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Background: Merkel cell carcinoma (MCC) is a rare and aggressive neuroendocrine carcinoma of the skin,
with a high recurrence rate and a high mortality rate worldwide. The purpose of this article is to construct
a nomogram that incorporates significant clinical parameters and predicts the survival of individuals with
MCC.

Methods: The Surveillance, Epidemiology, and End Results (SEER) database was employed to
retrospectively analyze all confirmed MCC cases from 2004 to 2015. The data was collected from 3,688
patients, and was randomized as the training or validation group (1:1 ratio). The independent factors which
predicted the cancer-specific survival (CSS) and overall survival (OS) for MCC cases were searched for
nomogram construction respectively. Independent parameters that affected CSS were determined using
the Fine and Gray competing risk regression model. In addition, the time-dependent receiver operating
characteristic (ROC) curve was constructed. Then, the area under the curve (AUC) values, calibration curve,
and the concordance index (C-index) were used to determine the nomogram performance. At last, decision
curve analysis (DCA) was conducted to determine the net clinical benefit.

Results: The multivariate analysis results revealed that sex, age, race, marriage, American Joint Committee
on Cancer (AJCC) stage, chemotherapy and radiotherapy were independent OS prognostic factors.
Furthermore, competing risk analysis showed age, sex, AJCC stage, chemotherapy were the independent
CSS prognostic factors. For validation, the C-index value of OS nomogram was 0.703 (95% CI: 0.686-0.721),
while C-index value of CSS nomogram was 0.737 (95% CI: 0.710-0.764). Both C-index and AUC suggested
that nomograms had superior performance to that of the AJCC stage system. In addition, according to
the calibration curve, both nomograms were capable of accurate prediction of MCC prognosis. The DCA
showed that the net benefits of the nomograms were superior among various threshold probabilities than
these of AJCC stage system.

Conclusions: The present work established and verified the novel nomograms to predict the OS and
CSS of MCC patients. If further confirmed in future studies, it may become another helpful tool for risk

stratification and management of MCC patients.
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Introduction

Merkel cell carcinoma (MCC) represents an uncommon
yet highly aggressive cutaneous neuroendocrine carcinoma.
Its etiology and pathogenesis are mainly related to long-
term excessive ultraviolet radiation exposure, together with
infection with Merkel cell polyoma virus (1). In the elderly,
MCC is frequently diagnosed in areas of sun-exposed skin
and grows rapidly in these areas (2). In recent years, its
incidence rate and mortality has significantly increased (3,4),
which is expected to be approximately 3,284 cases per year
in 2025 in USA (3).

For clinicians, it is both an important and a difficult
task to predict MCC prognosis and advising reasonable
treatment options. At present, the American Joint
Committee on Cancer (AJCC) stage classification has
been identified as an effective tool to define the prognosis
of MCC and to suggest the tailored treatment options to
patients. AJCC classification has long exerted a vital part
in evaluating the tumor prognosis (5,6). The tumor stage
classification system has been utilized for dividing patients
into different risk groups, thus facilitating the assessment of
clinical risks and the decision-making of clinical therapeutic
strategy. However, the system has several limitations since
only tumor size, histological metastasis and lymph nodes
are considered (7,8). Some researchers have indicated that
even within the same tumor node metastasis (TINM) stage,
the survival of MCC patients may differ (9,10). While some
other researchers suggested that the non-adjustment for
sex- and age-matched life span in the overall survival (OS)
possibly affected the creditability of this system (11). In
addition, it is also reported that sex, ethnicity, the age of
diagnosis, marital status, surgical interventions, adjuvant
chemotherapy and radiotherapy significantly affect the
survival of MCC patients. The AJCC classification system
has been extensively adopted to predict patient prognosis. It
is both important and difficult for clinicians to predict the
prognosis of MCC and advise reasonable treatment options.
After the possible AJCC classification system-based analysis
was completed, we tried to develop effective prediction
tools based on the existing stage systems, which will enable
the early diagnosis of patients, and predict clinical outcomes
and personalized treatments.

