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Background: The evaluation of the nodal status of hepatocellular carcinoma (HCC) is a
classic but controversial topic. This study aimed to investigate the incidence of lymph
node metastasis (LNM), explore the role of lymph node dissection (LND), and develop and
validate a novel model to predict LNM in patients with HCC, not other specified (NOS).

Methods: The study cohort was taken from the Surveillance, Epidemiology, and End
Results database. The annual percent change (APC) was calculated using the Joinpoint
regression. Survival analyses adopted the competing risk model. The nomogram was
constructed based on the least absolute shrinkage and selection operator (LASSO)
logistic regression algorithm and validated by calibration curves. The area under the
receiver operating characteristic curve (AUROC) was obtained to compare prognostic
performance. Decision curve and clinical impact curve analyses were introduced to
examine the clinical value of the models.

Results: A total of 8,829 patients were finally enrolled in this study, and 1,346 (15.2%)
patients received LND. The LND rate showed no noticeable fluctuation in the last decade,
with an APC of 0.5% (P=0.593). LNM was identified in 56 (4.2%) patients and confirmed
an independent prognostic factor of HCC patients (P=0.005). There were 2,497 lymph
nodes retrieved, and 93 (3.7%) of them were positive. After propensity score matching,
LND indicated no direct oncologic benefit and did not worsen competing risks. Moreover,
an increased number of lymph nodes retrieved could not improve prognoses. 1,346
patients with LND were further randomly divided into the training and validation sets with
the ratio of 1:1. Race, tumor size, clinical T stage, extrahepatic bile duct invasion, and
tumor grade were independent risk factors for LNM. The constructed model was well
calibrated and showed good discrimination power and net benefits in clinical practice.

Conclusion: LNM is an independent prognostic factor in HCC, but routine LND seems to
be unnecessary in HCC patients. The constructed model could predict the presence of
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LNM in HCC patients with good performance, which is meaningful to patient stratification
and individual treatment strategies optimization.

Keywords: hepatocellular carcinoma, lymph node metastasis, lymph node dissection, nomogram, the

SEER program

INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for approximately
85%-90% of primary liver cancer and has been a heavy global
health burden in the past few decades. According to a US
national survey, HCC is the 5™ and 7™ cancer type of the
estimated new cancer deaths for males and females,
respectively (1-6). Due to cytological variants, HCC has several
rare pathological subtypes, including fibrolamellar, clear cell,
spindle cell, scirrhous and pleomorphic. Considering that these
subtypes have unique clinicopathological features, the main
focus of this study is hepatocellular carcinoma, not otherwise
specified (NOS) (7, 8).

The lymph node is the second most common destination of
extrahepatic metastasis in HCC (9). Compared with hematogenous
metastasis, lymph node metastasis (LNM) is a rare but equally vital
prognostic factor. The reported incidence of LNM varies, from
1.2% to 15.3% in clinical practice and up to 30.3% in autopsy (10—
18). Because of the dismal prognoses, patients with LNM would be
considered to have a systemic disease and classified into advanced
stages, including stage IVa in the American Joint Committee on
Cancer (AJCC) staging system, stage ITIb in the China Liver Cancer
(CNLC) staging system and stage C in the Barcelona Clinic Liver
Cancer (BCLC) staging system (6, 19). Nevertheless, the value of
lymph node dissection (LND) in HCC still remains controversial.
Several researchers have supported routine LND for outcome
improvement, complication prevention, and comprehensive
evaluation (20-22). Some other studies demonstrated no benefit
of LND because of the similar survival, low incidence of LNM, and
potentially increased postoperative morbidity (10, 11, 23-25).
Another concern is how to accurately evaluate nodal status
before surgery, which is important for decision-making of
surgical strategies. Nowadays, the most common method to
judge the presence of LNM is based on the size of lymph nodes
on CT imaging. However, Ercolani et al. reported that the
diagnostic accuracy of this method was only 46.1% (22).

It is difficult for a single institute to obtain enough positive
research cases due to the low incidence of LNM in HCC (23).
Under such circumstances, this study enrolled 8,829 patients
who underwent surgery from a national high-volume database to
investigate the prevalence of LNM, explore the role of LND, and
develop and validate a novel model to stratify the risks of LNM in
HCC patients.

PATIENTS AND METHODS

Patients
This study is a retrospective cohort study. Patients diagnosed
with HCC, NOS (ICD-O-3 Histology Code=8170/3) from 2004

to 2015 were extracted from the Surveillance, Epidemiology, and
End Results (SEER) Research Database (18 Registries). Data were
downloaded with SEER*Stat software (Version 8.3.9; The SEER
Program, https://seer.cancer.gov). The inclusion criteria were
listed as follows: (1) Age>18 years old; (2) Diagnosed with
pathological evidence; (3) Primary tumor and nodal status
could be assessed; (4) Complete follow-up and known cause of
death; (5) Surgery performed and known surgical approach. The
stepwise extraction process from the SEER database is shown
in Figure 1.

This study followed the Declaration of Helsinki (as revised in
2013). The SEER database is a public database without personal
identifying information. Therefore, the ethical review was
exempted, and no consent was needed.

Definitions

Annual percentage change (APC) was utilized to describe trends
of ratio. Demographic and clinical factors of patients were
obtained from the SEER database. Continuous variables were
converted to categorical variables based on the optimal cut-oft
values determined by the X-tile software (Version 3.6.1; Yale
University, New Haven, CT, USA) or the Youden index (26). All
patients were restaged to the current AJCC staging system (8™
edition). The regional lymph nodes were defined as the hilar,
hepatoduodenal ligament, inferior phrenic, and caval lymph
nodes. The clinical TNM stage (cTNM) was defined as the
preoperative staging of HCC patients based on comprehensive
evaluation and the AJCC staging system (8" edition), which was
approximated by the pathological stage in this study. Missing
data and correlations among prognostic factors were considered
in the analysis.

