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Abstract
Background: Liver transplantation (LT) is the best treatment for selected patients with cirrhosis and small
hepatocellular carcinoma (HCC) who are not candidates for resection. The proinflammatory effects of systemic
inflammatory response have been linked with HCC. Therefore, the measurement of inflammatory markers
represents a significant tool to limit recurrence after LT.
Results: There are eleven patients with HCC recurrence post-transplantation. Pre-transplantation AFP can predict
HCC recurrence with the best cutoff value of > 17.8 ng/ml with a sensitivity of 82% and specificity of 70%. Posttransplantation CRP can predict HCC recurrence with the best cutoff value of > 0.85 (mg/dl) with a sensitivity of
73% and specificity of 71%. Other inflammatory markers NLR and PLR were not significant in predicting HCC
recurrence. Moreover, HCC recurrence significantly affects the outcome of patients undergoing LT (p value < 0.001)
with a worse prognosis.
Conclusion: Our results showed additional benefits of inflammatory markers as CRP to standard parameters in
predicting HCC recurrence to refine recipient selection and achieve better survival outcomes post-LT.
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Background
Liver transplantation is a highly effective therapy for
early-stage HCC because it offers optimal treatment of
both the underlying liver disease and the tumor, and
also, it provides an excellent long-term survival rate [1].
The Milan criteria are widely used for patient selection
for liver transplantation in patients with HCC. However,
the recurrence rate of HCC is approximately 15–20%
[2], even among patients who fulfill the Milan criteria.
The outcome of liver transplantation in the existence of
such recurrence is poor [3].
Different factors are incriminated in the development
of HCC; one of them is inflammation as it promotes
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liver malignant transformation through upregulation of
cytokines and mediators that inhibit apoptosis, promote
angiogenesis, and damage DNA [4].
Moreover, they facilitate angiogenesis and tumor progression through activation of different oncogenes as RAS
and MYC resulting in cytokine-rich tumor microenvironment and granulocyte recruitment and activation [5].
During necrosis, the progression of hypoxia to anoxia in the tumor can elicit the innate immune
response as a consequence of complement cascade activation and opsonin release leading to an overall rise
in the neutrophil count [6]. Therefore, inflammatory
indices as neutrophil to lymphocyte ratio (NLR), the
platelet to lymphocyte ratio (PLR), and C-reactive
protein (CRP) have been widely investigated as prognostic values for HCC [7].
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The NLR is a measure of the proportion of peripheral
blood neutrophils to lymphocytes and has an important
role in predicting outcomes in several malignancies [8].
On the other hand, the platelets exacerbate the inflammatory response by releasing proteins such as
platelet-derived growth factor (PDGF) and transforming growth factors α and β (TGF). As regards PLR, it
is a simple laboratory test that measures the proportion of platelets to lymphocytes and can be used as a
marker of inflammation [9].
Also, Xia et al. [10] found that elevated PLR Pre-LT is
associated with advanced pathological data including larger tumor size, multiple tumors, and microvascular and
macrovascular tumor invasion.
C-reactive protein is an acute-phase reactant that is
synthesized primarily by hepatocytes [11]. There has
been a growing interest in its role in predicting HCC
outcomes post-LT [12]. It is considered a useful tool in
predicting response to various treatment options and
long-term survival afterwards [13].
Also, inflammatory biomarkers are incorporated into
scoring systems with tumor size and number that will
improve our ability to predict outcomes in HCC patients
post-liver transplantation [7].

