.4% 11.6% 14.6% 18.0% 0.004

out 84 12.8% 28.6% 35.1% 43.2%

Tumor grade—pathology G1 25 5.9% 17.6% 23.5% 23.5% 0.846

G2 144 7.4% 20.3% 22.5% 28.2%

G3 16 8.3% 18.5% 18.5% 18.5%

AFP pre-LT (ng/mL) < 200 172 4.8% 13.3% 15.8% 21.7% 0.002

� 200 17 21.7% 54.3% 54.3% 54.3%

CRP pre-LT (mg/dL) < 1 146 5.7% 14.0% 16.4% 19.8% 0.055

� 1 70 7.8% 22.8% 27.4% 35.1%

Abbreviations: AFP, Alpha-Fetoprotein; CRP, C-reactive protein; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; LT, liver transplantation

https://doi.org/10.1371/journal.pone.0216677.t002
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Fig 2. Kaplan-Meier curve according to serum C-reactive protein (CRP) level: Time to recurrence (TTR)

according to CRP� 1 mg/dL vs. CRP< 1 mg/dL.

https://doi.org/10.1371/journal.pone.0216677.g002

Fig 3. Time to recurrence (TTR) according to baseline alpha-fetoprotein (AFP).

https://doi.org/10.1371/journal.pone.0216677.g003
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Fig 4. Time to recurrence (TTR) according to tumor size.

https://doi.org/10.1371/journal.pone.0216677.g004

Fig 5. Time to recurrence (TTR) according to vascular invasion.

https://doi.org/10.1371/journal.pone.0216677.g005
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In the overall study population, patients with recurrence of HCC had a significantly shorter

survival (calculated from the date of liver transplantation) with a median OS of 41.5 months

(95% CI 7.0–76.0) for patients who experienced recurrence (n = 35) vs. 200.9 months (95% CI

119.4–282.5) for those without recurrence (n = 181; p = 0.003).

Detailed information on the pattern of recurrence is provided in a supporting table (S1

Table).

Fig 6. Time to recurrence (TTR) according to Milan status.

https://doi.org/10.1371/journal.pone.0216677.g006

Table 3. Multivariate analysis of time to recurrence.

Variable N HR 95% CI P value (Cox regression)

Number of nodules 1 98 1.00 - 0.192

2–3 97 2.04 0.90–4.61

> 3 21 2.44 0.69–8.61

Largest tumor nodule (cm) � 3 140 1.00 - 0.038

> 3 and� 5 52 1.70 0.77–3.75

> 5 24 3.58 1.33–9.67

Vascular invasion Absent 174 1.00 - 0.011

Present 42 2.79 1.26–6.17

AFP pre-LT (ng/mL) < 200 172 1.00 - 0.003

� 200 17 3.97 1.60–9.84

CRP pre-LT (mg/dL) < 1 146 1.00 - 0.028

� 1 70 2.23 1.09–4.56

Abbreviations: AFP, Alpha-Fetoprotein; CRP, C-reactive protein; LT, liver transplantation

https://doi.org/10.1371/journal.pone.0216677.t003
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Discussion

In the present study, we found that serum CRP of 1 mg/dL or higher was associated with

higher tumor recurrence in patients who underwent deceased donor LT for HCC. Previous

studies have reported that elevated CRP levels independently predicted poor outcome in HCC

patients undergoing living donor LT.[17–19,25] Elevated CRP levels are also associated with

poor outcome in non-transplanted HCC patients, as persistently elevated CRP before and after

treatment correlated with poor OS in HCC patients mainly treated with loco-regional thera-

pies.[26] CRP levels were also incorporated in prognostic scores developed for HCC patients

(e.g. Glasgow prognostic score).[27–29]

We have previously demonstrated that serum CRP was associated with more aggressive

tumor characteristics in non-surgical HCC patients and a prognostic factor in patients both

with and without clinically overt infection.[20] Elevated CRP levels also indicate a higher risk

of complications and mortality in patients with liver cirrhosis (without HCC).[30] Given that

HCC usually develops in patients with cirrhosis[2,31], elevated CRP may reflect both more

aggressive tumor behaviour as well as an increased risk of death from complications of liver

cirrhosis.[2,20,30]

Table 4. Univariate analysis—overall survival.