Nomograms are the graph-based representation of the
results of the statistical prediction model, which makes it
possible to quantify the prediction probability of clinical
events of each patient (12). Nomograms are reliable and
convenient tools for identifying positive and negative
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prognostic factors, which have been widely used in clinical
practice to successfully predict the survival rate of cutaneous
malignancies, like malignant melanoma and squamous cell
carcinoma (13,14).

As far as we know, there has been seldom study about
nomograms in MCC prognosis prediction. This work
aimed to establish and validate the nomograms based on
the Surveillance, Epidemiology, and End Results (SEER)
database, and incorporated various prognostic factors, which
determined how diverse parameters affected the survival
rate and visualized outcomes predicting individual patient
survival. We presented the following article in accordance
with the TRIPOD reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-4578).

Methods
Data source as well as inclusion criteria

In this study, the latest version of SEER (8.3.5, https://
SEER.cancer.gov/) was applied in reviewing patient
information in SEER database (covering 18 registries). The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). Since individual information
has been removed from all the SEER databases, informed
consent from patients and approval by the institutional
review board were exempted. The patient inclusion criteria
were as follows: (I) age >18 years; (II) all data contained
ICD-O-3 histologic type (8247/3), and primary site code
(44.0-44.9) was used for MCC; (III) all data had been
classified by the New 8th Edition AJCC stage System;
(IV) active follow-up with stage, surgery, tumor size,
lymph node, and marriage; (V) patients in the cohort
confirmed from 2004 to 2015. Patients conforming to the
following conditions were excluded: (I) unknown stage
information; (II) unknown surgery information; (III)
unknown tumor size; (IV) unknown lymph involvement
information; (V) unknown ethnic information; (VI) no
information about marriage at diagnosis; (VII) primary
site was not on skin. After selection, 3,688 eligible patients
were included in analyses (flow diagram was shown in
Figure 1). Patient demographic variables included age,
sex, race, and marriage. In addition, the pathological stage
(T/N/M, derived AJCC, eighth edition) of patients was
included. The size of tumor was categorized into >2 or
<2 cm. Lymph nodes were classified as lymph involved or no
lymph involved. Treatments included surgery, radiotherapy,
and chemotherapy, which were further classified into two
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Age >18 patients with pathologically
confirmed merkel cell carcinoma, between
2004-2015 (n=6,392)

Page 3 of 13

Stage information unknown (n=1,880);
No surgery information (n=4);

No tumor size information (n=468);

No lymph involvement information (n=51);

A4

Patients included for analysis (n=3,688)

Y

No ethic Information (n=17);

No information about marital status at
diagnosis (n=225);

Primary site is not in skin (n=59)

Training  / Validation
dataset < > dataset
(n=1,844) (n=1,844)

Figure 1 The flowchart of applying the inclusion and exclusion criteria and constructing training and validation dataset in the SEER

database.

categories: “yes” and “no/unknown”.

Statistical analysis and nomogram construction

The entire whole in the present work was randomized as
two groups, including 1,844 (50%) in the training cohort
while 1,844 (50%) in the validation cohort. At diagnosis, the
age of a patient and survival time (months) were expressed
as mean + SD or median and distributed appropriately
(25th—75th percentile). Continuous variables were analyzed
by Mann-Whitney test, whereas categorical variables were
compared by chi-square test. Univariate and multivariate
Cox proportional hazards regression was performed to
assess factors related to patient survival.

The primary endpoint in our research was 3-year
cancer-specific survival (CSS). The CSS was calculated
after classification according to MCC characteristics,
especially referring to people who die of MCC. Death due
to additional causes may be the competitive event for MCC
death. Therefore, the competing risk nomogram was built
for predicting CSS (time period between MCC diagnosis
and MCC-related death). Cumulative incidence function
(CIF) depicted the accumulated occurrence probability of
a certain event, when the competing events were also taken
into consideration (15). The accumulated incidences of the
interested events were fitted through designing the Fine-
Gray model (16).

In univariate analysis, the variables related to CSS (P<0.2)
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were further assessed with a multivariate Cox regression
analysis based on proportional subdistribution hazard
models. The independent variables with important clinical
value were used to construct the nomogram of CSS.