Methods
Patient selection

This study was conducted at the Ain-Shams Center for
Organ Transplantation (ASCOT) unit preserving the
rights and privacy of patients’ data. A retrospective study
included 100 participants with HCC with the following
criteria:
Inclusion criteria

HCC patients aged 18–60 years fulfilled Milan/Modified
San Fransisco Criteria, underwent living donor liver
transplantation LDLT during the study period from
March 2008 till March 2018.
Exclusion criteria

Exclusion criteria are pre- or post-transplant sepsis,
active or recent history of massive gastrointestinal
hemorrhage at the time of LT, and history of
hematopoietic agents within the month before LT.
Statistical analysis

A two-sided binomial test was used to show the role of
inflammatory markers as prognostic values for determining HCC recurrence post-LT; the data was collected, revised, coded, and entered into the statistical package for
social science SPSS version 20; and the data was presented as the number and percentage. Receiver operating
characteristic (ROC) curves were generated, and the area
under the curve (AUC) was calculated to evaluate the
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discriminatory ability of inflammatory markers and AFP
providing cutoff values to stratify the patient population.
Diagnosis of the studied cases

Data were retrieved from the file system of the included
patients. HCC was diagnosed according to EASL guidelines (2018), and we have focused on 1-week pretransplantation to document the laboratory investigations
including CBC with differential (commenting on absolute
neutrophil, lymphocyte, and platelet count to calculate
platelet/lymphocyte, neutrophil/lymphocyte ratios), CRP
and AFP, Pre-operative Child-Turcotte-Pugh Scoring
System, and postoperative laboratory investigations (NLR,
PLR, AFP, CRP) after 1 week, in addition to the histological examination of the explant pathology to assess the
microvascular invasion and the grade of differentiation
according to Edmondson and Steiner Grading System.
Grade I consists of small tumor cells, arranged in trabeculae with abundant cytoplasm and minimal nuclear irregularity indistinguishable from normal liver tissue, Grade II
tumors have prominent nucleoli, hyperchromatism, and
moderate nuclear irregularity, Grade III shows more pleomorphism than grade II and have angulated nuclei, and
Grade IV has prominent pleomorphism with often anaplastic giant cells.
Transplantation and follow-up

All LT was performed using the living donor liver
transplantation technique. As regards postoperative immunosuppression, our regular protocol includes corticosteroids in the form of methylprednisolone and tapered
gradually to be stopped within 3 months.
Besides that, calcineurin inhibitors (CNIs) and antimetabolites (MMF) are added, and MMF is usually
stopped at 1-year post-transplantation. Regarding the
HCC recipient protocol, we adopted customized immunosuppressive therapy in the form of steroids tapered
over 3 months and CNI monotherapy to note that the
trough level is kept on a lower level that maintains stable
liver functions without rejection.
At our transplantation unit, patients were followed-up
by AFP and liver ultrasonography once weekly during
the 1st 6 weeks post-LT and then every 2 weeks for the
next 3 months, and monthly for the next 6 months at
OPC, then every 3 months for the rest of the 1st year,
and after that, every 3–6 months according to the scheduled follow-up visit. CT and/or PET scan is done whenever needed according to the results of U\S and AFP.

Results
The demographic features of the studied 100 participants showed that there were 91 males (%) and 9 females (%) with their mean age (52.26 + 6.27) years, and
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the majority of them (98%) were HCV-positive and most
of them had MELD score between 9 and 19 (72%).
Concerning the pre-transplant child score, 23% of our
patients were child A, 32% were child B, and the rest
were child C, while in Milan criteria, 78% of patients fulfilled it in our study.
As regards the explant pathology of the studied cases,
post-transplantation revealed HCC grade I was found in
52 (52%) of them while the rest showed HCC grade II,
besides microvascular invasion in 7 (7%) of them.
Regarding the mean Alpha-fetoprotein (AFP) (ng/ml)
among our studied group, pre-LT was 107.01 ± 47.91
and post-LT was 9.15 ± 6.94.
Also, their pre-transplantation inflammatory markers
showed that the mean calculated PLR was (86.11 ±
51.16), the mean NLR was (2.43 ± 1.39), and the mean
CRP (mg/dl) was (4.40 ± 2.03).
While post-transplantation after 1 week, the mean calculated PLR of the studied patients was (114.61 ± 63.73),
the mean NLR was (2.21 ± 0.64), and the mean CRP
(mg/dl) was (0.8 ± 0.61).
During the 10 years of the follow-up study period
of our studied cases, after 6 months, four patients developed HCC recurrence—one of them developed a
single lesion with grade III differentiation, while the
other three developed multiple lesions with grade II
differentiation—all of them had a microvascular
invasion.