Variable N Med. 95% CI Survival rate P value

1 year 3 years 5 years 10years

Overall study population 216 126.9 60.1–193.8 82.4% 73.8% 70.0% 50.9% -

Age (years) � 65 26 108.4 35.7–181.1 73.1% 61.3% 56.6% 49.5% 0.159

< 65 190 126.9 43.4–210.4 84.3% 76.4% 72.7% 52.5%

Sex Male 189 167.6 108.4–226.8 84.3% 77.0% 72.6% 54.6% 0.057

Female 27 84.5 4.7–164.4 73.6% 57.4% 57.4% 36.1%

Child-Pugh class� A 57 103.6 18.4–188.9 83.5% 74.7% 70.0% 45.6% 0.558

B 89 126.9 56.0–197.8 87.0% 75.1% 72.4% 53.2%

C 48 – 84.5% 79.7% 73.7% 61.7%

Tumor size (cm)—pathology � 3 140 200.9 120.8–281.1 82.6% 75.4% 72.3% 55.1% 0.424

> 3 and� 5 52 108.3 68.8–147.9 78.3% 67.4% 65.0% 45.0%

> 5 24 73.1 8.8–137.5 80.5% 68.1% 55.1% 31.5%

Number of nodules—pathology� 1 98 200.9 77.1–324.7 85.0% 81.2% 79.8% 52.9% 0.258

2–3 97 108.3 61.9–154.8 78.1% 65.6% 58.4% 44.1%

> 3 21 – 77.6% 70.6% 70.6% 70.6%

Vascular invasion—pathology Present 42 223.2 10.9–435.5 75.6% 56.8% 26.7% 26.7% 0.348

Absent 174 167.6 96.1–239.1 83.2% 76.8% 73.7% 51.7%

Milan in/out (pathology) in 132 200.9 88.6–313.2 83.3% 78.6% 76.5% 54.5% 0.199

out 84 108.3 57.3–159.4 79.5% 64.6% 58.3% 42.5%

Tumor grade� G1 25 108.3 9.3–207.3 66.9% 58.5% 58.5% 37.3% 0.164

G2 144 200.9 114.3–287.5 89.6% 78.3% 72.6% 57.3%

G3 16 – 80.2% 80.2% 80.2% 53.5%

AFP (ng/mL)� < 200 172 122.1 64.4–179.9 81.2% 73.7% 70.0% 51.2% 0.821

>200 17 224.6 – 100% 65.6% 56.3% 56.3%

CRP pre-LT (mg/dL) � 1 70 167.6 84.6–250.6 83.5% 74.1% 70.4% 51.4% 0.909

< 1 146 126.9 47.6–206.3 81.7% 75.0% 71.1% 53.4%

Abbreviations: AFP, Alpha-1-Fetoprotein; CRP, C-reactive protein; LT, liver transplantation.

� median survival and/or 95%-confidence interval could not be calculated due to insufficient number of events in this subgroup

https://doi.org/10.1371/journal.pone.0216677.t004
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Since first proposed by Virchow in 1863, the connection between inflammation and malig-

nancies has been well established.[32] CRP seems to play an important role in the development

and/or prognosis of various types of cancer, such as esophageal squamous cell carcinoma, cer-

vical cancer and non-small cell lung cancer.[12–14] Yet, the mechanistic role of CRP in HCC

and in other types of cancer remains largely unclear. The question of whether aggressive

tumor behaviour leads to a prognostically unfavourable inflammatory response and/or sys-

temic or hepatic inflammation per se drives tumor progression needs further exploration.[20]