The secondary endpoint in our research was 3-year OS.
OS represented the duration from the date of diagnosis to
the date of death or last follow-up. In multivariate analysis,
we included variables based on the results of the univariate
analyses (P<0.2). The independent factors related to the
prognosis of OS were determined using the multivariate
Cox proportional hazards regression model. The CSS is the
most relevant indicator, but OS should not be ignored.

The ROC curve was analyzed by determining the as-
constructed nomogram performance. The nomogram
accuracy was analyzed by Harrell C-index, together with
the area under the time-dependent ROC curve (AUC).
A greater C-index value indicated the better nomogram
performance in predicting the prognosis (17). A calibration
curve of the nomograph was drawn to evaluate the
consistency between the observed and estimated survivals.
To sum up, the nomograms were constructed to predict
the survivals for MCC patients at 3 years. We determined
the clinical significance of using nomograms by performing
decision curve analysis (DCA) (18). In 2008, Vickers
extended the application scope of DCA to the analysis of
survival data (19). For all analyses, a P value <0.05 indicated
statistical significance. Statistical package R (http://www.
r-project.org), together with EmpowerStats software
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(www.empowerstats.com, X&Y Solutions, Inc., Boston,
MA) was employed for statistical analysis.

Results
The characteristics of patients

According to patient inclusion as well as exclusion criteria,
this study included 3,688 cases in the analyses. Then,
all cases were randomized as the training (n=1,844) or
the validation (n=1,844) cohort. There was no statistical
difference among these cohorts. For all cases, their average
age was 74.98 years, with the median survival of 28.00
months. In the present study, we included 2,337 (63.37%)
male patients. A majority of patients were white (95.72%)
in this study. The classification according to AJCC stages
was as follows: stage I, 1,640 patients (44.47%); stage 11,
699 patients (18.95%); stage III, 1,103 patients (29.91%);
and stage IV, 246 patients (6.67%). With regard to therapy,
most of the patients underwent surgery (89.91%) and
only 464 patients received chemotherapy (12.58%). A
total of 2,010 death cases were reported in the follow-
up visits, including 645 cancer-related death cases as
well as 1365 competing death cases. Table 1 displayed the
clinicopathologic characteristics of all patients. Across the
entire study population, the 3-year cancer-specific death
rates of AJCC [, I, III and IV stages were 8.15%, 12.29%,
25.36% and 48.17%, respectively; while the corresponding
non-cancer-specific death rates were 25.48%, 32.22%,
27.93% and 38.61%. Figure S1 showed related CIF
curves and the accumulated non-cancer-specific mortality
increased relative to the cancer-specific mortality among

cases in addition to AJCC IV stage.

Nomogram establishment and verification in OS prediction

To further determine the independent OS predicting
factors, univariate together with multivariate analysis was
conducted using the Cox proportional hazard model.
According to results of univariate analysis, age, sex,
marriage, tumor size, AJCC stage, lymph nodes, radiation,
chemotherapy, and surgery were correlated with OS
(P<0.05, Table 2). By performing multivariate analysis, we
identified seven independent prognostic factors of survival,
such as sex, age, marriage, race, AJCC stage, radiotherapy,
and chemotherapy (the nomogram is shown in Figure 2).
From the nomogram, the age, which scale fell in the range
of 0-100, contributed to the OS at 3 years most significantly.
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To apply the nomogram, drawing a perpendicular line
towards the first row identify the value of each independent
factors. The summation of the above figures was on the
total-point axis, then the survival likelihood was determined
by drawing a line down along the survival axis.

The C-index values for the as-constructed OS nomogram
model in the training and validation set were 0.708 (95%
CI: 0.691-0.725) together with 0.703 (95% CI: 0.686—
0.721), respectively, which had superior discriminating
effect to those of AJCC stage within the above two sets
(0.618, 95% CI: 0.600-0.636) as well as (0.610, 95% CI:
0.592-0.628), respectively (Table 3). The AUC values of
the ROC training and validation data predicted that our
constructed nomogram had superior OS at 3 years to that
of AJCC stage (Figure 3 and lable 3).

