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Abstract
BACKGROUND: GRK4 has been the least understood member of the GRKs and its role in cancer has been
rarely investigated. We recently reported that GRK4 halts cell cycle progression and induces cellular
senescence in HEK293 cells, which involoves in pathways of cellular development, proliferation, and cell
death. The present study aimed at assessing the prognostic value of GRK4 in hepatocellular carcinoma
(HCC).

METHODS: Expression of GRK4 was detected by immunohistochemistry in paired tumor and peritumoral
tissues. In total, 126 patients with HCC from Western China were utilized as the training cohort to develop
the nomogram. Eighty-nine cases from Eastern China were used to validate the model’s performance.

RESULTS: GRK4 was expressed at lower levels in tumors than in peritumoral tissues in both training
(p<0.001) and validation cohorts (p<0.001). Tumoral GRK4 intensity score, tumor type and T stage were
independent prognostic factors and used to form a nomogram for predicting overall survival, which
obtained a good concordance index of 0.82 and 0.77 in training and validation cohort, respectively. In the
training cohort, the positive and negative prediction values with the nomogram were 83% and 75%,
respectively, and in the validation cohort was 100% and 52%, respectively. Patients with nomogram
scores greater than 32 and 78 were considered to have a high risk for OS.

CONCLUSIONS: Low GRK4 expression in tumor tissues indicates poor clinical outcomes. The nomogram
including tumoral GRK4 expression would improve the predictive accuracy of OS in HCC patients.

Introduction
Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer and the third leading cause of cancer-
related mortality worldwide[1]. Although hepatectomy, along with other therapies including radiation,
radiofrequency ablation(RFA), and transcatheter arterial chemoembolization(TACE), have provided
survival bene�ts for HCC patients, the frequent intrahepatic recurrence and extrahepatic progression
remain challenging[1,2]. The TNM staging is a concise system widely used to predict postoperative
outcomes of cancer patients but have limit utility in patients with HCC since the same TNM stage often
have different clinical outcomes[2]. An applicable prognostic system for HCC remains to be determined.

G protein-coupled receptor kinases(GRKs) are a family of serine/threonine kinases. In mammals, seven
GRK members have been identi�ed so far. They are grouped into three subfamilies: the GRK1 subfamily
(rhodopsin kinase subfamily, GRK1 and GRK7), the GRK2 subfamily (β-adrenergic receptor kinase
subfamily, GRK2 and GRK3) and the GRK4 subfamily(GRK4, GRK5, and GRK6)[3,4]. GRKs are involved in a
wide range of cellular physiological and pathological activities by phosphorylation of the activated G
protein-coupled receptors(GPCRs) or through non-GPCR phosphorylation[3–5]. Certain GRK signaling
pathways are closely related to the occurrence and progression of tumors[6,7]. Immunohistochemistry
staining(IHS) showed that expression of GRK2 and GRK3 were signi�cantly lower in tumor than in
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adjacent tissues, correlated with disease-free survival and overall survival(OS) in HCC patients[8,9], while
the GRK6 mediated a tumor growth signaling[10].

The human GRK4 gene is composed of 16 exons and 4 splice variants(GRK4α/β/γ/δ) have been
identi�ed. GRK4 has been the least understood member of the GRKs. Unlike the widespread expressions
of GRK2, GRK3, GRK5 and GRK6, GRK4 is limited to the testes, myometrium, kidney and brain[11]. The
biological function of GRK4 involves the desensitization of LH, FSH, mGlu, GABA(B), dopamine D1 and
angiotensin type 1 receptors[11–13]. GRK4 has been linked to the etiopathogenesis of essential
hypertension[13,15]. Two studies showed heterogenous expression for the differential GRK4 splice variant
isoforms in human invasive breast cancer and granulosa cell tumors[16,17]. We recently reported that
exogenous expression of GRK4α halts cell cycle progression and induces cellular senescence in HEK293
cells[18], which involves in pathways of cellular development, proliferation, apoptosis, aging and cell
death[19].

In this study, we investigated the distribution of full-length GRK4 (GRK4α, referred as GRK4 in this
manuscript) in intratumor and peritumor tissues and their signi�cance to prognosis for patients with HCC
using clinical samples. A nomogram was constructed by applying the identi�ed factors to predict OS for
HCC patients. To our knowledge, this is the �rst nomogram model based-on GRK4 risk strati�cation in
cancer.