Fig. 1 Mean time to recurrence post-LT of the studied patients
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After 1 year, two other patients developed HCC recurrence with multiple focal lesions with grade III differentiation with microvascular invasion. After 5 years,
another five patients developed HCC recurrence with 3
of them in the form of multiple hepatic tumors. As
regards the histopathological evaluation, 3 of those cases
were grade III and microvascular invasion in all of them.
At the end of the study period, 11 (11%) out of 100
cases developed HCC recurrence post-LT. Kaplan-Meier
survival analysis for the time to recurrence was done
and showed that the mean time to recurrence of the
studied patients after liver transplantation was 2 years
with 95% confidence interval (1–3) years as shown in
Fig. 1.
As regards the relation between the demographic data
with HCC recurrence, our results showed that there was
significant relation regarding the age (years) of the cases
with a mean (47.27 ± 4.92) and recurrence while no significant relation with the gender (Table 1).
Concerning the HCC recurrence and pretransplantation data as MELD, child score of the transplanted patient, and the calculated NLR, PLR, AFP, and
CRP, we concluded that only AFP (ng/dl) with median
(66 ± 50) showed a significant relation with HCC recurrence as shown in Table 2.
The recurrence of HCC and post-transplantation data
of the studied patients showed that there was a significant relation regarding CRP (mg/dl) with median (1.50 ±
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Table 1 The relation between the demographic data and HCC
recurrence
P value*

Recurrence

Age (years)

Gender

Yes

No

Mean ± SD

Mean ± SD

47.27 ± 4.92

52.88 ± 6.17

0.01

N

N

%

P value**
1.00

%

Male (91)

10

11

81

89

Female (9)

1

11.1

8

88.9

Student t test
Chi-squared test

*

**

1.30) and those who had microvascular invasion in the
explant pathology (Table 3).
Regarding the ROC curve of predictive ability of pretransplantation AFP, CRP, PLR, and NLR for the prediction of HCC recurrence as illustrated in Fig. 2 showed
that only pre-transplantation AFP can predict HCC recurrence with best cutoff value > 17.8 ng/ml with a sensitivity of 82% and specificity of 70% as AUC 0.776 with
95%CI (0.654–0.897) (p value =0.003).
Post-transplantation showed that only CRP can predict
HCC recurrence with best cutoff value > 0.85 mg/dl with
a sensitivity 73% and specificity of 71% as AUC 0.807
with 95% CI (0.672–0.943) (p value = 0.001) as described
in Fig. 3.
During the10 years of follow-up, 16 out of the total
100 studied cases died, 9 (56%) of them died with HCC

recurrence while other causes of mortality were listed in
Table 4.
So it was found out that HCC recurrence significantly affects the outcome of patients undergoing LT
(p < 0.001) (Tables 4 and 5).
Finally, regarding the cumulative overall survival of
the studied patients, 100 (100%) according to the
presence or absence of HCC recurrence after liver
transplantation showed that the mean time to death
(survival time) of those without HCC recurrence 89
(89%) was 9 years with 95% confidence interval of 8–
10 years, while the others with HCC recurrence 11
(11%) was 2.5 years with 95% confidence interval of
1–4 years as described in Fig. 4.

Discussion
Hepatocellular carcinoma (HCC) represents about 90%
of primary liver cancers, and also, it is the 5th most
common cancer in the world and the 3rd cause of
cancer-related mortality as estimated by the World
Health Organization [14].
As regards surgical treatment for HCC, initially it
started with resection but soon grew to include liver
transplantation (LT) which is potentially curative
and has become increasingly more common and successful [7].
Although the Milan criteria lower the risk of HCC recurrence and improve the survival of those patients, still
15–20% experience recurrence after transplantation. So

Table 2 The relation between pre-transplantation data and HCC recurrence
P value*

