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Development of dynamic nomogram for predicting
cancer-specific survival in hepatoid adenocarcinoma:
A comprehensive SEER-based population analysis

Qing-Zhe Wang ®*, Yi-Xin Zhou ®1#, Xiao-Li Mu

1, Jia-Ling Wang ®?, Shuang Zhang ®'*, and Ye Chen ®2*

Hepatoid adenocarcinoma (HAC) is a poorly differentiated extrahepatic tumor that can produce alpha-fetoprotein (AFP). The literature
does not provide a comprehensive understanding of the prognostic factors for HAC. Therefore, we present a novel nomogram to predict
the cancer-specific survival (CSS) of patients with HAC. We analyzed 265 cases of HAC from the Surveillance, Epidemiology, and End
Results (SEER) database spanning from 2004 to 2015. Using a Cox proportional hazard regression model, we identified several risk
factors and incorporated them into our predictive nomogram. The nomogram’s predictive ability was assessed by utilizing the
concordance index (C-index), calibration curve, and receiver operating characteristic (ROC). Results from a multivariate Cox regression
showed that CSS was independently correlated with liver metastasis, surgery, and chemotherapy. Our nomogram had a C-index of 0.71
(95% C10.71-0.96). Furthermore, calibration curves demonstrated concordance between the predicted survival probability from the
nomogram and the observed survival probability. The areas under the curve (AUCs) for 6-month, 1-, and 3-year survival were 0.80, 0.82,
and 0.88, respectively. Our study successfully formulated a prognostic nomogram that offers promising predictions for the 6-month,
1-, and 3-year CSS of patients with HAC. This nomogram holds potential for practical use in guiding treatment decisions and designing

clinical trials.

Keywords: Hepatoid adenocarcinoma (HAC), cancer-specific survival (CSS), Surveillance, Epidemiology, and End Results (SEER)

database, nomogram.

Introduction
Hepatoid adenocarcinoma (HAC) is identified as a type of extra-
hepatic adenocarcinoma that shares similar morphological
characteristics with primary hepatocellular carcinoma (HCC).
HAC has been primarily reported in the gastrointestinal tract,
especially in the stomach, accounting for 0.39%-1.6% of all gas-
tric cancers [1, 2]. It can also be discovered in the gall bladder,
lung, ovary, bladder, and rectum [3, 4]. Patients with HAC are
commonly correlated with elevated serum alpha-fetoprotein
(AFP) and early metastases of the lymph node, lung, and
liver[1, 5, 6]. HAC and HCC share many similar clinicopatholog-
ical features, including elevated serum AFP, hepatoid morphol-
ogy (resembling hepatocytes), and positive immunoreactivity
with AFP and carcinoembryonic antigen (CEA) [7]. In clinical
management, it is necessary to distinguish HAC from HCC or
other conventional carcinomas due to their higher metastasis
rate and lower survival rate.

Previous research has demonstrated surgical resection as
the primary treatment for HAC, whereas recurrence still may
happen after RO resection [8]. Generally, the current American
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Joint Committee on Cancer (AJCC) staging systems for various
cancers were recognized as standard evaluating systems for
predicting patients’ survival. However, current clinical studies
of prognostic factors often refer to the conventional cancers
of the corresponding organs, regardless of the specificity of
HAC. So far, the research based on prognostic factors of HAC
is restricted to HAC in the stomach (HAS) and quite limited [9].
Therefore, we aimed to analyze the prognostic factors of HAC
patients based on the Surveillance, Epidemiology, and End
Results (SEER) database and constructed a prognostic nomo-
gram based on these factors.

Materials and methods

Patient selection

Between 2004 and 2015, we retrieved data on 265 initial cases
of HAC from the SEER database. Individuals lacking clinico-
pathologic features were not included in the analysis. Figure 1
displays the specific criteria and data selection procedure in
detail. The International Classification of Diseases for Oncol-
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SEER database query (n = 265)
Registry group: SEER-18-plus
Years of diagnosis: 2001 to 2019
Follow-up cutoff date: 2019

!

