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Summary 20 

Background 21 

Toll-like receptors (TLRs) are components of innate immunity, but also have a role in 22 

carcinogenesis. The prognostic value of TLR5 and TLR8 tumor expression was examined in 23 

contrast with known risk markers Ki67 and p53. 24 

Methods: 25 

All HCC patients from Oulu University Hospital with available representative tumor sample were 26 

included in this study (n=182). TLR5, TLR8, Ki67 and p53 expression were investigated by 27 

immunohistochemistry. The relation between patient survival and TLR, Ki67 and p53 expression 28 

was calculated with Cox regression adjusted for confounding factors. 29 

Results: 30 

TLR5 cytoplasm intensity was associated with 5-year overall (strong 0.0% vs weak 23.4%, 31 

p<0.001) and disease-specific (strong 0.0% vs weak 34.9%, p<0.001) survival. TLR5 nuclei 32 

percentage was associated with poor 5-year disease-specific survival (high 16.3% vs low 31.5%, 33 

p=0.022). In adjusted analysis, strong TLR5 cytoplasm intensity was an independent risk factor for 34 

poor 5-year overall (adjusted HR 1.88, 95% CI 1.26-2.81) and disease-specific (adjusted HR 2.00, 35 

95% CI 1.27-3.15) survival. High Ki67 and p53 expression associated with 5-year overall- and 36 

disease-specific survival. TLR8 was not associated with patient survival.  37 

 38 

This study suggests that TLR5 expression is independently prognostic in HCC with similar point 39 

estimate as previously known p53. 40 

 41 
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Introduction 43 

Hepatocellular carcinoma (HCC) is one of the most common cause of cancer-related death 44 

worldwide.(1) Despite some progress, HCC remains as a major cause of death often detected at 45 

inoperable stage.(2) New biomarkers to identify patients who could benefit from more aggressive 46 

treatment are needed. Toll-like receptors (TLRs) are a family of pattern-recognition receptors. The 47 

stimulation of TLRs initiate a production of cytokines necessary for the development of effective 48 

host defense mechanisms, which are not limited only to the induction of inflammatory response, but 49 

influence also the adaptive immunity.(3) TLR5 is a bacterial flagellin recognizing receptor, which 50 

mobilizes nuclear factor-κB and tumor necrosis factor-α production upon stimulation. (4) TLR5 is 51 

localized in cell surface.(5) TLR5 expression has been detected in various cancer types (6–11), but 52 

not in human HCC. Previously, increased TLR5 cytoplasm expression was reported in 53 

nasopharyngeal carcinoma (12), gastric dysplasia (9), breast cancer (13) and in squamous cell 54 

carcinoma of the tongue (11). In nasopharyngeal carcinoma, nuclear membrane expression of TLR5 55 

has been also detected.(12) In esophageal cancer, TLR5 nuclear expression was associated with 56 

higher tumor stage, although the biological mechanism explaining this localization is unclear.(14) 57 

TLR5 functions in tumor development and has anti-tumoral effects. TLR8 is located intracellularly 58 

(5), it recognizes single-stranded RNA and is involved in the recognition of viral and bacterial 59 

pathogens resulting in the activation of various proinflammatory cytokines.(15,16) TLR8 60 

expression has been detected in various cancers but not in HCC.(17–20) Cytoplasmic TLR8 61 

expression is associated with tumor cell survival and chemoresistance in lung cancer.(20) Anti-62 

tumoral effects of TLR8 have been previously suggested in HCC.(21)  63 

The aim of this study was to investigate the prognostic role of TLR5 and TLR8 cytoplasmic and 64 

nuclear expression in HCC, and compared with previously known risk factors Ki67 and p53.(22,23)   65 

  66 

 67 



 

Materials and methods 68 

 69 

Study design 70 

This study was a retrospective cohort study in a single tertiary care hospital in Northern Finland. 71 

The Oulu University Hospital cohort has been described in previous study.(24) A total of 273 72 

histologically confirmed HCC patients were treated in Oulu University Hospital between January 73 