Statistics

The Joinpoint Regression Program (Version 4.7.0; IMS;
Calverton, MD, USA) was used to calculate the APC values
(27). The cumulative incidences of cancer-specific death (CSD)
and other cause-specific death (OCSD) were estimated using
cumulative incidence function (CIF) curves and compared by
Fine-Gray’s test. Categorical variables were shown as numbers
and compared using the chi-square test or Fisher’s exact test or
likelihood ratio test based on applicable conditions. One-to-one
propensity score matching (PSM) was performed by the nearest-
neighbor method within 0.20 standard deviations between
the two groups. Due to the limited number of positive
dependent variables, the least absolute shrinkage and selection
operator (LASSO) regression algorithm was used to select
candidate clinicopathological factors associated with
LNM. Then independent risk factors were identified using
multivariable binary logistic regression analysis via the
‘Forward: LR’ method.

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 835957


https://seer.cancer.gov
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chen et al.

Lymph Node Metastasis in HCC

2004-2015
Hepatocellular Carcinoma, NOS
(ICD-0-3 Histology Code=8170/3)
(N=68366)

Excluded:

Age<18 (n=91)
* Clinical Diagnosis without Positive Histology (n=28426)
* Secondary Tumor (n=154)
* Primary Tumor cannot be Assessed (pT0) (n=57)
]+ Unknown Tumor Size (n=8255)
* Unknown Cause of Death (n=539)
* Incomplete Follow-up (n=8245)
»  Without Surgery Performed (n=13652)
* Unknown Surgical Approach (n=68)
* Unknown whether Lymph Nodes were Dissected (n=50)

Patients Enrolled in this Study
(N=8829)

classification of diseases.

Patients with LND were randomly divided into the training
and validation set at a ratio of 1:1 for external validation. A
nomogram was constructed based on independent risk factors to
provide a visual tool for clinical use. The area under the receiver
operating curve (AUROC), equal to Harrell’'s C-index, was
calculated to assess prognostic performance. Calibration curves
were plotted by bootstrapping with 1000 resamples to evaluate
the predictive accuracy. Decision curve analysis (DCA) and
clinical impact curve (CIC) analysis were performed to
estimate the clinical utility of the nomogram (28). A result was
considered statistically significant when two-tailed P<0.05. All
statistical analyses were completed using R (Version 3.6.3; The R
Foundation for Statistical Computing, http://www.r-project.org)
and SPSS (Version 26.0, IBM, Chicago, IL, USA).

RESULTS

Baseline Characteristics and Survival
Analyses of Patients With Hepatocellular
Carcinoma
A total of 8,829 HCC patients were enrolled in this study. Based
on the optimal cut-off values calculated by the X-tile software,
the two continuous variables (Age and Tumor Size) were
converted to categorical variables (Figure S1). The baseline
characteristics and survival analyses of HCC patients are
shown in Table 1. According to the AJCC staging system (8th
edition), most patients (86.7%) were categorized into the pT1-
pT2 stage. Fifty-six (4.2%) of 1,346 (15.2%) patients with LND
had LNM (pN1). Only a few patients (1.8%) were reported to
have distant metastasis (pM1). Most patients with complete
clinical data had well or moderately differentiated tumors
(80.8%) and liver cirrhosis (68.4%).

The final follow-up was performed in November 2020, with a
mean follow-up time of 56.0 + 43.6 (IQR: 20.0, 83.0) months.

FIGURE 1 | Stepwise extraction process from the Surveillance, Epidemiology, and End Results database. NOS, Not otherwise specified; ICD, International

During the follow-up period, 5,132 (58.1%) patients died, and
72.0% of deaths were attributable to HCC. The median cancer-
specific survival time was 108.0 (95% CI=96.7-119.3) months.
The lyear-, 3year- and 5year- cumulative incidences of CSD
were 12.8%, 28.8% and 37.4%, respectively.

As shown in Table 1, Table S1; Figure S2, the CIF curves
indicated that year of diagnosis, age, race, AFP, cancer history,
neoadjuvant therapy, tumor size, surgery, T stage, and grade
were likely to be associated with OCSD (all P<0.05). According
to the multivariate competing risk analyses, LNM (pN1) was
considered one of the independent prognostic factors of HCC
patients (P=0.005). The lyear-, 3year- and 5year- cumulative
incidences of CSD in patients with or without LNM were 39.3%,
69.6%, 78.6% and 9.8%, 19.9%, 26.5%, respectively. However,
there was no survival difference between pNO patients and those
without LND (pNX, P=0.370).

The Role of Regional Lymph Node
Dissection in Patients With Hepatocellular
Carcinoma

In all, 1,346 (15.2%) HCC patients underwent LND. There were
2,497 lymph nodes retrieved from 1,287 patients with complete
clinical data, and 93 (3.7%) of them were positive. The overall
LND rate was 11.8% in 2004 and 15.1% in 2015, with an APC of
0.5% (95% CI=-1.5%-2.6%, P=0.593, Figure 2A). For different
surgical approaches, the LND rate was 1.4%, 14.5% and 31.0% in
patients who underwent local destruction (LD), liver resection
(LR) and liver transplantation (LT), respectively (Chi-
square=843.735, P<0.001). The trends of the LND rate in
patients with LD and LR were similar to the overall cohort
(P>0.05, Figures 2B, C). LND became increasingly common in
patients with LT, and the APC was 3.3% (95% CI=0.5%-6.2%,
P=0.027, Figure 2D). Considering different tumor burdens, the
LND rates of pT1-pT2 and pT3-pT4 patients were 14.7% and
19.8% (Chi-square=19.490, P<0.001), and the LND rates
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TABLE 1 | Baseline characteristics and competing risk survival analyses of HCC patients.