Recurrence
Yes

No

Mean ± SD

Mean ± SD

PLR

100.27 ± 46.17

84.36 ±
51.72

0.33

NLR

2.06 ± 0.37

2.47 ± 1.46

0.03

AFP (ng/ml)

66 ± 50

17.10 ± 7.60

0.003#

CRP (mg/ml)

2.50 ± 1

1.10 ± 0.70

0.43#

Recurrence
MELD score

%

Non-recurrence

%

P value**
0.54

1) Up to 9 (17)

2

11.8

15

88.2

2) Above 9 and up to 19 (72)

9

12.5

63

87.5

3) Above 19 (11)

0

0.0

11

100

CTP A score

Up to 6 (23)

4

17.4

19

82.6

0.26

CTP B score

Early (up to 7) (8)

3

37.5

5

62.5

0.84

Late (up to 9) (24)

2

8.3

22

91.7

Up to 15 (45)

2

4.4

43

95.6

CTP C score

Student t test
**
Chi-squared test (FE Fisher’s exact test)
#
Median and IQR (Mann-Whitney U test)
*

0.06
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Table 3 The relation between post-transplantation data and HCC recurrence
P value*

Recurrence
Yes

No

Mean ± SD

Mean ± SD

PLR

97.09 ± 49.06

116.7 ± 65.21

0.34

NLR

2.16 ± 0.59

2.2 ± 0.65

0.80

CRP (mg/ml)

1.50 ± 1.30

0.60 ± 0.40

0.001#

AFP (ng/ml)

28.00 ± 10.00

4.00 ± 2.40

0.09#

Grade of HCC

Microvascular invasion

N

%

N

%

P value**

Grade I

3

5.8

49

94.2

0.08

Grade II

8

16.7

40

83.3

No

5

5.4

88

94.6

Yes

6

85.7

1

14.3

<0.001

Student t test
Chi-squared test (FE Fisher’s exact test)
#
Median and IQR (Mann-Whitney U test)
*

**

the outcome of liver transplantation depends on the recurrence of HCC as well as its progression post-LT [15].
The histopathological examination of the explant
pathology to assess the microvascular invasion and
the grade of differentiation was used to predict HCC

recurrence as tumor biology is an important risk factor for recurrence [1].
So assessing tumor biology for the risk of recurrence
noninvasively by biomarkers is essential. The measurement of inflammatory markers represents a significant

Fig. 2 Predictive ability of pre-transplantation AFP, CRP, PLR, and NLR for prediction of HCC recurrence
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Fig. 3 Predictive ability of post-transplantation AFP, CRP, PLR, and NLR for prediction of HCC recurrence

tool to assess the risk of HCC recurrence post-LT as the
proinflammatory effects of a systemic inflammatory response (SIR) have been linked with HCC [16].
Among the inflammatory indices, the NLR, the PLR,
and CRP have been widely investigated as prognostic
values for determining post-therapeutic HCC recurrence
and survival [7].

In our study, regarding the etiology of the studied
cases, 98 (98%) are HCV-positive. In fact, there are controversial reports on the influence of hepatitis C on the
risk of HCC recurrence after LT.
However, Vasavada and Chan [17] reported an association of viral infection with lower 5-year recurrence-free
survival (RFS) in the subgroup of hepatitis C patients as

Table 4 Outcome after 10 years of follow-up
Outcome

Cause of death (N= 16)

No of patients

%

Alive

84

84

Dead

16

16

HCC recurrence

9

56.3

Graft rejection

2

12.5

Other tumors (lymphoma/sarcoma)

2

12.5

C.N.S sequaele (stroke)

1

6.3

Biliary complications

1

6.3

Car accident

1

6.3
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Table 5 Percentage of dead patients with HCC recurrence from
all dead patients
P
value*