1983 and March 12, 2018. Of these, the final series consisted of 182 patients with available 74 

representative tissue material. Patient survival data was acquired form Statistics Finland. The Oulu 75 

University Hospital Ethics Committee approved the study and the need to obtain informed consent 76 

from the study patients was waived by the Finnish National Authority for Medicolegal Affairs 77 

(VALVIRA Dnro 10832/06.01.03.01/2014).  78 

 79 

Data collection 80 

The patients were originally identified from the archives using ICD-10 code C22.0& indicating 81 

hepatocellular carcinoma. Diagnoses from each patient were confirmed by histological 82 

examination. Clinical data was collected from Oulu University Hospitals’ patient records. 83 

Diagnostic Hematoxylin and Eosin-stained (HE) histological samples were retrieved from the 84 

pathological archives. The 8th edition of TNM classification was used in staging. 85 

 86 

 87 

Sample evaluation 88 

The samples originally used for clinical decision-making, were retrieved and used in the present 89 

study. At first, multiple sections from each patient were viewed with light microscope. A 90 

representative slide with visible tumor component was selected and digitized using Aperio AT2 91 

(Leica Biosystems, Wetzlar, Germany). Gastrointestinal pathologist (V-M.P) re-evaluated and 92 



 

confirmed the diagnoses of all included patients. All cases were re-graded (25) by gastrointenstinal 93 

pathologist (V-M.P). 94 

 95 

Tissue microarray 96 

Tissue microarrays (TMAs) were constructed using method that has been described earlier.(26) At 97 

first, the most representative areas with visible tumor cells were selected from the HE-stained 98 

slides. Gastrointestinal pathologist (V-M.P) confirmed the chosen areas. TMAs were constructed 99 

with Galileo CK4500 tissue microarray platform. Tissue cores with diameter of 1,0 mm were taken 100 

from the tumor, using the chosen scanned slides as a guideline. One core was taken per sample 101 

block. 102 

 103 

Immunohistochemistry 104 

Immunohistochemistry was performed on tissue cores, which were selected on the basis of HE-105 

staining as representative for tumor tissue. Antigen retrieval was performed by exposure to high 106 

temperature in Tris-EDTA buffer for 15 min (pH 9.0). The used kit was Dako REAL EnVision 107 

Peroxidase/DAB+, Rabbit/Mouse, REF K5007. Immunostaining was performed manually with 108 

mouse antibodies against TLR5 (NBP2-24787, Novus Biologicals, Littleton, USA) at a dilution of 109 

1:75 (Dilution solution (Dako REAL antibody Diluent REF S2022)), overnight in refrigerator (+8 110 

°), TLR8 (NBP-2-24917, Novus Biologicals, Littleton, USA) at a dilution of 1:850 (Dilution 111 

solution (Dako REAL antibody Diluent REF S2022)), 60 minutes in room temperature, Ki-67 112 

(Bond, Leiga REF PAO230, Leica Biosystems Newcastle Ltd, UK) without dilution, 60 minutes in 113 

room temperature, p53 (DAKO monoclonal mouse clone DO-7, Envision kit, DAKO, Glostrup, 114 

Denmark), at a dilution of 1:400 (Dilution solution (Dako REAL antibody Diluent REF S2022)), 30 115 

minutes in room temperature. For detection of the first antibody binding, we used Dako REAL 116 

EnVision Peroxidase/DAB+, Rabbit/Mouse, REF K5007 (Dako, Copenhagen, Denmark). The 117 