Factors No. of Patients (N=8829) Univariable Multivariate
P-CSD P-OCSD SHR (95%Cl) P

Year of Diagnosis <0.001 0.003

2004-2009 4020 (45.5) Reference

2010-2015 4809 (54.5) 0.788 (0.736-0.845) <0.001
Age <0.001 <0.001

<72 7284 (82.5) Reference

>72 1545 (17.5) 1.206 (1.109-1.312) <0.001
Gender 0.444 0.055

Female 2219 (25.1) Reference

Male 6610 (74.9) 1.115 (1.029-1.207) 0.007
Race <0.001 <0.001

White 5752 (65.1) Reference

Asia-Pacific 1791 (20.3) 0.813 (0.745-0.888) <0.001

Black 1154 (13.1) 1.041 (0.944-1.147) 0.420

Other 132 (1.5) 0.712 (0.526-0.965) 0.028
Income’ 0.841 0.150

Below the median 5109 (57.9) Reference

Above the median 3720 (42.1) 0.951 (0.887-1.019) 0.150
AFP <0.001 <0.001

Negative 2494 (28.2) Reference

Positive 4319 (48.9) 1.359 (1.252-1.476) <0.001

Borderline/Unknown 2016 (22.8) 1.254 (1.140-1.380) <0.001
First Malignant 0.030 <0.001

Yes 7654 (84.7) Reference

No 1175 (13.3) 0.912 (0.824-1.009) 0.075
Neoadjuvant Therapy <0.001 0.002

Yes 992 (11.2) Reference

No 7837 (88.8) 1.164 (1.003-1.352) 0.046
Tumor Number <0.001 0.052

Single 6332 (71.7) Reference

Multiple 2497 (28.3) 1.054 (0.921-1.206) 0.440
Tumor Size <0.001 <0.001

<28mm 3360 (38.1) Reference

28-95mm 4556 (51.6) 1.457 (1.325-1.603) <0.001

>95mm 913 (10.3) 2.122 (1.845-2.440) <0.001
Surgery <0.001 <0.001

LD 2510 (28.4) Reference

LR 3905 (44.2) 0.650 (0.598-0.708) <0.001

LT 2414 (27.3) 0.227 (0.200-0.258) <0.001
T Stage <0.001 <0.001

T1a 1250 (14.2) Reference

T1b 3821 (43.3) 0.907 (0.792-1.040) 0.160

T2 2583 (29.3) 1.157 (0.979-1.367) 0.086

T3 656 (7.4) 1.727 (1.365-2.185) <0.001

T4 467 (5.3) 1.950 (1.602-2.373) <0.001

X 52 (0.6) 1.147 (0.765-1.720) 0.510
N Stage <0.001 0.274

NO 1290 (14.6) Reference

N1 56 (0.6) 1.785 (1.187-2.684) 0.005

NX 7483 (84.8) 1.053 (0.940-1.180) 0.370
M Stage <0.001 0.350

MO 8669 (98.2) Reference

M1 160 (1.8) 1.680 (1.323-2.134) <0.001
Grade* <0.001 0.002

G1-G2 5475 (62.0) Reference

G3-G4 1300 (14.7) 1.446 (1.311-1.595) <0.001

Unknown 2054 (23.3) 1.141 (1.049-1.240) 0.002

(Continued)
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TABLE 1 | Continued

Factors No. of Patients (N=8829) Univariable Multivariate
P-CSD P-OCSD SHR (95%Cl) P
Liver Cirrhosis <0.001 0.276
No 999 (11.3) Reference
Yes 2161 (24.5) 1.225 (1.079-1.390) 0.002
Unknown 5669 (64.2) 1.254 (1.140-1.380) <0.001

HCC, Hepatocellular carcinoma; AFP, Alpha fetoprotein; LD, Local destruction; LR, Liver resection; LT, Liver transplantation; CSD, Cancer-specific death; OCSD, Other cause-specific

death; SHR, Subdistribution hazard ratio; Cl, Confidence interval.

"U.S. Census Bureau, Real Median Household Income in the United States [MEHOINUSAG672N], retrieved from FRED, Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/series/

MEHOINUSA672N, June 26, 2021.

*G1, Well differentiated; G2, Moderately differentiated; G3, Poorly differentiated; G4, Undifferentiated.

remained stable between 2004 and 2015 (Figures 2E-H,
all P>0.05).

Data were further examined to explore the oncologic benefits
of LND in HCC patients. After PSM (1,343 patients in each
group), the LND group did not show better prognoses than the
non-LND group (Table S2 and Figure 3A, P=0.671). The same
results were also obtained in subgroup analyses according to
surgery (Tables $§3-S5 and Figures 3B-D, all P>0.05) and tumor
burden (Tables S6-S9 and Figures 3E-H, all P>0.05) after PSM.
Another concern was whether increasing the number of lymph
nodes retrieved could improve the outcomes of patients with
LND. There were 748 (58.1%), 265 (20.6%), 139 (10.8%) and 135
(10.5%) patients who retrieved 1, 2, 3 and 4+ lymph nodes,
respectively. As shown in Table S10, retrieving more lymph
nodes showed no direct survival advantages (P>0.05). Therefore,
the role of LND was to provide necessary staging information to
identify patients with LNM. The ROC curve analysis confirmed
that retrieving three or more lymph nodes showed the greatest
discriminatory power of LNM (Youden index=0.211,
sensitivity=0.415, specificity=0.796, Figure S3A).

A Overview B LD
i |
i
|.
P=0.593 P=0.167
E pTl1 F pT2
' ]
1o 1
ls 1
P=0.847 P=0.381
destruction; LR, Liver resection; LT, Liver transplantation.