Outcome
Alive
Recurrence

Dead

N

%

N

%

Yes

2

2.4

9

56.3

No

82

97.6

7

43.8

<0.001

*Student t test

a result of rapid development of liver fibrosis after
living-donor LT.
In the present study, the explant pathology of our
studied cases post-LT revealed that microvascular invasion MVI was found in 7 (7%) of them; besides, HCC
grade I was found in 52 (52%) while the rest showed
HCC grade II.
These results agree with Mehta et al. [18] who conducted their study on 911 HCC patients and concluded
that MVI was found in the explant pathology of 10
(10%) of patients, and also, 40% of their patients had
HCC grade I and 45% had HCC grade II.
In our study, after 10 years of the follow-up period, we
found out that the total number of patients with HCC
recurrence was 11 (11%) out of 100 cases. In concordance with our results, Nissen et al. [19] who reported
that 13 (11%) out of 122 HCC patients developed HCC
recurrence post-LT during the 8 years of follow-up.
Therefore, it is necessary to identify different risk factors for tumor recurrence TR to refine the patient selection. Also, it is important to define recipients who need

closer follow-up and to identify modifiable factors that
may reduce the incidence of TR [20].
Concerning the correlation between different parameters and HCC recurrence, firstly the demographic data
of the studied patients showed that there was significant
relation regarding the age of the cases with mean (47.27
± 4.92) years and HCC recurrence (P value = 0.01).
This is against the results reported by Chan et al. [21]
who conducted their study on 126 patients and concluded that that age was not a significant predictor for
HCC recurrence post-LT.
This may be attributed to that usually HCC patients
aged > 60–70 years are not considered as potential candidates for LT because of the increased comorbidity in
elderly patients, so most of the studied candidates are
younger than that age as our study [21].
Regarding pre-transplantation data of the studied cases
showed that there was a significant relation regarding
AFP (ng/dl) with median (66 ± 50) and HCC recurrence
(P value > 0.01) while no significant relation with NLR,
PLR, and CRP.
This partially agrees with Citores et al. [22] who summarized 9 studies and found that elevated pre-LT AFP
level is an independent risk factor for HCC recurrence
in 8 out of 9 studies.
Regarding the systemic inflammatory markers, they
reported that NLR was found to be associated with
HCC recurrence in 6 out of 9 studies and CRP in 1
out of 2 studies, while PLR was not shown as an independent risk factor in any of the 4 studies in which
it was analyzed [22].

Fig. 4 The cumulative overall survival of patients according to the presence or absence of HCC recurrence
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So, the authors concluded that the utility of systemic
inflammatory markers as prognostic markers for patient
selection for LT is limited and they cannot be universally
applied in all patients, and most of the data are based on
very few retrospective studies, with most having small
sample sizes [22].
On the contrary, Halazun et al. [23] were the first to
demonstrate the link between NLR and liver malignancies in patients who underwent surgery for colorectal
liver metastasis. After that, many studies identified NLR
as an independent risk factor for HCC recurrence, along
with microvascular invasion and/or tumor size and
number in some studies, but not in others [24, 25] which
disagree with our results.
Also, the prognostic significance of PLR for HCC recurrence after LT has been less extensively studied than
that of NLR, but in a recent systematic review and metaanalysis including 899 patients from five studies, high
PLR was associated with a significant increase of HCC
recurrence after LT [26].
Moreover, Pinato et al. [27], Lai et al. [28], and Xia
et al. [10] evaluated PLR as a post-therapeutic HCC
prognostic marker.
In addition, a meta-analysis of 24 studies by Zheng et al.
[29] comprising 6318 patients with HCC, confirmed that
the NLR and PLR can be used as prognostic markers for
predicting post-therapeutic HCC recurrence.
As regards post-transplantation data of our studied
patients, it showed that there was a significant relation regarding those who had microvascular invasion in the
explant pathology and HCC recurrence (P value >0.01).
The previous data goes with Chan et al. [21] who studied
17 out of 126 patients with HCC recurrence following LT
and concluded that the presence of microvascular invasion
was an independent prognostic factor for HCC
recurrence.
Therefore, pre-LT elevated alpha-fetoprotein (AFP)
and the presence of microvascular invasion (MVI) have
been identified as the most commonly independent predictors of overall survival OS and recurrence-free survival RFS in HCC patients post-LT [25] that goes with
our results.
Moreover, in our study, the ROC curve of the predictive ability of AFP for detection of HCC recurrence postLT showed that it can predict HCC recurrence with the
best cutoff value of > 17.8 ng/ml with a sensitivity of
82% and specificity of 70%.
Interestingly, the 9 studies analyzing pre-LT AFP level,
except for one [30], found AFP to be an independent risk
factor for HCC recurrence [22] which supports our results.
Our results also were near to Berry and Ioannou [31]
who reported that HCC recipients with serum AFP level
> 15 ng/ml at transplant time had worse post-transplant
mortality and shorter recurrence-free survival.