Recent studies proposed that CRP is mechanistically linked to hepatocarcinogenesis since

upon interleukin-1 (IL-1) stimulation, EGFR-recruited liver macrophages induce interleukin-

6 (IL-6).[33] IL-6 not only stimulates CRP production in hepatocytes[34,35] but also triggers

hepatocyte proliferation and promotes development of HCC.[33,36,37] Notably, the presence

of EGFR-positive liver macrophages in HCC patients was associated with poor survival.[33]

Other inflammatory markers such as the neutrophil-lymphocyte ratio (NLR) have been

correlated to a poor prognosis in HCC patients treated with resection[38–40], liver transplan-

tation[17,41,42], transarterial chemo-embolisation[43,44] or systemic therapy[45–48], sug-

gesting that an “inflammatory phenotype” of HCC is associated with more aggressive tumor

biology[49] and worse prognosis[50,51].

In contrast to the results of other studies[17–19,25], CRP was only associated with recur-

rence but not with overall survival of HCC patients undergoing liver transplantation. We want

to acknowledge some differences to these studies,[17–19,25] which may have influenced the

results at least to some degree, including the different geographical region (European vs. Asian

cohort), use of different grafts for LT (living donor vs. deceased donor), and finally the number

of patients which is higher in our study. Importantly, about one third of the patients with HCC

Fig 7. Kaplan-Meier curve according to serum C-reactive protein (CRP) level: Overall survival (OS) according to

CRP� 1 mg/dL vs. CRP< 1 mg/dL.

https://doi.org/10.1371/journal.pone.0216677.g007
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recurrence in our study were amenable to curative treatment which resulted in an excellent

outcome (median OS of 72 months). This could have prevented an association of elevated

CRP with poorer survival despite the higher recurrence rate. The favourable outcome of

patients whose recurrent HCC was treated with curative intent underlines the importance of

early detection of HCC recurrence after LT that allows the use of potentially curative treatment

options. Elevated pre-transplant CRP could be a useful parameter to select patients at higher

risk of HCC recurrence.

The main limitations of this study are its retrospective design including potential biases and

the limited number of patients in some subgroups.

In conclusion, serum CRP may represent a valuable surrogate parameter for a more aggres-

sive tumor biology. Pre-transplant CRP levels could thus identify patients at higher risk for

HCC recurrence after LT. Early detection of HCC recurrence may allow for curative treatment

options and therefore may improve the outcome of these patients. Future studies should evalu-

ate if closer HCC monitoring intervals in patients with elevated pre-LT CRP levels can

improve their outcome and survival.
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4. Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging classification.

Semin Liver Dis [Internet]. 1999; 19(3):329–38. Available from: https://doi.org/10.1055/s-2007-1007122

PMID: 10518312

5. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F, et al. Liver transplantation for the

treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl J Med [Internet]. 1996

Mar 14; 334(11):693–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/8594428 https://doi.org/

10.1056/NEJM199603143341104 PMID: 8594428

6. Mazzaferro V, Bhoori S, Sposito C, Bongini M, Langer M, Miceli R, et al. Milan criteria in liver transplan-

tation for hepatocellular carcinoma: an evidence-based analysis of 15 years of experience. Liver

Transpl [Internet]. 2011 Oct; 17 Suppl 2(3):S44–57. Available from: http://www.ncbi.nlm.nih.gov/

pubmed/21695773

7. Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, Mariani L, et al. Predicting survival after liver

transplantation in patients with hepatocellular carcinoma beyond the Milan criteria: a retrospective,

exploratory analysis. Lancet Oncol [Internet]. 2009; 10(1):35–43. Available from: https://doi.org/10.