P=0.027

G pT3 H pT4

i
i

P=0.100

FIGURE 2 | The variation trends and APC values for the rate of LND in HCC patients from 2004 to 2015: (A) all patients; (B-D) patients who underwent different
surgeries; (E-H) patients with different tumor burdens. APC, Annual percent change; LND, Lymph node dissection; HCC, Hepatocellular carcinoma; LD, Local

Development and Validation of a Model to
Predict Regional Lymph Node Metastasis
of Hepatocellular Carcinoma
Further analyses were performed in 1,346 patients with LND.
Based on the optimal cut-off values determined by the Youden
index, the two continuous variables (Age and Tumor Size) were
converted to categorical variables (Figures S3B, C). The baseline
characteristics of the patients in the training and validation sets
are shown in Table S11. Seven factors with nonzero coefficients
were filtered by the LASSO algorithm (Figures 4A, B), and the
coefficients are listed in Table S12. According to the multiple
logistic regression, white race, tumor size>64mm, cT3-4, G3-4,
and extrahepatic bile duct invasion were considered independent
risk factors for LNM in the training set (all P<0.05, Table 2).
The nomogram was constructed based on the independent
risk factors to predict LNM in HCC patients (Figure 4C). The
calibration curves showed good consistency between the
predicted and observed probabilities in both the training and
validation sets (Figures 4D, E). The AUROC values were 0.862
(95% CI=0.775-0.949) in the training set and 0.815 (95%
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FIGURE 3 | Cumulative incidence function curves of mortality of HCC patients with or without LND: (A) all patients; (B-D) patients who underwent different
surgeries; (E-H) patients with different tumor burdens. HCC, Hepatocellular Carcinoma; LND, Lymph node dissection; CSD, Cancer-specific death; OCSD, Other
cause-specific death; LD, Local destruction; LR, Liver resection; LT, Liver transplantation.

CI=0.748-0.883) in the validation set (Figures 4F, G). To further
estimate the clinical utility of the model, DCAs and CICs were
introduced (Figures 4H-K). The nomogram provided a better
net benefit than ‘all’ or ‘none’ schemes and showed a good
clinical effect in both the training and validation sets. To further
simplify the application of the nomogram, an online tool
has been produced and published, which can be accessed
through the following URL: https://chenxiaoyuan.shinyapps.io/
HCC-RLNM/.

DISCUSSION

HCC is the most common subtype of primary liver cancer, with
increasing morbidity, which was attributable to a higher
incidence of viral hepatitis (especially HCV), nonalcoholic
steatohepatitis, and metabolic syndrome (1, 5). Considering
that these factors are all modifiable, the prevention of HCC
still needs more effort. Over the past decades, HCC patients have
benefitted from improved comprehensive therapies and
surveillance programs. Nevertheless, more attention still should
be given to developing better therapeutic strategies to further
improve the prognosis of HCC.

Different from intrahepatic cholangiocarcinoma and
combined hepatocellular-cholangiocarcinoma (CHC), LNM
represents a rare but equally aggressive biological behavior of
HCC, secondary only to the lung as the destination that most
commonly develops extrahepatic metastasis (9, 29, 30). The
incidence of LNM varies in different clinical observational
studies, from 1.2% to 15.3% (10-17). Some possible
confounding factors that could explain such a 10-fold variety
were shown as follows: First, several researchers enrolled patients
with fibrolamellar carcinoma even CHC, leading to an

inappropriate increase in the overall LNM incidence. Second,
enlarged lymph nodes might be not only metastases but also
inflammatory responses, which could also cause false positives in
diagnoses based on clinical experience. In this context, we set up
a single subtype and pathologically confirmed cohort and
investigated the actual LNM incidence to be 4.2%. During the
long-term follow-up, many competing risks, such as
comorbidities and accidents, may either hinder the observation
or modify the chance of occurrence events of interest. The
competing risk model could assess the informative nature of
censoring and the occurrence rates of a particular event, so it is
much more suitable than the standard Cox regression model in
the present study. Multivariable survival analyses again
confirmed that LNM was an independent predictor for HCC
patients, which is not a surprising conclusion. Nevertheless, we
found no OCSD difference in patients with different nodal
statuses, indicating that LNM and LND could not worsen
competing risk events. This finding indirectly proved the long-
term safety of the LND procedure in HCC patients.

Currently, several rescue strategies to treat LNM in HCC
patients have been proposed, including percutaneous ablation,
intensity-modulated radiotherapy, and transcatheter arterial
chemoembolization alone or in combination (31-35).
However, the role of simultaneous LND during surgery is still
a topic of debate. The overall LND rate was 15.2% in this study,
which was consistent with previous studies (8.4%-20.1%) and
showed no obvious fluctuation in the last decade (11, 15, 36).
Specific to different surgical approaches, the LND rate was higher
in LT recipients. It displayed an upward trend, which may be
attributable to an increasingly standardized postoperative
pathological examination of diseased liver. For patients with
different tumor burdens, surgeons were more inclined to
perform LND for those with locally advanced tumors. Overall,

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 835957


https://chenxiaoyuan.shinyapps.io/HCC-RLNM/
https://chenxiaoyuan.shinyapps.io/HCC-RLNM/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chen et al. Lymph Node Metastasis in HCC

A 1 1 1 a B wwwwwnwowsuweorsze C

Points

Race

075 080

>64mm

ot A Tumor Size

T Stage

Coeficients

Ductinvasion
No

Grade

Total Points

05 055 080 065 070

Risk of Regional L

LogLambda Log(2)

D Training Set E Validation Set F Training Set G Validation Set

Obsewe: Probasily
Uhsewe: Probailty
sensivly

Sensiity

s ] AUC=0.862(0.775-0.949) 8 AUC=0.815(0.748-0.883)

00 01 02 03 04 00 01 02 03 04 10 08 o8 04 0z 0o L 9 L o o e
Speciicly Specitity

Predicted Probabilty Predicted Probabilty

H Training Set 1 Validation Set J Training Set K Validation Set

&9 — Number highrisk
<<= Number high sk with event

Number high risk (out of 100)

Standardized Net Benefit
Standardized Net Beneft
04

00 01 02 03 04 05 00 01 02 03 04 05
High Risk Threshold High Risk Thveshold

r T T T T 1 r T T T T J r T T T T 1 r T T T T d
100 110 14 25 23 ] 1100 110 4 25 23 11 1100 t10 14 25 23 1 100 110 14 25 23 L]
Cost Benefi Ratio CostBeneft Ratio Cost Beneft Ratio CostBeneit Ratio