 

reaction was visualized by Dako REAL™ DAB+ Chromogen. As negative control, we used 118 

omission of the primary antibody and replacement of the primary antibody with non-specific mouse 119 

primary antibody isotype. Isotype control (Invitrogen FEF 086599, USA). 120 

 121 

 122 

Histological analysis 123 

All histological analysis was performed independently by two investigators (V.K. and N.K.) 124 

blinded to the clinical data. The assessment of cytoplasm intensity was evaluated using 4-point 125 

scale from 0 (negative) to 1 (weak), 2 (moderate) and 3 (strong) according to most prevalent 126 

positive expression score. The extent of staining was estimated from 0 to 100% to express the 127 

percentage of positive cytoplasm and nuclei. Thus, all values are means of intensities and 128 

percentages from two investigators. For statistical evaluation, each stain (TLR5, TLR8, Ki67 and 129 

p53) were dichotomized by median value into two groups. Ki67 was evaluated by using QuPath 130 

0.2.1 software (27) to detect positively stained Ki67 cells, which has shown a great reproducibility 131 

in breast cancer (28). Cut-offs were as follows: TLR5 cytoplasm intensity <=1.0, TLR5 nuclei 132 

percentage <=95.0, TLR5 cytoplasm percentage <100.0, TLR8 cytoplasm intensity <=2.0, TLR8 133 

nuclei percentage <=27.5, TLR8 cytoplasm percentage <100.0, Ki67 positive cells <=8.0 and p53 134 

nuclei percentage <=10.0. To exclude possible bias related to sample staining intensity, TLR5 and 135 

TLR8 cytoplasm intensities were compared between surgical resection samples and core needle 136 

biopsies with Mann-Whitney U- test. Significant difference between groups was observed 137 

(p<0.001). Since technical reason related to smaller staining area could not be excluded, given 138 

treatment was adjusted to exclude possible bias. Examples of TLR5 and TLR8, 139 

immunohistochemical staining are presented in Figure 1, Examples of Ki67 and p53 140 

immunohistochemical staining are presented in Supplementary Figure 1.  141 

 142 



 

Outcomes 143 

Primary outcomes were 5-year overall- and disease-specific survival. This was defined as death 144 

from any cause (overall survival) or HCC (disease-specific survival) during the interval between the 145 

date of treatment and the end of 5-year follow-up. 146 

 147 

Statistical analysis 148 

χ2-test was used to obtain p-values when comparing categorical variables. The threshold for 149 

significance was set at P < 0.05. Mann-Whitney U was used to compare differences between two 150 

independent groups with continuous variables. Cohen’s kappa was calculated to analyze 151 

interobserver agreement.(29) If interobserver difference was less than one point in intensity or less 152 

than 30% in the proportion of positive cells, the value was counted as an equal. Kaplan-Meier 153 

method was used to compare survival between groups and log-rank test was used to analyze 154 

statistical differences between groups. Cox regression model was used to perform multivariable 155 

analysis between groups with the following covariates: sex (female/male), age (continuous), 156 

comorbidities (Charlson Comorbidity Index 0-1, 2 or higher), cirrhosis (no/yes), Child-Pugh points 157 

(A, B or C), year of operation/diagnosis (1983-2005, 2006-2018), tumor differentiation grade (1-2, 158 

3), stage (1, 2 or higher, according to the 8th edition of the UICC/AJCC TNM categories) and given 159 

treatment (surgery/local ablation/TACE/palliative treatment). Hazard ratios (HR) with 95% 160 

confidence intervals (CI) were provided. Statistical analysis was performed with IBM SPSS 161 

statistics 24.0 (IBM Corp., Armonk, NY). 162 

 163 

Results 164 

 165 

Patients 166 

 167 



 

In 182 HCC patients, median age was 71.1 years (IQR 64.0-79.7) with male dominance (72.2%). 168 

Thirty-six (19.3%) patients underwent surgery, 18 (9.6%) local ablation, 32 (17.1%) received 169 

angiological treatment and 101 (54.0%) palliative treatment. Median tumor size was 65.0 mm (IQR 170 

40.0-100.0). Eighty (42.8%) patients had tumor stage I and 104 (55.6%) tumor stage II or higher. 171 

Median follow-up time was 0.8 years (IQR 0.2-2.0). Overall 5-year survival of the patients was 172 

