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Abstract
Background Liver hepatocellular carcinoma (LIHC), as the main type of liver cancer, has become a main
health issue as the third-most common cause of mortality in cancer patients. However, conventional
chemo- or radio- therapies shows little improvement in survival, which calls for novel therapies. Because
of the immunotolerance mechanism existing naturally in liver, immunotherapy provides signi�cant effect
in treatment of LIHC patients. Up to now, various immunotherapies have been proposed, but due to the
complex pathways from which LIHC cancerous cell escape immunosurveillance, combined therapies are
often needed, which are still under development. Methods In the current study, with data downloaded
from TCGA database, CIBERSORT was performed for identifying the composition of in�ltrating immune
cells and further statistical analyses using R 3.5.3 were carried out, aiming at connecting speci�c immune
cells with clinical survival. Results With data of immune and stromal scores downloaded from the
website of MD Anderson Cancer Centre, both showed signi�cance in survival time. Further analyses
based on the result of CIBERSORT demonstrated that the number of macrophages M0 and T cells CD8
in�ltration between para-carcinoma and tumour tissues are markedly different. With combination of
clinical data, we were able to identify that a higher amount of activated NK cells (p=0.008) and a lower
amount of resting NK cells (p=0.047) presented a longer survival time. Conclusion With the help of the
TCGA database and multiple techniques, statistical analyses of transcriptome pro�ling data and clinical
data were successfully carried out. The results in this study may pave the way for a new therapeutic
strategy which could be combined with current treatments to further improve the clinical outcome of LIHC
patients. Further and deeper investigation of other available data, however, were needed in order to verify
the results of current study.

Background
Liver cancer has become a main health issue throughout the world. According to the statistics available
in GLOBOCAN database(1), despite relatively low incidence of liver cancer overall compared with breast
or lung cancer in 2018, its mortality rate was at the fourth place. In males, especially, the second-most
cancer-related death were from liver cancer (Figure 1). 

Among all types of liver cancer, liver hepatocellular carcinoma (LIHC) is the most common one (2),
whereas most patients fail to be detected early enough and are reduced to palliative therapy (3). Because
of the immunotolerance mechanism existed naturally in liver, cancer cells can easily escape from the
immunosurveillance system, and such tolerance is further enhanced in patients with hepatocellular
carcinoma according to previous studies (4,5). As a result, immunotherapy provides signi�cant effect in
treatment of LIHC patients, while traditional therapies such as chemotherapy show no bene�t for survival
rate (6). 

Furthermore, increasing researches (7) have proven that tumour microenvironment in LIHC, which mainly
includes �broblasts, immune cells and endothelial cells, plays an important role in pathogenesis and
prognosis. The algorithm developed by Yoshihara et al. (8) helps calculate immune and stromal scores
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which indicate immune and stromal cells in�ltration respectively, which then helps interpret the
association between tumour microenvironment and cancer outcomes.

 In recent years, novel immunotherapies like anti-CTLA-4 and anti-PD-1 have been proposed (9), and at the
same time have longer durability of response and lower cytotoxicity (10). Due to the complex pathways
LIHC cancerous cell escape from immunosurveillance, combined therapies are often needed. Thus, this
article presents results of immune cells in�ltration in LIHC patients and relationship between speci�c
immune cells and clinical survival. Hopefully, the identi�cation of related immune cells would pave the
way for a novel combined strategy of various immunotherapies against LIHC.

Methods
Patients and samples

All transcriptome pro�ling �les and clinical data of 376 patients with LIHC were downloaded from TCGA
database (11). The results of immune cells in each sample were performed on the website of CIBERSORT
developed by Newman et al (12), and those with a p-value less than 0.05 were selected for further study.
The results of Stromal and Immune scores were downloaded from the website of MD Anderson Cancer
Centre (13) using the ESTIMATE algorithm (8).

 

Statistical analysis

All analyses were performed with R 3.5.3. Wilcoxon test was used to de�ne the correlations between
clinical status and immune data. Survival analysis was performed using Kaplein-Meier curve and log-rank
test. Other necessary tests are performed with the help of R packages (Figure 2).

Results
Stromal and Immune scores show correlation with patients’ survival

Within all the patients with complete clinical data, 121(32.6%) were female, and 250(67.4%) were male.
Clinical staging revealed 171(46.1%) Stage I, 86(23.2%) Stage II, 85(22.9%) Stage III, 5(1.3%) Stage IV and
24 (6.5%) unknown. With data downloaded from the website of MD Anderson Cancer Centre, it showed
that stromal score ranged from -1741.56 to 1195.07, while, immune scores ranged from -1209.16 to
2934.36. 