Inclusion (n = 265):
+ICD-03: 8576/3

Exclusion:

« Not one primary only (n = 53)

+ Without positive histology (n=1)
« Incomplete clinical data (n = 88)
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Figure 1. The flow diagram of our study. SEER: Surveillance, Epidemiol-

ogy, and End Results.

ogy, Third Revision, and Histological Type Codes of 8576/3
were utilized to determine the inclusion criteria. Data extracted
from each patient included age, sex, race, year of diagnosis,
marital status, AJCC 6th edition T, N, and M stages, histo-
logic type, surgery, radiotherapy, chemotherapy, vital status,
survival months, and causes of death. Metastasized locations
included the brain, liver, lung, and bone. The final study group
consisted of 123 cases with a HAC diagnosis. To develop and
validate nomograms, we randomly assigned 37 patients to the
validation group and 86 patients to the training cohort from the
SEER database.

Endpoints’ definition

As the length of time from the date of diagnosis to the date of
death is specifically related to cancer, cancer-specific survival
(CSS) was defined as the primary outcome. Overall survival
(0S), the secondary outcome, was defined as the amount of time
that has passed between the last follow-up or the date of death
for any reason.

Ethical statement
As the SEER database is publicly accessible, no ethical commit-
tee review or approval was required for using this data.

Statistical analysis

SEER*Stat software version 8.3.9.0 was used to extract patient
data. Categorical variables were expressed as percentages.
Patients were randomly assigned to the training and validation
cohort at a ratio of 7:3. The two groups’ baseline characteristics
were compared using the chi-squared test. Cumulative survival
curves were generated using the Kaplan-Meier method and
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compared using the log-rank test. Univariate and multivariate
survival analyses were conducted using the Cox proportional
hazards model. Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) were established. Multivariate Cox analysis included
significant variables (P < 0.05 in univariate analysis, P < 0.1
in Kaplan-Meier, or clinically noteworthy). Based on factors
with P < 0.05 in the multivariate analysis, the nomogram was
created. Predictive power has been evaluated using the C-index,
ROC curve, and calibration curve (1000 bootstrap resamples).
Better prediction can be seen by a higher C-index. A curve
of calibration with a slope of 1 (the gray line) was utilized to
compare the actual results against the projected results. The
ROC curve’s area under the curve (AUC) value indicates model
discrimination. The effects of the model on clinical net ben-
efit under various thresholds were examined using decision
analysis and clinical impact curves. Patients were divided into
high-risk and low-risk groups based on the cut-off risk value,
which was established by calculating the median risk score for
every patient in the training and validation cohorts.

R 4.1.2 software (http://www.rproject.org) and the IBM
SPSS 22.0 program (IBM Corporation, Armonk, New York)
were used for statistical analysis. R 4.1.2 and shinyapps.io were
used in the construction and validation of the nomogram. The
dynamic nomogram was constructed using the R package “Dyn-
Nom.” P < 0.05 was regarded as statistically significant in all
two-sided statistical tests.

Results

Baseline characteristics

After excluding certain patients, a total of 123 individuals were
included in the trial, with 86 in the training group and 37 in
the validation group (Figure 1). The baseline characteristics of
all enrolled patients are summarized in Table 1. In the training
cohort, the 6-month, 1- and 3-year CSS rate was 52.8%, 39.8%,
and 23%, respectively. In the validation cohort, the 6-month,
1-, and 3-year CSS rates were 45%, 36%, and 22.9%, respectively.
The median CSS for training and validation groups was seven
and five months, and the median OS was five and five months,
respectively. In both cohorts, most patients were white, male,
and middle-aged or elderly. The distribution of clinical stages
for both groups was generally T3-4, NO, and MI. A total of
57% and 54% of patients in the training and validation group,
respectively, had distant metastasis, including bone (12.8%;
13.5%), brain (12.8%; 13.5%) liver (12.8%; 10.8%), and lung
(16.3%; 16.2%). The majority of patients were with advanced
clinical grades. Most patients underwent surgery, with over
half receiving chemotherapy, and less than 40% receiving
radiotherapy. All variables were comparable between the two
groups.