14.4% and disease-specific survival 22.9%. Baseline characteristics are presented in Table 1. 173 

 174 

TLR5 staining and correlation with clinicopathological variables in hepatocellular carcinoma 175 

Cohen’s Kappa value for TLR5 cytoplasm intensity was 0.984, TLR5 nuclei percentage 0.840 and 176 

TLR5 cytoplasm percentage 0.939. Cytoplasmic TLR5 staining was unreliable with 6 patients and 177 

they were excluded. TLR5 expression was not found on cell membranes. TLR5 cytoplasm intensity 178 

was associated with tumor unifocality (p=0.003). TLR5 nuclei percentage was associated with local 179 

recidives (p=0.021). TLR5 cytoplasm percentage was associated with tumor unifocality (p=0.048). 180 

Baseline characteristics and correlation with clinicopathological variables of TLR5 expression are 181 

presented in Supplementary Table 1. 182 

 183 

TLR8 staining and correlation with clinicopathological variables in hepatocellular carcinoma 184 

Cohen’s Kappa value for TLR8 cytoplasm intensity was 0.973, for TLR8 nuclei percentage 0.788 185 

and for TLR8 cytoplasm percentage 0.781. Cytoplasmic TLR8 staining was unreliable with 7 186 

patients and were excluded. Because only in few cases the cytoplasmic percentage was under 187 

100%, it was not used in statistical testing. TLR8 expression was not found on cell membranes. 188 

TLR8 cytoplasm intensity was associated with AFP (p=0.034). TLR8 nuclei percentage was 189 

associated with tumor unifocality (p=0.008), tumor stage (p=0.014) and tumor recurrence 190 

(p=0.040). Baseline characteristics and correlation with clinicopathological variables of TLR8 191 

expression are presented in Supplementary Table 2. 192 



 

 193 

Outcomes 194 

 195 

TLR5, 5-year survival 196 

 197 

Overall- and disease-specific 5-year survival, TLR5 cytoplasm intensity, percentage of positive 198 

nuclei and cytoplasm percentage 199 

 200 

5-year overall survival in strong and weak TLR5 cytoplasm intensity group was 0.0% and 23.8%, 201 

p<0.001 (Figure 2A), in high and low TLR5 nuclei percentage group 11.7% and 19.0%, p=0.121 202 

(Figure 2C), and in high and low TLR5 cytoplasm percentage group was 11.3% and 22.4%, 203 

p=0.018, respectively. In similar order, disease-specific 5-year survivals were 0.0% and 34.9%, 204 

p<0.001 (Figure 2B), 16.3% and 31.5%, p=0.022 (Figure 2D) and 18.8% and 32.2%, p=0.038, 205 

respectively. 206 

 207 

Cox regression analysis, TLR5 cytoplasm intensity, percentage of positive nuclei and cytoplasm 208 

percentage 209 

 210 

In univariable analysis, strong TLR5 cytoplasm intensity was associated with increased risk for 5-211 

year overall mortality (HR 2.36, 95% CI 1.65-3.38) and for 5-year disease-specific mortality (HR 212 

2.48, 95% CI 1.66-3.71) (Table 2). In multivariable analysis adjusted for confounding factors, 213 

strong TLR5 cytoplasm intensity remained as a risk for 5-year overall mortality (HR 1.88, 95% CI 214 

1.26-2.81) and 5-year disease-specific mortality (HR 2.00, 95% CI 1.27-3.15) (Table 2). In 215 

univariable analysis, high TLR5 nuclei percentage was associated with increased risk for disease-216 

specific mortality (HR 1.56, 95% CI 1.06-2.28), but not in adjusted analysis (Table 2). In 217 