Page 8 of 10

Also, Lai et al. [26] found that AFP > 200 ng/mL was
the best prognostic factor with an area under the receiver operating characteristic curve (AUC) of 70.6.
Regarding the ROC curve of predictive ability of posttransplantation CRP in our study showed that it can predict HCC recurrence with the best cutoff value of > 0.85
(mg/dl) with a sensitivity of 73% and specificity of 71%.
This agrees with Kornberg et al. [32] who concluded
that elevated CRP level > 3.5 mg/dl in post-transplant
patients with HCC was an independent predictor of poor
recurrence-free survival.
Also, several studies have reported that the elevated
CRP level independently predicts poor outcomes in
HCC patients undergoing living donor LT [33].
Moreover, it was found out that that elevated serum
CRP was associated with more aggressive tumor behavior and spread pre- and post-LT [34]. Moreover, Na
et al. [35], Mori et al. [36], and Kim et al. [37] reported
the usefulness of using preoperative CRP for prognosis
of HCC recurrence post-LT.
Regarding the relation between HCC recurrence and
outcome post-LT in our study, it showed that HCC recurrence significantly affects the outcome of patients
undergoing LT (p < 0.001).
This is in concordance with Chan et al. [21] who
found that the prognosis of 17 (13.5%) out of 126 patients with HCC recurrence following LT patients was
very poor (p < 0.001).
Finally, regarding the survival analysis according to the
presence or absence of HCC recurrence in our study, it
is concluded that the mean time to death (survival time)
of the studied patients without HCC recurrence 89
(89%) after liver transplantation was 9 years with 95%
confidence interval 8–10 years, while those with HCC
recurrence 11 (11%) was 2.5 years with 95% confidence
interval 1–4 years.
The previous data are near to Meischl et al. [38] who
reported the median overall survival OS of the total
study population post-LT was 11 years, while those with
HCC recurrence had a significantly shorter survival with
a median overall survival OS of 3.5 years with 95% CI.
Moreover, they concluded that the mean time to HCC
recurrence post-LT was 2 years [38], which agrees with
our results and the study conducted by Clavien et al.
[39] who reported that HCC recurrence usually occurs
in 8–20% of recipients and is usually seen during the
first 2 years after LT.
The limitation of the current study is that it was a
retrospective trial with a limited sample size, although
the pro-inflammatory markers did not significantly
affect the HCC recurrence, yet more retrospective
studies with a larger number of patients are needed
to reach the final decision on their role in the HCC
recurrence.
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Conclusion
The rate of HCC recurrence post-liver transplantation
during the 10 years of follow-up was 11 (11%) out of
100 cases.
Pre-transplant AFP can predict HCC recurrence with
the best cutoff value of > 17.8 ng/ml with a sensitivity of
82% and specificity of 70%.
Post-transplant CRP can predict HCC recurrence with
the best cutoff value of > 0.85 (mg/dl) with a sensitivity
of 73% and specificity of 71%.
The mean time to HCC recurrence after liver transplantation was 2 years with a 95% confidence interval.
The mean time to death (survival time) of HCC patients without recurrence after liver transplantation was
9 years with a 95% confidence interval while those with
recurrence was 2.5 years with a 95% confidence interval.
HCC recurrence significantly affects the outcome of
patients undergoing LT (p < 0.001). Therefore, the prognosis of patients with HCC recurrence following LT
remained very poor.
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