Factor prediction using univariate and multivariate analyses

The training cohort’s CSS was predicted by each variable
using the Cox proportional hazards model (Table 2). Univariate
Cox analysis indicated that races other than white or black,
T3-4 stage, N1-3 stage, M1 stage, liver metastasis, and no
surgery were significantly correlated with worse CSS. The
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Table 1. Continued

Training cohort Validation cohort

Training cohort Validation cohort Characteristics N = 86,n (%) N =37,n(%) P value
Characteristics N =86, n (%) N =137,n(%) Pvalue  Grade
Age (years) 1-2 4(4.7) 2(5.4) 0.583
<58 14 (16.3) 6(16.2) 0.612 3-4 27 (31.4) 15 (40.5)
5865 27 (31.4) 11(29.7) Unknown 55 (64.0) 18 (48.6)
66-74 19 (22.1) 12(32.4) Surgery
>74 26(30.2) 8 (21.6)
Yes 65 (75.6) 25 (67.6) 0.485
Sex No/unknown — 21(24.4) 12(32.4)
Male 51(59.3) 25 (67.6) 0507  Radiation
Female 35(40.7) 12(32.4)
Yes 29 (33.7) 14 (37.8) 0.816
Race No/unknown  57(66.3) 23(62.2)
White 67(77.9) 29 (78.4) 0.991 Chemotherapy
Black 9(10.5) 4(10.8)
Other 10 (11.6) 4(10.8) Yes 37(43.0) 18 (48.6) 0.706
No/unknown 49 (57.0) 19 (51.4)
Marital status
Married 49 (57) 14 (37.8) 0.071
B:kmnac:\:\i/id —;)2(5(17)'2) 52(2(5735) Kaplan-Meier curve and log-rank analysis were also applied
: : as a complementation to recognize possible prognostic factors,
Site which showed that other races, unmarried, advanced T, N, M
Lung 36 (41.9) 15 (40.5) 1.000 stages, liver, lung metastasis, and no surgery were significantly
Other 50 (58.1) 22(59.5) correlated with poorer prognosis (Figure2). According to
T classification the results, race, marital, TNM classification, surgery, and
T0 2(2.3) 0(0.0) 0.434  chemotherapy were then included in the multivariate analysis.
T1-2 27 (31.4) 15 (40.5) Due to the multi-collinearity bias between the M stage and
T3-4 40 (46.5) 18 (48.6) liver/lung metastasis, only the M stage was included in the
T 17(19.8) 4(108) multivariate analysis. Chemotherapy was also included out of
N classification precious research and clinical consideration [10]. The multi-
NO 37 (43.0) 19 (51.4) 0.560 variate analysis showed that M stage, surgery, and chemother-
N1-3 31(36.0) 13(35.1) apy were independent prognostic factors for patients
Nx 18 (20.9) 5(13.5) with HAC.
M clossification Constructing and verifying the nomogram
MO 34(39.5) 14(37.8) 0.551 Based on the results from the multivariate analysis, M stage,
M1 49 (57.0) 20 (54.1) . .
Mx 3(35) 3(81) surgery, and chemotherapy were included in the nomogram
- (Figure 3). Total points could be added up to calculate the
Bone metastasis 6-month, 1-year, and 3-year CSS for patients. Based on the
No 42(48.8) 17 (45.9) 0.635 clinical characteristics, the risk score was calculated for each
Eensknown % ((122882) i’7(?415) 9 patient. A higher score represented a lower survival possibility.
¥ ¥ The C-indices of the training cohort and validation cohort were
Brain metostasis 0.758 and 0.745, respectively. The ROC curves presented with
No 46 (53.5) 15 (40.5) 0.367 AUC values are shown in (Figure 4). The training cohorts of the
Yes 11(12.8) 5(13.5) 6-month, 1-, and 3-year CSS had AUC values of 0.811 (95% CI
Unknown 33 (38.4) 17(45.9) 0.65-0.95), 0.830 (95% CI 0.66-0.98), and 0.914 (95% CI 0.58-
Lung metastasis 0.99), respectively. The validation group, which had AUC values
No 41(47.7) 16 (43.2) 0799  0f0.832(95% CI10.70-0.89), 0.872 (95% CI0.71-0.92), and 0.888
Yes 11(12.8) 4(10.8) (95% C10.82-0.98), respectively, demonstrated a similarly good
Unknown 34(39.5) 17 (45.9) discriminating ability. By plotting the calibration curve, the
Liver metastasis observed results were highly consistent with the predicted
No 40 (46.5) 14 (37.8) 0625  results in both training and validation groups (Figure 5). The
Yes 14 (16.3) 6 (16.2) DCA curves and clinical impact curves of both groups further
Unknown 32(37.2) 17(45.9) demonstrated our model could be effective in clinical practice
with considerable net clinical benefits (Figure 6). Furthermore,
(Continued)  this nomogram’s C-index (0.758) was greater than the AJCC
Wang et al.
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Table 2. Univariate and multivariate Cox analyses of the capacity of each factor to predict CSS