 

univariable analysis high TLR5 cytoplasm percentage was associated with increased risk for 5-year 218 

overall (HR 1.53, 95% CI 1.07-2.18) and disease-specific mortality (HR 1.52, 95% CI 1.02-2.27) 219 

but not in adjusted analysis. 220 

 221 

TLR8, 5-year survival 222 

 223 

Overall- and disease-specific 5-year survival, TLR8 cytoplasm intensity staining and percentage of 224 

positive nuclei 225 

 226 

5-year overall survival in strong and weak TLR8 cytoplasm intensity group was 10.3% and 20.0%, 227 

p=0.354, in high and low nuclei percentage group 9.9% and 20.9%, p=0.157, respectively. Disease-228 

specific 5-year survivals were 17.0% and 31.2%, p=0.182 and 16.8% and 32.0%, p= 0.058, 229 

respectively. Multivariable analysis was not performed in TLR8 due to non-significant differences 230 

in crude survival between groups.  231 

 232 

Ki67 and p53 in HCC 233 

 234 

Ki67 and p53 staining and correlation with clinicopathological variables in hepatocellular 235 

carcinoma 236 

 237 

Cohen’s Kappa value for p53 nuclei percentage was 0.979. Ki67 nuclei percentage was associated 238 

with histological tumor grade (p=0.001). P53 nuclei percentage was associated with tumor size 239 

(p=0.044), tumor stage (p=0.023) and AFP (p=0.008). Baseline characteristics of Ki67 and p53 240 

expression are presented in Supplementary Table 3.  241 

 242 



 

Ki67 and p53, 5-year survival 243 

 244 

Overall- and disease-specific 5-year survival, Ki67 and p53 245 

 246 

5-year overall survival in high and low Ki67 nuclei percentage group was 11.2% and 17.4%, 247 

p=0.010 (Supplementary Figure 2A), in high and low p53 nuclei percentage group 6.5% and 23.3%, 248 

p<0.001 (Supplementary Figure 2C) respectively. Disease-specific 5-year survivals were 15.5% and 249 

29.9%, p=0.001 (Supplementary Figure 2B) and 10.6% and 35.3%, p<0.001 (Supplementary Figure 250 

2D), respectively.  251 

 252 

 253 

Ki67 and p53 nuclei percentage, cox regression analysis 254 

 255 

In univariable analysis high Ki67 was associated with increased mortality for 5-year overall -and 256 

disease-specific survival, but not in adjusted analysis (Table 3). High p53 was associated with 257 

increased risk for 5-year overall -and disease-specific mortality in univariable and adjusted analysis 258 

(Table 3). 259 

 260 

 261 

Discussion 262 

 263 

In this study, we show for the first time that TLR5 expression is a predictor of poor prognosis in 264 

HCC.  TLR8 was not associated with patient survival. TLR5 predicted mortality with similar point 265 

estimate as previously well shown p53 in HCC. 266 

 267 



 

The strengths of this study are homogenous study population and single geographical area where 268 

the diagnosis and treatment occurred in same hospital minimizing the selection bias. Full access to 269 

patient records was available. Good interobserver repeatability was seen throughout the study. One 270 

possible limitation of the study may be the heterogenous staining of the tumor that we were unable 271 

to observe using only TMA. Since the technical reason related to smaller staining sample could not 272 

be excluded, given treatment was adjusted to exclude possible bias. Our group has previous 273 

experience in TLR research, and the utilization of antibodies and immunohistochemical stainings 274 

are well validated.  275 

To include the effect of given treatment, we included surgery, local ablation, TACE or palliative 276 

separately in adjusted model. However, treatment strongly overlaps with other covariates such as 277 

stage, cirrhosis and Child-Pugh index, but to avoid false positive results, this adjusted model was 278 

used as the primary analysis despite the possibility of overadjustment. Despite the strong 279 

adjustment, TLR5 cytoplasm expression remained prognostic. A single institution study causes 280 

limitations to number of patients. The long follow-up period of 35 years (1983-2018) may cause 281 

confounding due to the improvements in HCC treatment and staging over the years. Nevertheless, 282 

all patient charts were reviewed and limitations were taken into account by adjusting with relevant 283 

confounding factors. Patients’ histological samples were re-graded to match with present system.  284 