Materials And Methods

2.1. Patients and tissue samples
Between January 2012 and March 2017, data collected from patients who underwent hepatectomy and
were histologically diagnosed with primary HCC at The Second A�liated Hospital of Guilin Medical
University (2nd AHGMU; Guilin, China). The study was approved by the Institutional Ethics Committee of
2nd AHGMU. The inclusion criteria were as follows: (1) OS was not less than three months, (2) patients
received tumor resection, and (3) tumor tissues and corresponding peritumor tissue samples were
available. Patients who had any preoperative anticancer treatments, extrahepatic metastases or
incomplete clinical data, or undergoing liver resection after intrahepatic recurrence or metastasis were
excluded. The HCC tissues and adjacent healthy tissues were formalin-�xed and para�n-embedded for
construction as a tissue microarray(TMA). The paired HCC tissue TMA from our center was used for the
training cohort to develop the nomogram, and another TMA(TMA HLivH180Su10; Shanghai Outdo
Biotech), which was obtained from the National Engineering Centre for Biochip at Shanghai (Shanghai,
China), was used as the validation cohort.

2.2. Clinical and pathological characteristics
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The general patient data are shown in Table 1. The clinical parameters included tumoral GRK4
expression, gender, age, histological grade, tumor anatomical location, tumor type, tumor number, the
presence of portal vein tumor thrombus (PVTT), cirrhosis status, tumor diameter, and TNM stage.
Additionally, the peritumoral GRK4 expression was recorded. T stage was determined according to the 7th
American Joint Committee on Cancer (AJCC) staging system. The 6th AJCC staging system was used for
the patients (validation cohort) whose surgery was performed before 2010.

2.3. Immunohistochemistry (IHC) staining
The tissue sections were dewaxed in xylene and rehydrated in gradient alcohols. The endogenous
peroxidase activity was blocked with 3% H2O2 for 30 minutes and the non-speci�c antigen epitopes were
blocked with 10% normal goat serum for 30 minutes. Sections were incubated with primary antibodies
(rabbit antihuman GRK4 polyclonal antibodies, Sigma-Aldrich, HPA57023, dilution, 1:100) overnight in a
moist chamber at 4°C, and then with an anti-rabbit secondary antibody (rabbit IgG H+L; Invitrogen,
1:5000) for 20 minutes. Reaction products were visualized using 3,3′-diaminobenzidine, and
counterstained with haematoxylin.

2.4. Evaluation of immunohistochemical �ndings
A Leica CCD camera system (DM2500, Microsystems, Wetzlar, Germany) was used for image acquisition
and processing. As in GRK4-positive cases (shown in Figure 1),, most of the epithelial cells in the HCC
and paired non-cancerous hepatic tissues were stained, and the immunohistochemical score was
evaluated by intensity, which was classi�ed as negative (score = 0), weak positive (score = 1), positive
(score = 2), or strong positive (score = 3).

2.5. Statistical analysis
IBM SPSS Statistics 23.0, GraphPad Prism 7.0 and EmpowerStats was used. T-tests or Mann-Whitney
tests (2-tailed) were used to compare continuous variables, and the χ2 test or Fisher’s exact test was used
to compare categorical variables. The Kaplan-Meier method and log-rank test were used to compare
survival outcomes. A multivariate Cox proportional hazards regression model was used to evaluate the
independent prognostic factors for OS. The β coe�cient of the multivariate Cox regression was
proportionally exchanged with a 0- to 100-point scale for the nomogram. The highest β coe�cient was
equal to 100 points. The predictive result of the nomogram was reviewed by the concordance index (C
index) and calibrated with 500 bootstrap samples. Total nomogram scores of each patient were pooled
and the optimal threshold value was screened using the receiver operating characteristic curve (ROC) by
maximizing the Youden index. Sensitivity, speci�city, predictive values, and likelihood ratios served to
accurately determine the cut-off value of the nomogram. In all analyses, the nomogram was constructed
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by multivariate Cox regression with p<0.1; all remaining assays were considered statistically signi�cant at
p<0.05.