Nomogram establishment and verification in CSS
prediction

Univariate and multivariate analysis results are displayed
in Table 4. Upon univariate analysis, age, sex, tumor size,
AJCC stage, chemotherapy, surgery, and lymph nodes
were correlated with CSS (P<0.05). Besides, according to
Fine and Gray analysis results, the age, sex, chemotherapy
and AJCC stage were able to independently predict the
prognosis for CSS (Figure 4). These four factors were used
to construct the nomogram of CSS. Also, based on our
constructed nomogram, the AJCC stage contributed most
significantly to CSS (including 3-year).

With regard to the CSS nomogram model established,
the C-index value for training set 0.745 (95% CI: 0.719-
0.771), while that for validation set was 0.737 (95% CI:
0.710-0.764), which displayed superior discriminating
effect to AJCC stage in either training (0.715, 95% CI:
0.688-0.743) or validation (0.700, 95% CI: 0.671-0.730)
set, respectively (1able 3). As shown in Figure 3, the AUC
values of the training and validation data predicted that our
constructed nomogram had superior 3-year CSS to AJCC
stage.

Calibration curve of the nomogram

The calibration curves showed that the line of prediction
closely approximated the 45-degree line, which presented
the estimated survival rates in both training and validation
sets at 3 years, respectively. These findings well conformed
to the actual result, indicating an excellent agreement

between OS and CSS at 3 years (Figures S2,S3).
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Table 1 Basic characteristics of the patients
Variable Total (n=3,688) Training dataset (n=1,844) Validation dataset (n=1,844) P
Survival time (months) [median 28.00 (14.00-58.00) 27.00 (13.00-58.25) 29.00 (14.00-57.00) 0.793
(inter-quartile range)]
Age (years), mean + SD 74.98+11.35 75.18+11.37 74.78+11.32 0.282
Sex, n (%) 0.473
Female 1,351 (36.63) 686 (37.20) 665 (36.06)
Male 2,337 (63.37) 1,158 (62.80) 1,179 (63.94)
Race, n (%) 0.307
White 3,530 (95.72) 1,757 (95.28) 1,773 (96.15)
Black 59 (1.60) 30 (1.63) 29 (1.57)
Other 99 (2.68) 57 (3.09) 42 (2.28)
Marriage, n (%) 0.454
Married 2,312 (62.69) 1,167 (63.29) 1,145 (62.09)
Unmarried 1,376 (37.31) 677 (36.71) 699 (37.91)
AJCC stage, n (%) 0.062
[ 1,640 (44.47) 818 (44.36) 822 (44.58)
I 699 (18.95) 322 (17.46) 377 (20.44)
1l 1,103 (29.91) 571 (30.97) 532 (28.85)
\% 246 (6.67) 133 (7.21) 113 (6.13)
Tumor size, n (%) 0.425
<2cm 2,108 (57.16) 1,066 (57.81) 1,042 (56.51)
>2 cm 1,580 (42.84) 778 (42.19) 802 (43.49)
Lymph nodes, n (%) 0.172
No lymph involved 2,475 (67.11) 1,218 (66.05) 1,257 (68.17)
Lymph involved 1,213 (32.89) 626 (33.95) 587 (31.83)
Surgery, n (%) 0.827
No surgery 372 (10.09) 188 (10.20) 184 (9.98)
Surgery 3,316 (89.91) 1,656 (89.80) 1,660 (90.02)
Radiation, n (%) 0.597
No/unknown 1,678 (45.50) 847 (45.93) 831 (45.07)
Radiation 2,010 (54.50) 997 (54.07) 1,013 (54.93)
Chemotherapy, n (%) 0.921
No/unknown 3,224 (87.42) 1,613 (87.47) 1,611 (87.36)
Chemotherapy 464 (12.58) 231 (12.53) 233 (12.64)

AJCC, American Joint Committee on Cancer; Cl, confidence interval.
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Table 2 Cox regression analysis for overall survival in the training dataset

Univariate analysis Multivariate analysis
Characteristics
Hazard ratio (95% Cl) P Hazard ratio (95% ClI) P