 285 

Toll-like receptor 5 recognizes bacterial flagellin from both Gram-negative and positive bacteria, 286 

and the activation of TLR5 mobilizes nuclear factor kappa B (NF- κB) and stimulates tumor 287 

necrosis factor- α (TNF-α) production.(4) TLR5 seems to be differently involved in tumor 288 

development depending on tissue or cell origin. Previously, association between TLR5 and cancer 289 

progression has been observed in squamous cell carcinoma of the tongue (11) , cervical 290 

neoplasia,(10) gastric dysplasia and carcinoma,(6,9) esophageal dysplasia (30) and colon 291 



 

carcinogenesis (8). In breast cancer TLR5 expression has been observed, but in contrary, TLR5 292 

activation to flagellin resulted in tumor suppressive activation.(13)  293 

In mouse model study of human colon cancer, lack of MyD88 or TLR5 expression enhanced tumor 294 

growth and inhibited tumor necrosis indicating anti-tumoral activity of TLR5.(7) In a in vivo study 295 

by Kasurinen et al.(31) high TLR5 expression predicted better outcome compared to low TLR5 296 

expression in gastric cancer. In current study high TLR5 expression was connected with poor 297 

survival, compared to low TLR5 expression. One explanation could be a special type of colon and 298 

gastric cancer microbiome compared to HCC.(32–34)  Fusobacterium nucleatum and Helicobacter 299 

pylori are known colon and gastric cancers promoting microbial species and they induce innate 300 

immune response partly through TLR5 signaling via NF- κB dependent manner.(35,36) Low TLR5 301 

activation might lead to impaired recognition of carcinogenetic species such as F. Nucleatum and 302 

H.pylori. This would allow harmful species colonizing colon and gastric tissues and modulating 303 

tumor microenvironment to further promote its growth. In addition, metagenomic analysis have 304 

shown enrichment of Bacteroides and Ruminococcus in HCC. In xenograft model HCC incidence 305 

increased more in wild-type mice compared to TLR5 knock down mice after modulating intestinal 306 

environment more favorable for Bacteroides and Ruminococcus with diet.(37) TLR5 nuclei 307 

expression was associated with increased local recidives, the mechanisms responsible for this and 308 

nuclear localization are currently unknown. In silico modeling suggest that though TLR5 has 309 

potential sequences indicating nuclear localization, the probability is relatively low (NucPred Score 310 

0.34).(38)  Previously, TLR5 nuclear expression was seen in esophageal cancer where it was 311 

associated with lymph node metastases.(14) Ruuskanen et al. noticed that if TLR5 cytoplasm 312 

expression was strong in nasopharyngeal carcinoma, the nuclear membrane expression was 313 

similarly strongly expressed.(12) Their observations suggest that activation of TLRs in abnormal 314 

locations may be related to carcinogenetic processes.(12) Pimentel-Nunes et al. reported similar 315 

findings in gastric carcinogenesis.(39) More studies are needed to understand the biology behind 316 



 

abnormal localization of TLR5 and the possible carcinogenic functions that the abnormal location 317 

may generate.  318 

 319 

TLR8 recognizes viral or bacterial single-stranded RNA promoting innate immune system 320 

responses.(40) Positive correlation between expression level of TLR8 and Bcl-2 or VEGF was 321 

found in cervical cancer samples, which correlated with poor prognosis.(19) High TLR8 expression 322 

has been observed also in various other cancers.(17,18,20) 323 

In our study, TLR8 was not associated with survival, but we noticed that patients with high TLR8 324 

nuclei percentage had multifocal tumors more often. Also, high TLR8 nuclei percentage was 325 

associated with tumor stage and tumor recurrence, these findings have not been reported before.  326 