Results

3.1. Clinicopathological features
Data from 448 patients who underwent hepatectomy were collected. Of these, para�n-embedded tissues
from 37 patients were inadequate for inclusion in the TMA, and 86 patients had received other treatment
before surgery, had hepatectomy after recurrence, or OS was shorter than three months. Tissues from 325
patients were included, which contained 126 paired tumor tissues and peritumor tissues and an
additional 199 tumor tissues. Unfortunately, 199 patients whose had incomplete clinical information or
met other exclusion criteria were excluded from the survival assay. For the validation cohort, the TMA was
constructed using specimens from 93 cases, containing 87 paired para�n-embedded HCC tissues and
peritumoral tissues and 6 HCC tissues without paired peritumor tissues. Four patients whose OS were
less than 3 months were excluded. In summary, 126 and 89 cases met the criteria for survival assays in
the training cohort and validation cohort, respectively. The baseline characteristics of the patients are
provided in Table 1. The related features of the two cohorts were similar. The clinicopathologic data of
325 cases were shown in Supplementary Table 1.

3.2. Immunohistochemical �ndings of GRK4 in the TMA
To investigate the correlation between GRK4 expression and clinical/pathological features, we carried out
IHS of the TMA. GRK4 was mainly localized cytoplasmic. The stromal cells were not immunostained
(Figure 1).. Either in the training cohort or validation cohort, GRK4 was overexpressed in the peritumor
tissue and exhibited low expression in the tumor tissue (p<0.001). Moreover, the proportion of patients
with GRK4-positive peritumor tissue was more than that with positive tumor tissue (Figure 2).. The
average GRK4 intensity scores in tumor and peritumor tissues in the training cohort were 1.1 and 2.5,
respectively (p<0.001), and 1.1 and 2.3 (p< 0.001), respectively, in the validation cohort (Figure 2a).. More
than 90% of patients whose peritumor tissues displayed positive GRK4 expression (Figure 2b)..

3.3. Correlations between GRK4 staining and clinicopathological
features
As shown in Supplementary Table 2 and 3, neither intratumoral nor peritumoral GRK4 expression
correlated with any pathological feature in the training or validation cohort. Neither tumoral nor
peritumoral GRK4 expression differed signi�cantly between patients with high and low histopathological
grade (p = 0.36), PVTT (p = 0.13), cirrhosis (p = 0.87), number of tumors (p = 0.95) or T stage (p = 0.372).
As expected, most of the surviving patients were not those who lacked GRK4 expression (p<0.05) by the
last follow-up in both cohorts. Interestingly, half of the patients with high GRK4 expression in the
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peritumor tissue displayed non-staining in tumor tissues in the training cohort (p = 0.05). However, a
different outcome was observed after information of the additional 199 cases without paired peritumor
tissues were included. Therefore, the data was reclassi�ed into two clusters on the basis of low (score 0–
1) and high (score 2–3) tumoral GRK4 expression. Meanwhile, the other data, such as T stage, and re-
assayed, were merged (Table 3). GRK4 expression in tumors was correlated with histological grade
(p<0.01), T stage (p<0.01), N stage (p<0.05), and total stage (p<0.01) (Supplementary Figure 1).

3.4. Prognosis and independent prognostic factors
The median follow-up time was 35 months (range of 10–52 months) in the training cohort and 79
months (range of 11–80 months) in the validation cohort. In the training cohort, the 1-, 3-, and 5-year
survival rates were 89%, 42%, and 16%, respectively, and the corresponding rates for the validation cohort
were 76%, 42% and 38%. The median survival time was 32 months in both cohorts (p = 0.21) (Figure 3a)..
The median survival time and 5-year OS of patients who lacked GRK4 expression were 26 months and 3%
in the training cohort and 16 months and 22% in the validation cohort (Supplementary Figure 2C and 2D)..

All parameters displayed in Table 1 were analyzed by univariate Cox regression; the results are reported in
Table 2. T Stage, intratumoral GRK4 expression intensity, tumor type, tumor diameter, number of tumors
and presence of PVTT were associated with OS. The �rst three factors were independent prognostic
factors. Interestingly, tumoral GRK4 overexpression was identi�ed as a protective factor. The peritumoral
GRK4 was generally independent of OS, although it was highly expressed in both cohorts.

3.5. Construction and validation of a GRK4-based predictive
nomogram
The results of the multivariate Cox regression analysis are shown in Table 3. T stage (hazard ratio[HR]
2.135, 95% con�dence interval [95%CI] 1.520–3.000, p<0.01), tumor type (HR 2.10, 95%CI 0.88–5, p<0.1)
and intratumoral GRK4 (HR 0.53, 95%CI 0.26–1.11, p<0.05) were determined to be independent risk
factors, and they were incorporated into a nomogram to estimate the risk for OS (Figure 4).. The
nomogram performed well in the exact evaluation of the risk of 5-year OS with an AUC of 0.82, which was
further assessed by index of concordance (C-index) and displayed ideal consistency for OS risk assessed
with a C-index 0.82 (95%CI 0.74–0.90) by internal validation using bootstrap sampling (Figure 5a).. For
the external validation, the nomogram determined a c-index of 0.77 (95%CI 0.68–0.87) for appraising the
risk of OS, and the calibration plot presents good concordance (Figure 5a and 5b)..