1016/S1470-2045(08)70284-5 PMID: 19058754

8. Yao FY. Liver transplantation for hepatocellular carcinoma: Beyond the Milan criteria. Am J Transplant.

2008; 8(10):1982–9. https://doi.org/10.1111/j.1600-6143.2008.02351.x PMID: 18727702

9. Raj A, McCall J, Gane E. Validation of the ‘metroticket’ predictor in a cohort of patients transplanted for

predominantly HBV-related hepatocellular carcinoma. J Hepatol. 2011; 55(5):1063–8. https://doi.org/

10.1016/j.jhep.2011.01.052 PMID: 21354447

10. Penn I. Hepatic transplantation for primary and metastatic cancers of the liver. Surgery [Internet]. 1991

Oct; 110(4):726–34; discussion 734–5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/1656538

PMID: 1656538

11. Befeler AS, Hayashi PH, Di Bisceglie AM. Liver transplantation for hepatocellular carcinoma. Gastroen-

terology [Internet]. 2005 May; 128(6):1752–64. Available from: http://www.springerlink.com/index/10.

1245/s10434-007-9559-5 PMID: 15887162

12. Shimada H, Nabeya Y, Okazumi S-I, Matsubara H, Shiratori T, Aoki T, et al. Elevation of preoperative

serum C-reactive protein level is related to poor prognosis in esophageal squamous cell carcinoma. J

Surg Oncol [Internet]. 2003; 83(4):248–52. Available from: https://doi.org/10.1002/jso.10275 PMID:

12884238

13. Polterauer S, Grimm C, Seebacher V, Rahhal J, Tempfer C, Reinthaller A, et al. The inflammation-

based Glasgow Prognostic Score predicts survival in patients with cervical cancer. Int J Gynecol Cancer

[Internet]. 2010; 20(6):1052–7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20683416 https://

doi.org/10.1111/IGC.0b013e3181e64bb1 PMID: 20683416

14. O’Dowd C, McRae LA, McMillan DC, Kirk A, Milroy R. Elevated Preoperative C-reactive Protein Pre-

dicts Poor Cancer Specific Survival in Patients Undergoing Resection for Non-small Cell Lung Cancer.

J Thorac Oncol [Internet]. 2010; 5(7):988–92. Available from: http://linkinghub.elsevier.com/retrieve/pii/

S1556086415305438 https://doi.org/10.1097/JTO.0b013e3181da78f9 PMID: 20453690

15. Hashimoto K, Ikeda Y, Korenaga D, Tanoue K, Hamatake M, Kawasaki K, et al. The impact of preoper-

ative serum C-reactive protein on the prognosis of patients with hepatocellular carcinoma. Cancer.

2005; 103(9):1856–64. https://doi.org/10.1002/cncr.20976 PMID: 15779015

16. Chun JM, Kwon HJ, Sohn J, Kim SG, Park JY, Bae HI, et al. Prognostic factors after early recurrence in

patients who underwent curative resection for hepatocellular carcinoma. J Surg Oncol. 2011; 103

(2):148–51. https://doi.org/10.1002/jso.21786 PMID: 21259248

17. Na GH, Kim DG, Han JH, Kim EY, Lee SH, Hong TH, et al. Inflammatory markers as selection criteria of

hepatocellular carcinoma in living-donor liver transplantation. World J Gastroenterol. 2014; 20

(21):6594–601. https://doi.org/10.3748/wjg.v20.i21.6594 PMID: 24914382

18. Mori S, Choi Y, Park M-S, Kim H, Hong G, Yi N-J, et al. Usefulness of preoperative C-reactive protein

and alpha-fetoprotein levels for prognostication of patients with hepatocellular carcinoma after living

donor liver transplantation. Hepatogastroenterology [Internet]. 2014; 61(136):2353–8. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/25699382 PMID: 25699382

19. Kim YK, Kim SH, Lee SD, Hong SK, Park SJ. Pretransplant serum levels of C-reactive protein predict

prognoses in patients undergoing liver transplantation for hepatocellular carcinoma. Transplant Proc.