FIGURE 4 | Development and validation of a novel model to predict LNM in HCC patients. (A, B) Variable selection process based on the LASSO logistic regression
algorithm. (C) The nomogram to predict LNM in HCC patients was developed from the training set. (D, E) Calibration curve analyses of the constructed model in
predicting LNM in the training and validation sets. (F, G) Receiver operating characteristic curve analyses of the constructed model in predicting LNM in the training
and validation sets. (H, I) Decision curve analyses of the constructed model in predicting LNM in the training and validation sets. (J, K) Clinical impact curve analyses
of the constructed model in predicting LNM in the training and validation sets. LNM, Lymph node metastasis; HCC, Hepatocellular carcinoma; LASSO, the least
absolute shrinkage and selection operator.

routine LND in HCC patients is not widely accepted by  information and identify patients with LNM for adjuvant therapy.
hepatobiliary surgeons in current clinical practice. To accurately evaluate nodal status, routine LND seems to be a
Some previous studies advocated routine LND for benefits in  suitable strategy in theory. LND has been confirmed not to worsen
outcome improvement, complication prevention, and  the prognoses and competing risks in this study and reported to be
comprehensive evaluation, but some others hold the opposite  safe and well-tolerated in short-term outcomes (11, 14, 22, 23).
opinions (10, 11, 23-25). Wu et al. conducted a prospective ~ Taking the rarity of LNM, prolonged surgery time, and low but not
randomized controlled clinical trial and concluded that LND was  zero increased morbidity into account, however, performing LND
safe but could not improve HCC patients’ prognoses. Although itis  for all patients may not be worthwhile.
a high-grade evidence, all 116 lymph nodes retrieved from 41 Stratifying HCC patients with different risks of LNM and
patients were pathologically determined to be free of cancer, which ~ determining those who could benefit from LND is a challenging
may cause potential bias (23). Amini and colleagues were skeptical ~ topic. The Liver Cancer Study Group of Japan reported that the
of routine LND in HCC patients after performing a systematic ~ incidence of LNM was 30.3% in 1374 autopsy cases, which
review, but the LND rate in 3 of 7 included studies was 100%,  significantly exceeded the data obtained from clinical practice.
which could introduce publication bias (24). Under these  Considering that only 15.2% of patients received LND, a great
circumstances, we again investigated the role of LND in a  number of patients without LND had occult LNM, indicating
national real-world cohort to provide more evidence. After PSM,  that the existing evaluation methods based on radiology are
LND showed no oncologic benefit compared with the non-LND  insufficient. Although previous studies have shown some factors
group. Subgroup analyses according to different surgical  that were associated with the presence of LNM, such as PET-CT
approaches and tumor burden also obtained the same finding.  imaging, dual-energy CT imaging, IncRNAs, microRNAs, and
Further survival analyses confirmed that the increased number of =~ some other hematological indicators, these models were costly
lymph nodes retrieved could not improve prognoses. Therefore,  and required some technology to generate scores (12, 13, 15, 37-
the central role of LND in HCC patients was to offer staging  40). In the present study, with the help of the LASSO logistic
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TABLE 2 | Multivariable analyses for preoperative risk factors for LNM in HCC patients.

Factors No. of Patients (n=673)
Gender

Female 181 (26.9)

Male 492 (73.1)
Race

Other 205 (30.5)

White 468 (69.5)
Tumor Size

<64mm 520 (77.3)

>64mm 153 (22.7)
cT Stage

cT1-2 562 (83.5)

cT3-4 111 (16.5)
Major Vascular Invasion

No/Unknown 637 (94.7)

Yes 36 (5.3)
Extrahepatic Bile Duct Invasion®

No/Unknown 662 (98.4)

Yes 11 (1.6)
Grade*

G1-G2 431 (64.0)

G3-G4 129 (19.2)

Unknown 113 (16.9)

OR (95%Cl) P

0.183

Reference
4.841 (1.480-15.836) 0.009

Reference
4.163 (1.485-11.669) 0.007

Reference
3.003 (1.121-8.045) 0.029
0.594

Reference
6.638 (1.019-43.239) 0.048

Reference
6.130 (2.293-16.386) <0.001
1.266 (0.249-6.434) 0.776

LNM, Lymph node metastasis; HCC, Hepatocellular carcinoma; OR, Odds ratio.
TIncluding gallbladder invasion.

*G1, Well differentiated; G2=Moderately difterentiated: G3, Poorly differentiated; G4, Undiifferentiated.

regression algorithm, we incorporated five easily accessible
factors, including race, tumor size, clinical T stage (cT stage),
extrahepatic bile duct invasion, and tumor grade, to develop a
model for predicting LNM in HCC patients. Tumor size, cT
stage, and extrahepatic bile duct invasion could be evaluated via
radiology imaging. The tumor grade data could be obtained from
preoperative puncture (if applicable) or be marked as
‘Unknown’. We also provide a nomogram and a supporting
online tool for individualized evaluation for further convenience
of use. The model showed relatively high accuracy with AUROCs
(or Harrell’s C-indexes) exceeding 0.800 and well-fitted
calibration curves in both the training and validation sets.
However, high prediction accuracy is not the same as a high
clinical practical value. DCA and CIC could quantify the overall
benefits of the prediction models based on the threshold
probability introduced to this study to examine the value of
the nomogram in clinical practice (28). The DCA and CIC
demonstrated that the model had better clinical value than
‘none’ and ‘all’ and confirmed the validity of the model for
predicting LNM in HCC patients.

In a population-based cohort, utilizing the SEER database, we
investigated the prevalence of LNM, explored the role of LND,
and developed and validated a novel model to stratify the risks of
LNM in HCC patients. Although our study has many merits,
including large sample size, complete follow-up, single
pathological subtype, microscopically confirmed LNM, and
competing risk survival analyses, there are still some
limitations. First, the major drawback of this study is the
inherent bias of the retrospective study. Second, the SEER
database lacks detailed clinicopathological data, which caused
unknown bias and limited further subgroup analysis.