3.6. Risk for OS derived from nomogram scores
The best threshold value of the overall nomogram scores was found to be 32 and 78 in the training and
validation cohorts, respectively. The sensitivity, speci�city, positive predictive value, and negative
predictive value in the training cohort were 86%, 70%, 83% and 75%, respectively, and the presence was



Page 7/18

44%, 100%, 100% and 52% in the validation cohort, respectively (Table 4).. Risk strati�cation was carried
out using the cut-off value and cases were reclassi�ed low risk (≤cut-off value) and high risk (>cut-off
value). Risk strati�cation exhibited excellent discrimination compared with any of the independent
prognostic factors (Figures 3b, 3c and Supplementary Figure 1A–F)..

Discussion
GRKs participate in a wide range of cellular physiological and pathological activities and there are
increasing evidences indicated that some of which are closely related to the occurrence and progression
of tumors[5–7]. In the present study, we reported that absent expression of GRK4 in tumors was
signi�cantly associated with worse outcomes in patients with HCC (P<0.05). More than 30% of patients
lacked GRK4 expression in tumors. Peritumoral GRK4 expression was not associated with OS. This study
also indicates that a combination of tumor type (mass or diffusion) and T stage, provides more power to
predict patient outcomes. To our knowledge, this is the �rst study that unveils the GRK4 distribution in
HCC tumors as well as its prognostic signi�cance.

The intensity scores of GRK4 staining in the cytoplasm were lower in HCC tissue than that in peritumor
tissue. This differential expression in peritumor and tumor tissues might suggest a critical factor for OS
in HCC patients. There is increasingly evidence supporting that activation of the GPCR signaling results
from autocrine and paracrine signals as well as aberrant GPCR overexpression in tumor cells, facilitating
angiogenesis and metastasis[20,21]. GRKs negatively regulates GPCR signalings and are involved in
neoplasia development. For example, downregulation of GRK2, GRK3, GRK5 and GRK6 promoted
tumorigenesis and metastasis in Kaposi sarcoma, basal-like breast cancer, colon cancer and
medulloblastoma[9, 22–25]. In granulosa cell tumors, lower GRK4α/β expression was observed in
malignant tumors than in non-malignant tumors, whereas GRK4γ/δ expression was observed in all tumor
samples, indicating that GRK4 isoforms may weaken follicle-stimulating hormone (FSH) receptor
uncoupling and desensitization[7]. GRK4 was overexpressed in hyperfunctioning thyroid nodules (HTNs)
compared with their adjacent tissues[27]. However, GRK4α failed to induce thyroid-stimulating hormone
receptor (TSHR) desensitization, which may cause HTN. GRK4 was found frequently mutated in high
microsatellite instability (MSI-H) colorectal tumors and HTNs and became the cause of these tumors[28].
Recently, we reported that GRK4 is capable of inducing cellular senescence in HEK293 cells[18], and
overexpression of GRK4 affects pathways of cell development, proliferation, and cell death[19]. These
observations suggest a link of GRK4 to tumor biology.

The expression pattern and function of the GRK family members have been reported differed among
various tumors[6,7,24,25]. In HCC, GRK3 was expressed in larger tumors and early-stage diseases, whereas
GRK6 was prone to expression in smaller, moderate histological grade and metastatic tumors[9,10]. In this
study, we found that tumoral GRK4 was connected to histological grade, T stage, N stage and total stage;
GRK4 tended to be expressed in patients who had early-stage HCC with no lymph node involvement
(Supplementary Table 1)..
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We identi�ed that a lack of GRK4 expression was an independent risk factor for HCC patients. In HCC,
more than �ve staging systems are applied in practice, and each system has a particularly useful
window[29]. Interestingly, regardless of which staging system was applied, almost every system was
linked to prognosis in a different study[29,30]. We showed that a improving nomogram that using tumoral
GRK4 expression plus tumor type and T stage performed well with the AUCs of 0.82 for prognostic
prediction in HCC. In this nomogram model, the performance of T stage (T1, T2) or tumoral GRK4
intensity scoring (1, 2) alone did not perform well(Figure 2a and Supplementary Figure 2).. However, the
combined analysis of the three factors provides unexpected bene�ts (Figure 3b and 3c).. For the clinical
practice of the model, cut-off values of 32 and 78 were used in the training and validation cohorts,
respectively. These values were convenient and precise since they were calculated by sensitivity,
speci�city, positive predictive value and negative predictive value. According to the predictive results, the
nomogram might serve as an useful tool to determine whether patients will bene�t from hepatectomy or
clinical trials.