2015; 47(3):686–93. https://doi.org/10.1016/j.transproceed.2014.11.048 PMID: 25891712

20. Sieghart W, Pinter M, Hucke F, Graziadei I, Schöniger-Hekele M, Müller C, et al. Single determination

of C-reactive protein at the time of diagnosis predicts long-term outcome of patients with hepatocellular

carcinoma. Hepatology. 2013; 57(6):2224–34. https://doi.org/10.1002/hep.26057 PMID: 22961713

CRP and liver transplantation for HCC

PLOS ONE | https://doi.org/10.1371/journal.pone.0216677 May 29, 2019 13 / 15

https://doi.org/10.1055/s-2007-1007122
http://www.ncbi.nlm.nih.gov/pubmed/10518312
http://www.ncbi.nlm.nih.gov/pubmed/8594428
https://doi.org/10.1056/NEJM199603143341104
https://doi.org/10.1056/NEJM199603143341104
http://www.ncbi.nlm.nih.gov/pubmed/8594428
http://www.ncbi.nlm.nih.gov/pubmed/21695773
http://www.ncbi.nlm.nih.gov/pubmed/21695773
https://doi.org/10.1016/S1470-2045(08)70284-5
https://doi.org/10.1016/S1470-2045(08)70284-5
http://www.ncbi.nlm.nih.gov/pubmed/19058754
https://doi.org/10.1111/j.1600-6143.2008.02351.x
http://www.ncbi.nlm.nih.gov/pubmed/18727702
https://doi.org/10.1016/j.jhep.2011.01.052
https://doi.org/10.1016/j.jhep.2011.01.052
http://www.ncbi.nlm.nih.gov/pubmed/21354447
http://www.ncbi.nlm.nih.gov/pubmed/1656538
http://www.ncbi.nlm.nih.gov/pubmed/1656538
http://www.springerlink.com/index/10.1245/s10434-007-9559-5
http://www.springerlink.com/index/10.1245/s10434-007-9559-5
http://www.ncbi.nlm.nih.gov/pubmed/15887162
https://doi.org/10.1002/jso.10275
http://www.ncbi.nlm.nih.gov/pubmed/12884238
http://www.ncbi.nlm.nih.gov/pubmed/20683416
https://doi.org/10.1111/IGC.0b013e3181e64bb1
https://doi.org/10.1111/IGC.0b013e3181e64bb1
http://www.ncbi.nlm.nih.gov/pubmed/20683416
http://linkinghub.elsevier.com/retrieve/pii/S1556086415305438
http://linkinghub.elsevier.com/retrieve/pii/S1556086415305438
https://doi.org/10.1097/JTO.0b013e3181da78f9
http://www.ncbi.nlm.nih.gov/pubmed/20453690
https://doi.org/10.1002/cncr.20976
http://www.ncbi.nlm.nih.gov/pubmed/15779015
https://doi.org/10.1002/jso.21786
http://www.ncbi.nlm.nih.gov/pubmed/21259248
https://doi.org/10.3748/wjg.v20.i21.6594
http://www.ncbi.nlm.nih.gov/pubmed/24914382
http://www.ncbi.nlm.nih.gov/pubmed/25699382
http://www.ncbi.nlm.nih.gov/pubmed/25699382
https://doi.org/10.1016/j.transproceed.2014.11.048
http://www.ncbi.nlm.nih.gov/pubmed/25891712
https://doi.org/10.1002/hep.26057
http://www.ncbi.nlm.nih.gov/pubmed/22961713
https://doi.org/10.1371/journal.pone.0216677


21. Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A, et al. Liver transplantation for hepato-

cellular carcinoma: Expansion of the tumor size limits does not adversely impact survival. Hepatology.

2001; 33(6):1394–403. https://doi.org/10.1053/jhep.2001.24563 PMID: 11391528

22. Graziadei I, Zoller H, Fickert P, Schneeberger S, Finkenstedt A, Peck-Radosavljevic M, et al. Indica-

tions for liver transplantation in adults: Recommendations of the Austrian Society for Gastroenterology
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