Interestingly, we documented high nuclear TLR8 expression in 50% of patients. Using NucPred 327 

tool (38), with score 0.86 it is likely that  TLR8 protein translocates into nucleus. Similar findings 328 

have been observed in esophageal cancer (14). It was speculated that viral infections and 329 

carcinogenic alterations may possibly affect TLR8 trafficking.(14) More studies are needed to 330 

understand these mechanisms. 331 

 332 

Antigen Ki67 is a nuclear protein, which is present during active phases of the cell cycle, but is 333 

absent in resting cells.(36) The expression of Ki67 is associated with tumor cell proliferation and 334 

growth, and commonly used in pathological examination as a proliferation marker.(36) The 335 

prognostic value of Ki67 has been observed in HCC as in other cancers.(41,42) In HCC expression 336 

of Ki67 has been linked to poor survival and tumor node metastasis and tumor recurrence. 337 

(23,43,44) In our study, high Ki67 nuclei percentage was associated with poor survival, but in 338 

multivariable analysis the prognostic impact did not remain. 339 

P53 is a tumor suppressor, stimulation of which initiates cell cycle arrest, apoptosis and senescence 340 

in response to cellular stress.(45) In HCC, both viruses and chemicals are associated with the 341 



 

etiology of p53 mutations during the molecular pathogenesis of HCC.(22) Activation of p53 family 342 

is a central event in tumor progression, DNA-damage response, chemosensitivity and prognosis in 343 

HCC.(46) A comprehensive systematic review and meta-analysis showed high p53 association for 344 

worse overall survival in HCC patients, compared with patients with low/undetectable p53 345 

expression,(47) which is in line with the current study as high p53 nuclei percentage was an 346 

independent prognostic predictor for poor survival.  347 

 348 

The results of this study have clinical and research-related implications. This is the first study to 349 

show association with TLR5 and poor prognosis in HCC. The mechanism underlying is not yet 350 

fully understood.  351 

Replication studies are needed in the future to examine the prognostic role of TLR5 and TLR8 in 352 

HCC. Optimal cut-offs need to be determined in future, in order to use TLR in daily work. Based on 353 

this study, TLR5 is a useful biomarker with good interobserver agreement.  354 

 355 

Conclusion 356 

This study suggests that TLR5 expression is independently prognostic in HCC.  357 
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Table 1. Baseline characteristics of HCC patients. 

Variable N (%) 

Age, median (IQR)  71.1 (64.0-79.7) 

BMI kg/m2 (median, IQR)  26.8 (24.1-30.9) 

Male, n (%)   135 (72.2%) 

Treatment  

Surgery 

36 (19.3%) 

Local ablation (RF, Laser, PEI) 

18 (9.6%) 

Angiological treatment (TACE) 

32 (17.1%) 

Palliative/Best supportive treatment 101 (54.0%) 

Year of treatment  

1983-2005 50 (26.7%) 

2006-2018 137 (73.3%) 

Postoperative chemo or radiotherapy 48 (25.7%) 

ASG  



 

No complication 129 (69.0%) 

 

Minor complication 

32 (17.1%) 

 

Major complication 

26 (13.9%) 

Alcohol consumption  

History of alcohol consumption 

56 (29.9%) 

No/Missing 

131 (70.1%) 

Liver cirrhosis  66 (35.3%) 

Charlson Comorbidity Index  

0-1 

80 (42.8%) 

2 or higher 

107 (57.2%) 

Child-Pugh classification   

Child-Pugh A 

114 (61.0%) 

Child-Pugh B 

32 (17.1%) 

Child-Pugh C 

7 (3.7%) 

Missing 

34 (18.2%) 



 

WHO performance status  

Grade 1 

52 (27.8%) 

Grade 2 

64 (34.2%) 

Grade 3 

55 (29.4%) 

Grade 4 or higher 

16 (8.6%) 

AFP, median (IQR)   8.0 (4.0-107.0) 

Tumor size (mm), median, (IQR) 65.0 (40.0-100.0) 

Unifocal tumor 98 (52.4%) 

Tumor stage 

 

 

 

Stage I 

80 (42.8%) 

 

Stage II or higher 

104 (55.6%) 

Histological tumor grade  



 