Conclusions
The expression of GRK4 in tumors was lower than that in peritumoral tissues. The low expression of
GRK4 in tumor was related to poor OS in HCC patients. The novel nomogram model combining tumoral
GRK4 expression provides a considerable assessment of OS risk.
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Table 1. Baseline Characteristics in Both Cohorts

Variable Training cohort,n(%)  Validation cohort,n(%) P-value 

n=126 n=89
Follow time, median, month 29 79 0.207
Age mean(sd), y 50.40 (10.24) 53.79 ( 10.03) 0.017
Tumor diameter, mean(sd), cm 8.78 ( 3.90) 7.64 (5.46) 0.077
Status     0.893

alive 47 (37.30%) 34 (38.20%)  
dead 79 (62.70%) 55 (61.80%)  

Gender     0.454
Male 109 (86.51%) 80 (89.89%)  

Female 17 (13.49%) 9 (10.11%)  
Anatomic Location     <0.001

Left or other 58 (46.03%) 14 (15.73%)  
Right 68 (53.97%) 75 (84.27%)  

Number of tumors     0.002
Politary 91 (72.22%) 80 (89.89%)  
Multiple 35 (27.78%) 9 (10.11%)  

Tumor type     0.057
Nodular 57 (45.24%) 52 (58.43%)  

Mass or diffusion 69 (54.76%) 37 (41.57%)  
Cirrhosis     0.081

No 57 (45.24%) 51 (57.30%)  
Yes 69 (54.76%) 38 (42.70%)  

PVTTa     0.003
No 89 (70.63%) 78 (87.64%)  
Yes 37 (29.37%) 11 (12.36%)  

Grade     0.277
1 19 (15.08%) 7 ( 7.87%)  
2 92 (73.02%) 70 (78.65%)  
3 15 (11.90%) 12 (13.48%)  

Stage T     0.564
1 42 (33.33%) 35 (39.33%)  
2 30 (23.81%) 15 (16.85%)  
3 49 (38.89%) 34 (38.20%)  
4 5 ( 3.97%) 5 ( 5.62%)  

GRK4 peritumor     0.087
negative 3 ( 2.38%) 9 (10.71%)  

1+ 6 ( 4.76%) 4 ( 4.76%)  
2+ 43 (34.13%) 25 (29.76%)  
3+ 74 (58.73%) 46 (54.76%)  

GRK4 tumor     0.402
negative 53 (42.06%) 40 (44.94%)  

1+ 25 (19.84%) 20 (22.47%)  
2+ 30 (23.81%) 13 (14.61%)  
3+ 18 (14.29%) 16 (17.98%)  
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a: PVTT, portal vein tumor thrombus

 

 

Table 2. Univariate Cox Regression Analysis of Factors Associated With Survival
Variable HR(95%CI) P-value

Age 0.99 (0.97, 1.01) 0.2403 0.24

Cirrhosis,  no vs yes 0.94 (0.67, 1.31) 0.7015 0.70

Tumo diameter 1.06 (1.03, 1.10) 0.00
PVTTa,  no vs yes 2.39 (1.63, 3.49) 0.00
Tumor type,  nodular vs diffuse 2.97 (2.06, 4.27) 0.00
Number of tumors, politary vs multiple 2.39 (1.60, 3.58) 0.00
Anatomic Location,left vs right* 0.69 (0.49, 0.99) 0.0444 0.04
Stage    

2 vs 1 1.19 (0.68, 2.08) 0.5447 0.54
3 vs 1 4.40 (2.85, 6.81) 0.00
4 vs 1 10.87 (5.13, 23.03) 0.00

GRK4 tumor    
   1+ vs negative 0.68 (0.43, 1.05) 0.0837 0.08
   2+ vs negative 0.60 (0.37, 0.98) 0.0413 0.04
   3+ vs negative 0.28 (0.15, 0.52) 0.00

GRK4 peritumor    
   1+ vs negative 1.74 (0.56, 5.40) 0.3397 0.34
   2+ vs negative 1.42 (0.60, 3.34) 0.4268 0.43
   3+ vs negative 1.70 (0.74, 3.91) 0.2125 0.21