Age 1.05 (1.05-1.06) <0.0001 1.08 (1.07-1.09) <0.0001
Sex

Female 1 1

Male 1.50 (1.31-1.71) <0.0001 2.32 (1.84-2.92) <0.0001
Race

White 1 1

Black 1.07 (0.64-1.78) 0.791 0.65 (0.28-1.48) 0.302

Other 0.59 (0.38-0.90) 0.014 0.50 (0.27-0.93) 0.029
Marriage

Married 1 1

Unmarried 1.32 (1.16-1.49) <0.0001 1.53 (1.21-1.93) 0.0003
AJCC stage

| 1

Il 1.33 (1.12-1.59) 0.002 1.55 (1.16-2.07) 0.003

11l 1.62 (1.40-1.87) <0.0001 2.11 (1.63-2.73) <0.0001

\% 4.73 (3.83-5.84) <0.0001 9.27 (5.12-16.78) <0.0001
Tumor size

<2.cm 1

>2 cm 1.60 (1.41-1.81) <0.0001
Lymph nodes

No lymph involved 1

Lymph involved 1.58 (1.39-1.79) <0.0001
Surgery

No surgery 1 1

Surgery 0.66 (0.55-0.80) <0.0001 1.27 (0.87, 1.84) 0.220
Radiation

No/unknown 1 1

Radiation 0.81(0.72-0.92) 0.001 0.72 (0.58-0.89) 0.003
Chemotherapy

No/unknown 1 1

Chemotherapy 1.32 (1.11-1.57) 0.002 1.66 (1.14-2.39) 0.007
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Figure 2 Nomogram predicting 3-year OS of the MCC patients. OS, overall survival; MCC, Merkel cell carcinoma.

DCA

Finally, DCA was adopted for assessing the nomogram
clinical significance (Figures S4,S5). DCA, the integrative
approach to estimate and compare nomogram with AJCC
stage, can be established through calculating net benefits for
diverse threshold likelihoods (20). To calculate net benefit,
the false positive proportion was taken away from the true
positive proportion, which was then weighted based on the
relative hazard of the previous treatment relative to negative
outcomes for the redundant treatment (19). Clinicians could
decide whether interventions should be taken to the disease
according the model whose performance was better.

Discussion

The mortality rate of MCC is high, and its incidence is
growing faster than all solid tumors, even above that of
malignant melanoma in the United States since the year
2000 (3). In this study, significant clinical parameters were

© Annals of Translational Medicine. All rights reserved.

used for establishing nomograms, which were used for
predicting OS and CSS. As discovered on the basis of SEER
database, sex, age, marriage, race, radiotherapy, surgery,
chemotherapy and AJCC stage were independent factors
affecting OS. Moreover, age, sex, chemotherapy and AJCC
stage were identified to be the independent parameters
affecting CSS. The results of AUC value, C-index,
calibration curve, and DCA indicated that the predicted
values of our nomograms were better than the AJCC stage.
Agreed well with those of previous study, in our
nomograms, both OS and CSS were primarily affected
by age and sex (21). Surgical treatment is the primary
therapeutic option to treat MCC, especially in the case
of primary MCC (22). We showed that surgery does not
significantly improve the prognosis in patients. Some recent
studies have showed conflicting results between different
types of surgical interventions (22). Recurrence rate is up
to 36-89% after surgical resection alone (23,24). Further
investigations are needed to resolve the affect of surgical
interventions on MCC by randomized controlled trials.
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Table 3 Univariate and multivariate competing analysis of cancer specific survival in training set