Characteristics Univariate Multivariate
HR 95% ClI P value HR 95% Cl P value
Age (vs<58)
58-65 3.084 1.060-8.973
66-74 4.072 1.401-11.838 0.078
>74 2.618 0.814-8.424
Sex
Female vs Male 0.729 0.349-1.523 0.400
Race
Black vs White 0.468 0.141-1.554 0.008* 0.393 0.141-1.100 0.253
Other vs White 3.827 1.445-10.138 ' 1.217 0.446-3.315 '
Grade
ITvs | 0.751 0.257-2.199
Mvs | 0.863 0.357-2.087 0.959
Vsl 0.856 0.349-2.098
Marital status
Unmarried vs Married 1.025 0.516-2.039 0508 0.870 0.475-1.594 0.249
Unknown vs Married 0.433 0.098-1.905 ' 0.173 0.022-1.392 '
Site
Others vs Lung 0.681 0.317-1.461 0.324
T classification
T1-2vsTO 1.457 0.192-11.051 2.381 0.295-19.229
T3-4vsTO 2.771 0.378-20.339 0.020* 3.127 0.446-3.315 0.726
Txvs TO 4544 0.592-34.860 2.732 0.308-24.249
N classification
N1-3vs NO 1.530 2.656-3.896 * 1.085 0.583-2.020
Nx vs NO 2.406 1.214-4.767 0.040 0.924 0.354-2.411 0.643
M classification
M1vs MO 4.267 2.335-7.800 . 2.368 1.083-5.175 *
Mx vs MO 1.940 0.446-8.441 <0.001 0.739 0.119-4.590 0.039
Bone metastasis
Yes vs No 1.719 0.805-3.670 0375
Unknown vs No 1133 0.658-1.951 '
Brain metastasis
Yes vs No 1.078 0.420-2.764 0984
Unknown vs No 1.033 0.609-1.752 '
Lung metastasis
Yes vs No 2.513 1.159-5.448 0.065
Unknown vs No 1.272 0.740-2.189 '
Liver metastasis
Yes vs No 3.112 1.509-6.420 0.008*
Unknown vs No 1.240 0.709-2.169 :
Grade
-1V vs I-11 0.985 0.294-3.322 0937
Unknown vs I-1I 0.862 0.278-2.924 '
Radiation
Yes vs No 0.948 0.567-1.583 0.838
Surgery
Yes vs No 0.174 0.078-0.388 <0.001* 0.251 0.090-0.698 0.008*
Chemotherapy
Yes vs No 0.741 0.448-1.227 0.244 0.505 0.279-0.914 0.024*

Bold values with asterisks indicate statistical significance. CSS: Cancer-specific survival; HR: Hazard ratio.
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Figure2. Kaplan-Meier curves of CSSbased on (A) age, (B) sex, (C) race, (D) marital, (E) T stage, (F) N stage, (G) M stage, (H) grade, (1) liver metastasis,
()) lung metastasis, (K) bone metastasis, (L) brain metastasis, (M) chemotherapy, (N) radiation, and (O) surgery. CSS: Cancer-specific survival.

staging system’s 6th edition (0.728), suggesting the model’s
quite good predictive ability. According to the survival analysis,
patients with high-risk scores presented with poorer CSS com-
pared with patients with low-risk scores (Figure 7).