Nevertheless, only 56 patients had LNM even in our high-
volume cohort due to the low incidence. Incorporating too
many factors in the regression with limited positive dependent
variables would lead to statistical instability and model
overfitting and affect the reliability of the conclusions. Third,
we could not identify patients with different liver function levels
due to a lack of data, which was also considered a potential risk
factor by several researchers (13, 22). It is evident that patients
who underwent LR are more likely to have a better liver function.
This study constructed a more representative cohort, including
patients undergoing LR, LT, and LD, which could make up for
this potential selection bias to a certain degree.

CONCLUSION

LNM is an independent prognostic factor for HCC patients.
Although LND shows no oncologic benefit, it could provide
staging information to stratify patients and identify those who
may have LNM. Nevertheless, routine LND in HCC patients is
not necessary. Race, tumor size, clinical T stage, extrahepatic bile
duct invasion, and tumor grade are independent risk factors for
LNM. The constructed model could predict LNM with good
performance, which is meaningful to optimize individualized
treatment strategies in HCC patients.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: https://seer.cancer.gov.

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 835957


https://seer.cancer.gov
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chen et al.

Lymph Node Metastasis in HCC

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

XW is the lead contact for this article. XW, YG, and XC conceived
and designed the study. XW and YG supervised the study and offered
administrative support. YL, XS, and JZ collected and assembled
the data. XC, YL, and GH analyzed and interpreted the data. XC and
XS wrote the manuscript. XW and YG reviewed the manuscript.
All the authors read and finally approved the manuscript.

REFERENCES

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA Cancer ]
Clin (2021) 71(1):7-33. doi: 10.3322/caac.21654
2. Chen JG, Zhu J, Zhang YH, Chen YS, Ding LL, Chen HZ,
et al. Liver Cancer Survival: A Real World Observation of 45 Years With
32,556 Cases. ] Hepatocell Carcinoma (2021) 8:1023-34. doi: 10.2147/
JHC.S321346
3. Ji GW, Fan Y, Sun DW, Wu MY, Wang K, Li XC, et al. Machine Learning to
Improve Prognosis Prediction of Early Hepatocellular Carcinoma After
Surgical Resection. ] Hepatocell Carcinoma (2021) 8:913-23. doi: 10.2147/
JHC.$320172
4. Xia YX, Zhang F, Li XC, Kong LB, Zhang H, Li DH, et al. Surgical Treatment
of Primary Liver Cancer:a Report of 10 966 Cases. Zhonghua Wai Ke Za Zhi
(2021) 59(1):6-17. doi: 10.3760/cma.j.cn112139-20201110-00791
5. Kulik L, El-Serag HB. Epidemiology and Management of Hepatocellular
Carcinoma. Gastroenterology (2019) 156(2):477-91.el. doi: 10.1053/
j.gastro.2018.08.065
6. Bureau of Medical Administration, National Health Commission of the
People’s Republic of China. Standardization for Diagnosis and Treatment
of Hepatocellular Carcinoma (2019 Edition). Chin ] Dig Surg (2020) 19(1):1-
20. doi: 10.3760/cma.j.issn.1673-9752.2020.01.001
7. Lamarca A, Frizziero M, Fulton A, McNamara MG, Filobbos R, Hubner RA,
et al. Fibrolamellar Carcinoma: Challenging the Challenge. Eur ] Cancer
(2020) 137:144-7. doi: 10.1016/j.ejca.2020.06.035
8. Li Z, Wu X, Bi X, Zhang YF, Huang Z, Lu HZ, et al. Clinicopathological
Features and Surgical Outcomes of Four Rare Subtypes of Primary Liver
Carcinoma. Chin J Cancer Res (2018) 30(3):364-72. doi: 10.21147/j.issn.1000-
9604.2018.03.08
9. Uka K, Aikata H, Takaki S, Shirakawa H, Jeong SC, Yamashina K, et al.
Clinical Features and Prognosis of Patients With Extrahepatic Metastases
From Hepatocellular Carcinoma. World ] Gastroenterol (2007) 13(3):414-20.
doi: 10.3748/wjg.v13.i3.414
10. Zhang K, Tao C, Wu F, Wu J, Rong W. A Practical Nomogram From the
SEER Database to Predict the Prognosis of Hepatocellular Carcinoma in
Patients With Lymph Node Metastasis. Ann Palliat Med (2021) 10(4):3847—
63. doi: 10.21037/apm-20-1876
11. Kemp Bohan PM, O'Shea AE, Lee AJ, Chick RC, Newhook TE, Cao HST, et al.
Lymph Node Sampling in Resectable Hepatocellular Carcinoma: National
Practice Patterns and Predictors of Positive Lymph Nodes. Surg Oncol (2021)
36:138-46. doi: 10.1016/j.suronc.2020.12.011
12. Ma J, Zhang L, Bian HR, Lu ZG, Zhu L, Yang P, et al. A Noninvasive
Prediction Nomogram for Lymph Node Metastasis of Hepatocellular
Carcinoma Based on Serum Long Noncoding RNAs. BioMed Res Int (2019)
2019:1710670. doi: 10.1155/2019/1710670
13. Yan Y, Zhou Q, Zhang M, Liu HH, Lin JH, Liu QH, et al. Integrated
Nomograms for Preoperative Prediction of Microvascular Invasion and

FUNDING

This study was supported by grants from the National Natural
Science Foundation of China (Grant No. 31930020, 81870488,
81521004, 81530048), Natural Science Foundation of Jiangsu
Province (Grant No. BK20170142) and Key Laboratory of Liver
Transplantation, Chinese Academy of Medical Sciences (Grant
No. 2018PT31043, 2019PT320015).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
835957/full#supplementary-material

Lymph Node Metastasis Risk in Hepatocellular Carcinoma Patients. Ann
Surg Oncol (2020) 27(5):1361-71. doi: 10.1245/s10434-019-08071-7

14. Hasegawa K, Makuuchi M, Kokudo N, Izumi M, Ichida T, Kudo M, et al.
Impact of Histologically Confirmed Lymph Node Metastases on Patient
Survival After Surgical Resection for Hepatocellular Carcinoma: Report of a
Japanese Nationwide Survey. Ann Surg (2014) 259(1):166-70. doi: 10.1097/
SLA.0b013e31828d4960