 526 

 527 

 528 

  529 

Grade 1 or 2 

157 (84.0%) 

Grade 3 

29 (15.5%) 

Vascular invasion 

 

Yes 

11 (5.9%) 

No 

22 (11.8%) 

Tumor recurrence 57 (30.5%) 

Local recidive 25 (13.4%) 



 

Table 2. Overall- and disease-specific mortality of TLR5. Hazard ratios (HR) with 95% confidence 530 

intervals (CI) of mortality comparing patients with HCC treated in Oulu University Hospital 1983-531 

2018.  532 

 Weak TLR5 

cytoplasm 

(n=96) HR 

(95% CI) 

Strong TLR5 

cytoplasm 

(n=80) HR 

(95% CI) 

Low TLR5 

nuclei 

(n=101) HR 

(95% CI) 

High TLR5 

nuclei 

(n=78) HR 

(95% CI) 

5-year 

overall 

mortality 

    

Crude 1 (reference) 2.36 (1.65-

3.38) 

1 (reference) 1.31 (0.93-

1.84) 

Adjusted 

model a 

1 (reference) 1.88 (1.26-

2.81) 

1 (reference) 0.73 (0.50-

1-07) 

5-year 

disease 

specific 

mortality 

    

Crude 1 (reference) 2.48 (1.66-

3.71) 

1 (reference) 1.56 (1.06-

2.28) 

Adjusted 

model a 

1 (reference) 2.00 (1.27-

3.15) 

1 (reference) 0.88 (0.57-

1.33) 

a  Adjustment for age (continuous), sex (female/male), Charlson Comorbidity Index (0-1, 2 or 533 

higher), stage (1, 2 or higher), cirrhosis (no/yes), year of surgery/diagnosis (1983-2005, 2006-534 

2018), Child-Pugh index (A, B or C), Tumor grade (1-2, 3), Treatment (Surgery, Local ablation, 535 

TACE, Palliative treatment). 536 

 537 

  538 



 

Table 3. Overall- and disease-specific mortality of Ki67 and P53. Hazard ratios (HR) with 95% 

confidence intervals (CI) of mortality comparing patients with HCC treated in Oulu University 

Hospital 1983-2018.  

 Low Ki67 nuclei 

(n=97) HR (95% 

CI) 

High Ki67 nuclei 

(n=85) HR (95% 

CI) 

Low p53 nuclei 

(n=96) HR 

(95% CI) 

High p53 nuclei (n=83) 

HR (95% CI) 

5-year 

overall 

mortality 

    

Crude 1 (reference) 1.55 (1.11-2.17) 1 (reference) 2.29 (1.62-3.23) 

Adjusted 

model a 

1 (reference) 1.21 (0.84-1.74) 1 (reference) 1.83 (1.28-2.62) 

5-year 

disease 

specific 

mortality 

    

Crude 1 (reference) 1.85 (1.26-2.71) 1 (reference) 2.48 (1.68-3.66) 

Adjusted 

model a 

1 (reference) 1.41 (0.93-2.14) 1 (reference) 1.97 (1.31-2.96) 

  539 



 

 540 

Figure Legends 541 

 542 

Figure 1. Examples of TLR5 and TLR8 immunohistochemical staining. Immunohistochemical 543 

staining showing (A) strong TLR5 cytoplasm intensity and high nuclei percentage, (B) weak 544 

TLR5 cytoplasm intensity and low nuclei percentage, (C) strong TLR8 cytoplasm intensity 545 

and high nuclei percentage and (D) weak TLR8 cytoplasm intensity.  546 
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Figure 2A. Overall 5-year survival, TLR5 cytoplasm intensity  549 

 550 
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Figure 2B. Disease-specific 5-year survival, TLR5 cytoplasm intensity 552 
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Figure 2C. Overall 5-year survival, TLR5 nuclei percentage 554 
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Figure 2D. Disease-specific 5-year survival, TLR5 nuclei percentage 556 
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