Dynamic nomogram

We utilized R software to create a dynamic nomogram. This
dynamic model is accessible at https://april-1998.shinyapps.io/
dynamic/_nomogram/. The predicted survival rate is displayed
on the right side of the screen after each parameter is set on the
left side of the sketch map (Figure 8).

Wang et al.

Discussion

HAC is a very rare and specific type of adenocarcinoma
that originates outside the liver and has morphological and
immunohistochemical characteristics similar to HCC. Initially,
Ishikura et al. [11] proposed the concept of HAC because they
observed high expression of AFP in some patients with gas-
tric adenocarcinoma. HAC can originate in different organs,
with the stomach and lung being the largest sites of ori-
gin. It is more common in elderly patients, with strong
aggressiveness, low survival rate, and often early metasta-
sis to the liver and lymph nodes, and the prognosis is far

Cancer-specific survival in hepatoid adenocarcinoma 1354 www.biomolbiomed.com


http://www.biomolbiomed.com
https://april-1998.shinyapps.io/dynamic/_nomogram/
https://april-1998.shinyapps.io/dynamic/_nomogram/
http://www.biomolbiomed.com

Figure 3.

Biomolecules
& Biomedicine

pont Survival Nomogram
onts 670 20 T30 40 50 1 60 70 8 90 00
Yes ;
Chemotherapy* l
No
Surgery** Yés
L
§ 1
4
M . H
Total points
. ; v
60 80 100 120 130 160 180 200 220
0.404
Pr( Months < 36 | ¥— o5 07 085 094 008 0995
0.212
Pr( Months <12 | ¥ 03 05 0.7 084 002
0.141
Pr( Months < 6] g o R 02 04 06 08

CSS: Cancer-specific survival; HAC: Hepatoid adenocarcinoma.

A

=5

0.8

™
0.4 0.6

0.2

0.0

0.8 1.0

TP
0.4 0.6

0.2

0.0

Nomogram for predicting survival probabilities of 6-month, 1-, and 3-year CSS of patients with HAC. *P < 0.05, **P < 0.01.

6-month survival B 1-year survival c 3-year survival
s Q. > o
» i = = 2 =
o / @ | /
o o
© ©
/ a | / a |
/ ~ [ (=
/ < | <
/ o [ o
/ |
/ AUC =0.81 8 AUC =0.83 9. AUC =0.91
/ 95% CI1 0.65-0.95 | 95% C10.66-0.98 95% CI1 0.58-0.99
J ]} o
o o
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
FP FP FP
6-month survival E 1-year survival F 3-year survival
—— o — o o
_— -~ -~ P
a1 24\
\\
\
© o |\
o o \
o o \
[= = \
/ S ‘/‘ S /
/ AUC =0.83 ~] AUC = 0.87 8l / AUC =0.89
/ 95% C1 0.70-0.89 T4 95% C1 0.71-0.92 1/ 95% C1 0.82-0.98
J = / QL )
o o
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
FP FP FP
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Figure 7. The Kaplan-Meier CSS curves for low- and high-risk patients in the training (A) and validation cohorts (B). CSS: Cancer-specific survival.