15. Lee CW, Chan KM, Lee CF, Yu MC, Lee WC, Wu TJ, et al. Hepatic Resection
for Hepatocellular Carcinoma With Lymph Node Metastasis:
Clinicopathological Analysis and Survival Outcome. Asian J Surg (2011) 34
(2):53-62. doi: 10.1016/S1015-9584(11)60020-1

16. Shen XH, Li HK, Wang F, Zhang T, Cui YL, Li Q. Clinical Significance of
Lymph Node Metastasis in Patients Undergoing Partial Hepatectomy for
Hepatocellular Carcinoma. World ] Surg (2010) 34(5):1028-33. doi: 10.1007/
500268-010-0400-0

17. Sun HC, Zhuang PY, Qin LX, Ye QH, Wang L, Ren N, et al. Incidence and
Prognostic Values of Lymph Node Metastasis in Operable Hepatocellular
Carcinoma and Evaluation of Routine Complete Lymphadenectomy. J Surg
Oncol (2007) 96(1):37-45. doi: 10.1002/j50.20772

18. Liver Cancer Study Group of Japan. Primary Liver Cancer in Japan.
Clinicopathologic Features and Results of Surgical Treatment. Ann Surg
(1990) 211(3):277-87.

19. Forner A, Reig ME, de Lope CR, Bruix J. Current Strategy for Staging and
Treatment: The BCLC Update and Future Prospects. Semin Liver Dis (2010)
30(1):61-74. doi: 10.1055/s-0030-1247133

20. McAteer JP, Goldin AB, Healey PJ, Gow KW. Hepatocellular Carcinoma in
Children: Epidemiology and the Impact of Regional Lymphadenectomy on
Surgical Outcomes. ] Pediatr Surg (2013) 48(11):2194-201. doi: 10.1016/
j.jpedsurg.2013.05.007

21. Kobayashi S, Takahashi S, Kato Y, Gotohda N, Nakagohri N, Konishi M, et al.
Surgical Treatment of Lymph Node Metastases From Hepatocellular
Carcinoma. J Hepatobiliary Pancreat Sci (2011) 18(4):559-66. doi: 10.1007/
s00534-011-0372-y

22. Ercolani G, Grazi GL, Ravaioli M, Grigioni WF, Cescon M, Gardini A, et al.
The Role of Lymphadenectomy for Liver Tumors: Further Considerations on
the Appropriateness of Treatment Strategy. Ann Surg (2004) 239(2):202-9.
doi: 10.1097/01.51a.0000109154.00020.e0

23. Wu X, Li B, Qiu J, Shen JX, Zheng Y, Li QJ, et al. Hepatectomy Versus
Hepatectomy With Lymphadenectomy in Hepatocellular Carcinoma: A
Prospective, Randomized Controlled Clinical Trial. J Clin Gastroenterol
(2015) 49(6):520-8. doi: 10.1097/MCG.0000000000000277

24. Amini N, Ejaz A, Spolverato G, Maithel SK, Kim Y, Pawlik TM. Management
of Lymph Nodes During Resection of Hepatocellular Carcinoma and
Intrahepatic Cholangiocarcinoma: A Systematic Review. ] Gastrointest Surg
(2014) 18(12):2136-48. doi: 10.1007/s11605-014-2667-1

25. Grobmyer SR, Wang L, Gonen M, Fong Y, Klimstra D, D'Angelica M, et al.
Perihepatic Lymph Node Assessment in Patients Undergoing Partial

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 835957


https://www.frontiersin.org/articles/10.3389/fonc.2022.835957/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.835957/full#supplementary-material
https://doi.org/10.3322/caac.21654
https://doi.org/10.2147/JHC.S321346
https://doi.org/10.2147/JHC.S321346
https://doi.org/10.2147/JHC.S320172
https://doi.org/10.2147/JHC.S320172
https://doi.org/10.3760/cma.j.cn112139-20201110-00791
https://doi.org/10.1053/j.gastro.2018.08.065
https://doi.org/10.1053/j.gastro.2018.08.065
https://doi.org/10.3760/cma.j.issn.1673-9752.2020.01.001
https://doi.org/10.1016/j.ejca.2020.06.035
https://doi.org/10.21147/j.issn.1000-9604.2018.03.08
https://doi.org/10.21147/j.issn.1000-9604.2018.03.08
https://doi.org/10.3748/wjg.v13.i3.414
https://doi.org/10.21037/apm-20-1876
https://doi.org/10.1016/j.suronc.2020.12.011
https://doi.org/10.1155/2019/1710670
https://doi.org/10.1245/s10434-019-08071-7
https://doi.org/10.1097/SLA.0b013e31828d4960
https://doi.org/10.1097/SLA.0b013e31828d4960
https://doi.org/10.1016/S1015-9584(11)60020-1
https://doi.org/10.1007/s00268-010-0400-0
https://doi.org/10.1007/s00268-010-0400-0
https://doi.org/10.1002/jso.20772
https://doi.org/10.1055/s-0030-1247133
https://doi.org/10.1016/j.jpedsurg.2013.05.007
https://doi.org/10.1016/j.jpedsurg.2013.05.007
https://doi.org/10.1007/s00534-011-0372-y
https://doi.org/10.1007/s00534-011-0372-y
https://doi.org/10.1097/01.sla.0000109154.00020.e0
https://doi.org/10.1097/MCG.0000000000000277
https://doi.org/10.1007/s11605-014-2667-1
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chen et al.