In order to determine whether there was correlation between survival time and stromal or immune scores,
we divided the patients into two groups based on scores: the lowest 25% as ‘low’ and the rest 75% as
‘high’. Both Kaplein-Meier curve (K-M curve) and log-rank test showed stromal and immune scores were
signi�cantly co-related with patients’ survival.   (Figure 3a & 3b)     
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De�ning immune cells composition in acquired TCGA LIHC transcriptome pro�les

As shown in �gure 3a & 3b, a high percentage of immune cells in�ltration in tumour tissues provides long
survival time, which is in accordance with evidence previously reported (14). Therefore, we suggested that
immune cells play an important role in LIHC progression and prognosis. To �nd out speci�c immune cells
composition for further analyses, CIBERSORT (Newman et al.) was carried out using R script downloaded
from its website. Results were selected if P value was less than 0.05, and were presented with heatmap
and correlation heatmap of 22 types of immune cells (Figure 4a & 4b).

 

Immune cell related survival analyses

We combined clinical data with immune cell pro�les and carried out survival analyses, producing K-M
curves for each type of immune cells. However, neither macrophages M0 nor T cells CD8 showed
signi�cant correlation with survival time (p>0.05). Interestingly, when samples with a high amount of
activated NK cells presented a longer survival time (p=0.008), and samples with a low amount of resting
NK cells exactly presented a shorter survival time (p=0.047; Figure5 (a)-(d)). This indicates that the
activity of NK cells in tumour tissues may have a great impact on the prognosis of patients, which is not
clearly shown previously.

Discussion
In the current study, we identi�ed macrophages M0 and T cells CD8 as the two mostly in�ltrated cells in
LIHC, and further analyses demonstrated a negative relationship between them, which meant LIHC
patients could be divided into either macrophages-M0-dominated or T-cells-CD8-dominated. Thus,
survival analysis was carried out, with a surprising result that neither cell showed signi�cant in�uence on
the survival time. Interestingly, the NK cells pairs, activated and resting NK cells, obviously affect
prognosis, suggesting a possible role of NK cells in eliminating malignant tumour cells. However,
considering the relatively small number of cases involved and the low amount of cell counts as shown in
Figure4 (a), more repeated analyses with disparate samples should be performed in the future. 

As the third-most common cause of mortality in cancer patients (15), LIHC responds poorly to
conventional chemotherapy, which calls for novel therapeutics. So far, new drug development mainly
focused on T cells and B cells, which are the two primary composing cells of immune repertoire, serving
as potential biomarkers for the diagnosis and treatment targets for LIHC. (16) Unfortunately, neither of
them demonstrated signi�cance in the current study using TCGA database, but the valid results of NK
cells corresponded with what Juengpanich et al reviewed (17): therapies based on NK cells can
subsequently lead to higher survival rate of HCC patients. Moreover, the completely opposite results that
higher activated NK cells are associated with longer survival time, while higher resting NK cells with
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shorter time, provides possibility for developing combined treatment which includes transforming NK
cells into active forms. 

The main limitation of this study lies in the limited number of valid cases (with p<0.05) after applying the
CIBERSORT algorithm. Possible reasons include diversity of cell in�ltration in LIHC and insu�cient
number of cases for a more accurate CIBERSORT prediction. Hence, further studies should include other
available databases and/or real-time clinical data.
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LIHC: liver hepatocellular carcinoma; NK cell: natural killer cell;
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Figures

Figure 1

Estimated age-standardized cancer incidence and mortality rates (World) in 2018 in males of all ages
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Figure 2

Flow chart of the main analysis procedures in this study

Figure 3
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(a) showed the result of Kaplein-Meier test. Patients were divided into two groups, the lowest 25% as ‘low’
and the rest 75% as ‘high’. The curve shows that mean survival time of ‘high’ group is longer than the ‘low’
group (587.5 days vs 421 days, p=0.038); (b) showed the result of Kaplein-Meier test. Patients were also
divided into two groups, the lowest 25% as ‘low’ and the rest 75% as ‘high’. The curve shows that mean
survival time of ‘high’ group is longer than the ‘low’ group (577 days vs 428 days, p=0.026)

Figure 4

. (a) Heatmap of immune cell composition of 58 samples whose p value is less than 0.05, 3 of which are
para-carcinoma tissues (indicated as blue blocks in the top bar) and 55 of which are tumour tissues
(indicated as pink blocks in the top bar). While most cells present no signi�cant difference, the number of
macrophages M0 and T cells CD8 in�ltration between para-carcinoma and tumour tissues are markedly
different.(b) Correlation heatmap of the 22 types of immune cells. T cells follicular helper and T cells
CD8, T cells CD4 memory activated and T cells CD8 were the two most positively correlated pairs, while
macrophage M0 and T cells CD8, T cells CD4 memory resting and activated were the two most negatively
correlated pairs.
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Figure 5

(a)-(d) show K-M curves of four types of immune cells divided by medians into high and low groups.
Surprisingly, though macrophage M0 and T cells CD8 both show obvious difference between para-
carcinoma tissues and tumour tissues, correlations with survival time were not as signi�cant as
predicted. But interestingly, activated and resting NK cells expressed impact on survival status.