worse than that of ordinary adenocarcinoma [12-14]. Cur-
rently, timely detection and complete surgical resection are
considered vital treatment strategies. Accurate differentiation
between HCC and liver metastases of HAC is essential [8].
Due to the low incidence of HAC, few domestic reports, and
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the specificity of the clinical and imaging features of patients
is not high, it is not easy to predict the prognosis. Our
study constructed a novel nomogram to predict the progno-
sis of HAC patients based on the existing clinicopathological
parameters.
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The most common sites were previously reported as
lymph nodes (57.5%) and liver (46.3%), followed by the lungs
(3.4%) [15], compared with 54.5%, 16.2%, and 12.2% of our study,
respectively. Our univariate and multivariate Cox regression
analysis revealed that M stage, surgery, and chemotherapy
were determined as independent prognostic factors, which
are generally consistent with previous research [16]. Research
utilizing the SEER database has shown that survival is better
in patients under 60 years old, with no distant metastases,
and who received surgery and treatment [17]. Our research,
however, failed to find any independent correlations between
age and CSS (Univariate Cox: P = 0.078). Distant metas-
tases are more common in patients with HAC compared
to other adenocarcinomas and are associated with a worse
prognosis [15]. Our study revealed that the M1 stage is an
independent poor prognostic factor of CSS in HAC patients
(HR = 2.368, P = 0.039). Regarding treatments, surgery is
recommended as the primary option for HAC at various sites
and has been shown to prolong OS, particularly with radical
surgery [18]. However, a previous study of HAC at the lung
(HAL) reported no conventional treatments, including surgery,
chemotherapy, and radiotherapy, could have survival benefits
in patients with HAL (P > 0.05) [19]. On the contrary, our
study demonstrated the promising efficacy of patients with
HAC receiving surgeries (HR = 0.251, P = 0.008). The standard
chemotherapy regimen of HAC remains to be settled, yet a
case series of eight patients treated with fluoropyrimidine,
platinum, paclitaxel, and cisplatin, indicated that HAC might
be correlated with poor sensitivity to chemotherapy with a
response rate of 8% and a disease control rate of 50%, implying
the possible high resistance of HAC to chemotherapy [20, 21].
Controversially, cisplatin-based chemotherapy is considered
the most effective first-line systemic treatment for metastatic
HAC, with a promising clinical response observed in 75% of
patients [22]. Our study also demonstrated that receiving
chemotherapy is correlated with better CSS among patients
with HAC (HR = 0.505, P = 0.024). Therefore, the efficacy of
chemotherapy requires further research.
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A nomogram based on 315 individuals with primary HAS
revealed that node category 3b, CEA levels of 5 ng/mL or
higher, and perineural invasion were all independent risk fac-
tors for poorer survival outcomes [23]. However, this study
did not find any independent prognostic factors that are sim-
ilar to our research. That nomogram based on these fac-
tors achieved C-indexes of 0.72 in the training cohort and
0.72 in the validation cohort, compared with 0.758 and 0.745
of our nomograms. Besides the encouraging C-indices, our
AUC values also demonstrated good discriminant capacity in
the validation group, which attained AUC values of 0.832,
0.872, and 0.888 for 6-month, 1-, and 3-year CSS, respectively.
Another nomogram study of HAC indicated that age, preopera-
tive CEA, number of examined lymph nodes, perineural inva-
sion, and proportion of positive lymph node, have prognostic
value on recurrence-free survival (RFS) (C-index 0.723) [9].
The AUC values of that study for 1-, 2- and 3-year RFS pre-
diction were 0.741, 0.757, and 0.761, respectively, while our
AUC values for 6-month, 1-, and 3-year CSS prediction were
0.80, 0.82, and 0.88, respectively. Generally, our research
has shown considerable efficiency in predicting CSS among
patients with HAC and firstly established a dynamic nomogram
of HAC.

There are limitations to this study. First, there will inevitably
be internal biases and limited significance because of the retro-
spective nature and absence of randomization. Second, access
to comprehensive information on available treatments, molec-
ular type, tumor markers, such as AFP and CEA, and other
relevant data is unattainable due to restricted variables in the
SEER database. These indicators are required for a thorough
prognosis evaluation. The results could be impacted by differ-
ences in treatment philosophy between the SEER and valida-
tion sets. Because external validation was hampered by the low
prevalence of HAC, statistical power for subgroup analysis was
constrained. Integrating HAC patient data from many sources
could be beneficial for future studies. Moreover, the follow-up
period in our study is too short; extending it could increase the
accuracy of the predictive model.
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Conclusion

Based on three variables (M stage, surgery, and chemother-
apy) that correlate significantly with CSS, we generated specific
nomograms to improve the long-term prognosis prediction of
patients with HAC. These nomograms can lead to more targeted
treatment and follow-up strategies for HAC. To our knowledge,
this is the first time nomograms have been used to predict
CSS in HAC patients. The nomogram showed good perfor-
mance in both the training and validation groups. Furthermore,
the nomogram effectively differentiates between high- and
low-risk patients, revealing a significant difference in survival
rates between the two groups. Our study’s nomogram can be a
useful tool for predicting HAC prognosis, regardless of location,
as it can divide patients into high- and low-risk categories.
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