Lymph Node Metastasis in HCC

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Hepatectomy for Malignancy. Ann Surg (2006) 244(2):260-4. doi: 10.1097/
01.51a.0000217606.59625.9d

Camp RL, Dolled-Filhart M, Rimm DL. X-Tile: A New Bio-Informatics
Tool for Biomarker Assessment and Outcome-Based Cut-Point
Optimization. Clin Cancer Res (2004) 10(21):7252-9. doi: 10.1158/1078-
0432.CCR-04-0713

Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation Tests for Joinpoint
Regression With Applications to Cancer Rates. Stat Med (2000) 19(3):335-51.
doi: 10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.c0;2-z
Vickers AJ, Elkin EB. Decision Curve Analysis: A Novel Method for
Evaluating Prediction Models. Med Decis Making (2006) 26(6):565-74.
doi: 10.1177/0272989X06295361

Chen XY, Rong DW, Zhang L, Ni CY, Han GY, Lu YW, et al. Evaluation of
Nodal Status in Intrahepatic Cholangiocarcinoma: A Population-Based Study.
Ann Transl Med (2021) 9(17):1359. doi: 10.21037/atm-21-2785

Chen XY, Lu YW, Shi XL, Chen XJ, Rong DW, Han GY, et al. Morbidity,
Prognostic Factors, and Competing Risk Nomogram for Combined
Hepatocellular-Cholangiocarcinoma. J Oncol (2021) 2021:3002480.
doi: 10.1155/2021/3002480

Zhang HG, Chen YX, Hu Y, Yang P, Wang BL, Zhang JY, et al. Image-Guided
Intensity-Modulated Radiotherapy Improves Short-Term Survival for
Abdominal Lymph Node Metastases From Hepatocellular Carcinoma. Ann
Palliat Med (2019) 8(5):717-27. doi: 10.21037/apm.2019.11.17

Yuan Z, Xing A, Zheng J, Li W. Safety and Technical Feasibility of
Percutaneous Ablation for Lymph Node Metastases of Hepatocellular
Carcinoma. Int ] Hyperthermia (2019) 36(1):160-8. doi: 10.1080/
02656736.2018.1542510

Pan T, Xie QK, Lv N, Li XS, Mu LW, Wu PH, et al. Percutaneous CT-Guided
Radiofrequency Ablation for Lymph Node Oligometastases From
Hepatocellular Carcinoma: A Propensity Score-Matching Analysis.
Radiology (2017) 282(1):259-70. doi: 10.1148/radiol.2016151807

Wu H, Liu S, Zheng J, Ji G, Han J, Xie Y. Transcatheter Arterial
Chemoembolization (TACE) for Lymph Node Metastases in Patients With
Hepatocellular Carcinoma. J Surg Oncol (2015) 112(4):372-6. doi: 10.1002/
j50.23994

Awazu M, Fukumoto T, Takebe A, Ajiki K, Matsumoto I, Kido M, et al.
Lymphadenectomy Combined With Locoregional Treatment for Multiple

Advanced Hepatocellular Carcinoma With Lymph Node Metastases. Kobe J
Med Sci (2013) 59(1):E17-27.

Yang A, Xiao W, Ju W, Liao Y, Chen MG, Zhu XF, et al. Prevalence and Clinical
Significance of Regional Lymphadenectomy in Patients With Hepatocellular
Carcinoma. ANZ ] Surg (2019) 89(4):393-8. doi: 10.1111/ans.15096

Zeng YR, Yang QH, Liu QY, Min J, Li HG, Liu ZF, et al. Dual Energy
Computed Tomography for Detection of Metastatic Lymph Nodes in Patients
With Hepatocellular Carcinoma. World ] Gastroenterol (2019) 25(16):1986—
96. doi: 10.3748/wjg.v25.i16.1986

Song W, Wang K, Zhong FP, Fan YW, Peng L, Zou SB. Clinicopathological
and Prognostic Significance of Platelet-to-Lymphocyte Ratio in Patients With
Hepatocellular Carcinoma. Oncotarget (2016) 7(49):81830-8. doi: 10.18632/
oncotarget.13244

Zhang L, Xiang ZL, Zeng ZC, Fan ], Tang ZY, Zhao XM. A microRNA-Based
Prediction Model for Lymph Node Metastasis in Hepatocellular Carcinoma.
Oncotarget (2016) 7(3):3587-98. doi: 10.18632/oncotarget.6534

Chen H, Pang Y, Wu ], Zhao L, Hao B, Wu J, et al. Comparison of [**Ga]Ga-
DOTA-FAPI-04 and ['*F] EDG PET/CT for the Diagnosis of Primary and
Metastatic Lesions in Patients With Various Types of Cancer. Eur ] Nucl Med
Mol Imag (2020) 47(8):1820-32. doi: 10.1007/500259-020-04769-z

36.

37.

38.

39.

40.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Lu, Shi, Han, Zhao, Gao and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 835957


https://doi.org/10.1097/01.sla.0000217606.59625.9d
https://doi.org/10.1097/01.sla.0000217606.59625.9d
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3%3C335::aid-sim336%3E3.0.co;2-z
https://doi.org/10.1177/0272989X06295361
https://doi.org/10.21037/atm-21-2785
https://doi.org/10.1155/2021/3002480
https://doi.org/10.21037/apm.2019.11.17
https://doi.org/10.1080/02656736.2018.1542510
https://doi.org/10.1080/02656736.2018.1542510
https://doi.org/10.1148/radiol.2016151807
https://doi.org/10.1002/jso.23994
https://doi.org/10.1002/jso.23994
https://doi.org/10.1111/ans.15096
https://doi.org/10.3748/wjg.v25.i16.1986
https://doi.org/10.18632/oncotarget.13244
https://doi.org/10.18632/oncotarget.13244
https://doi.org/10.18632/oncotarget.6534
https://doi.org/10.1007/s00259-020-04769-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Development and Validation of a Novel Model to Predict Regional Lymph Node Metastasis in Patients With Hepatocellular Carcinoma
	Introduction
	Patients and Methods
	Patients
	Definitions
	Statistics

	Results
	Baseline Characteristics and Survival Analyses of Patients With Hepatocellular Carcinoma
	The Role of Regional Lymph Node Dissection in Patients With Hepatocellular Carcinoma
	Development and Validation of a Model to Predict Regional Lymph Node Metastasis of Hepatocellular Carcinoma

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