Grade    
2 vs 1 1.10 (0.65, 1.87) 0.7218 0.72
3 vs 1 1.40 (0.71, 2.75) 0.3293 0.33

a: PVTT, portal vein tumor thrombus  
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Table 3. Muilivariate Cox Regression Analysis of Factors Associated With Survival
Variable Multivariate

HR (95%CI) P-value

Tumo diameter 1.04 (0.96, 1.13) 0.31
PVTTa,  no vs yes 1.07 (0.52, 2.20) 0.85
Tumor type,  diffuse vs nodular 2.10 (0.88, 5.00) 0.09
Number of tumors, politary vs multiple 0.89 (0.41, 1.94) 0.77
Anatomic Location, leftb vs right 0.94 (0.57, 1.56) 0.82
Stage    

1 vs 3 0.77 (0.32, 1.85) 0.04
2 vs 3 2.81 (1.02, 7.72) 0.01
4 vs 3 10.75 (2.57, 44.97) 0.02

GRK4 tumor    
   1+ vs negative 0.50 (0.26, 0.97) 0.04
   2+ vs negative 0.53 (0.26, 1.11) 0.09
   3+ vs negative 0.28 (0.12, 0.64) 0.00

a: PVTT, portal vein tumor thrombus; b: left or other

 

 

 

Table 4. Accuracy of the Prediction Score of the Nomogram for Estimating the Risk of OSa

riable Training  Cohort  (95%CIb) Validation  Cohort  (95%CI)

Cc 0.82 0.74 0.90 0.77 0.68 0.87

t-off score   32     78  

nsitivity, % 86 72 88 44 32 71

ecificity, % 70 47 72 100 32 100

sitive predictive value, % 83 75 83 100 69 100

gative predictive value, % 75 61 86 52 52 70

sitive likelihood ratio 2.89 2.12 3.26 1 1.36 2.34

gative likelihood ratio 0.2 0.23 0.43 inf 0.56 0.46

a, OS, overall survival; b, CI, confidence interval; ROC, receiver operating characteristic curve; AUC, area under

the ROC curve. ROC, receiver operating characteristic curve;
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Figures

Figure 1

GRK4 expressed in paired tumor tissue and peritumor tissues in two HCC patients. It is mainly expressed
in the cytoplasm and membrane both in tumor and peritumor tissues, and it was rich in peritumor tissues
(enlarge 40х); a, b: GRK4 is expressed in tumor (a) and peritumor tissues (b) in case 1; c, d: GRK4 is
expressed in tumor (c) and peritumor tissues (d) in case 2.

Figure 2

Expression of GRK4 staining with immunochemistry in tumor and peritumor tissues between the training
and validation cohorts. a, Intensity of GRK4 staining was different between tumor and peritumor tissues.
Paired sample t-test and independent sample t-test showed a statistical signi�cance in the training cohort
and validation cohort, respectively. ***p <0.001. b, Distribution of various intensity scores of GRK4
staining in tumor and peritumor tissues between the cohorts. x2 test displayed a signi�cant difference
between the cohorts. ***p <0.001.
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Figure 3

Cumulative overall survival (OS) curves of patients in the training cohort and validation cohort. a, OS
curves of patients with HCC in the training set and validation set. The log-rank test showed that the OS
was not signi�cantly different between the two cohorts. b, OS curves of subgroups with risk strati�ed by
dividing HCC patients into low-risk and high-risk groups based on the nomogram score cut-off value in
the training cohort, which was statistically signi�cant (p<0.001). c, OS plots of the subgroups with risk
strati�ed in the validation cohort show signi�cant differences (p<0.001).
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Figure 4

Nomogram to estimate the risk for 1-, 3-, and 5-year overall survival (OS), combining GRK4 presence in
tumor tissue, tumor type and T stage to form the nomogram. To use the nomogram, �nd the position of
each variable on the corresponding axis, draw a line to the point value axis to determine the number of
points for each variable, add the points from all of the variables, and draw a line from the total points axis
to determine the probabilities at the lower line of the nomogram.
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Figure 5

The calibration plot of nomogram. a, The calibration plot shows the prediction performance of the
proposed nomogram in the training cohort (n = 126). b, Validity of the predictive performance of the
nomogram in estimating the risk of OS in the validation cohort (n = 89). The curve closer to the 45° line
(blue line) indicates the better performance for both a and b.
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