Characteristics

Univariate analysis

Multivariate analysis

Hazard ratio (95% Cl) P Subdistribution Hazard ratio (95% Cl) P

Age 1.01 (1.00-1.02) 0.017 1.02 (1.01-1.03) 0.0003
Sex

Female 1 1

Male 1.72 (1.36-2.19) <0.0001 1.79 (1.39-2.30) <0.0001
Race

White 1

Black 1.25 (0.56-2.79) 0.594 1.29 (0.57-2.91) 0.544

Other 0.51(0.23-1.14) 0.101 0.43 (0.18-1.03) 0.059
Marriage

Married 1

Unmarried 1.17 (0.94-1.46) 0.152 1.19 (0.95-1.51) 0.137
AJCC stage

| 1

Il 1.76 (1.22-2.53) 0.003 1.71 (1.18-2.47) 0.005

11l 3.66 (2.78-4.82) <0.0001 3.44 (2.58-4.59) <0.0001

\% 13.05 (9.29-18.34) <0.0001 11.42 (7.77-16.79) <0.0001
Tumor size

<2cm 1

=2 cm 2.06 (1.66-2.55) <0.0001
Lymph nodes

No lymph involved 1

Lymph involved 3.07 (2.48-3.81) <0.0001
Surgery

No surgery 1 1

Surgery 0.51 (0.38-0.68) <0.0001 1.09 (0.79-1.51) 0.606
Radiation

No/unknown 1

Radiation 1.08 (0.87-1.34) 0.473
Chemotherapy

No/unknown 1 1

Chemotherapy 2.72 (2.13-3.47) <0.0001 1.45 (1.08-1.94) 0.013

AJCC, American Joint Committee on Cancer; Cl, confidence interval.
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Figure 3 ROC analysis was performed to evaluate the AUC between the nomogram and AJCC stage. The training dataset (A) and validation

dataset (B) of the OS. The training dataset (C) and validation dataset (D) of the CSS. ROC, receiver operating characteristic curve; AUC,

area under receiver operating characteristic curve; AJCC, American Joint Committee on Cancer; OS, overall survival; CSS, cancer-specific

survival.

Radiotherapy can be used to improve the prognosis of
MCC patients. This is because MCC patients have high
radiosensitivity (25-27). Radiotherapy is not only used as
an alternative to radical surgical resection, but also as an
adjuvant after surgery to improve the prognosis of patients
(25,28). These findings agreed well with our result that
radiotherapy could improve the OS of MCC patients.

Chemotherapy is often used to improve the prognosis
of MCC patients with lymph node metastases (28). In our
analysis, chemotherapy had negative prognostic impact,
reducing the 3-year specific survival rate. This is because
most patients were treated with traditional chemotherapy
regimens. Currently, the traditional chemotherapy
regimen for MCC is derived from small cell lung cancer,
and the first-line chemotherapy is mainly etoposide
combined with carboplatin or cisplatin (29,30). In addition,
chemotherapeutic drugs are cytotoxic, causing pain and

© Annals of Translational Medicine. All rights reserved.

relatively high mortality in patients (31). Nevertheless,
future clinical trials should continue to explore the role of
chemotherapy in MCC patients.

Unmarried status was independent adverse prognostic
factors for MCC. Some studies suggest that married
person could get more social and economic support (32).
In addition, the spousal detection of MCC could promote
early diagnosis and treatment in skin tumors (33).
However, these prognostic factors were not identified
very significantly in the nomograms of OS and CSS at
the same time. Furthermore, Kim ez 4/. reported that an
improvement in OS was associated with difference or bias
in those unmeasured parameters, and the hidden bias might
greatly change those results (27).

There are some advantages to our study. Firstly, the
SEER database was used in this study, which included a
huge American population. Altogether, 3,688 MCC patients

Ann Transl Med 2021;9(4):286 | http://dx.doi.org/10.21037/atm-20-4578
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Table 4 Comparison of C-indexes and AUC between the nomograms and AJCC stages in MCC patients

Training set Validation set
Survival types
C-indexes 95% ClI AUC 95% ClI C-indexes 95% Cl AUC 95% ClI

0os

Nomogram 0.708 0.691-0.725 0.762 0.741-0.784 0.703 0.686-0.721 0.765 0.744-0.786

AJCC stage 0.618 0.600-0.636 0.604 0.580-0.628 0.61 0.592-0.628 0.611 0.587-0.635
CSs

Nomogram 0.745 0.719-0.771 0.715 0.686-0.744 0.737 0.710-0.764 0.711 0.679-0.743

AJCC stage 0.715 0.688-0.743 0.689 0.659-0.719 0.7 0.671-0.730 0.683 0.651-0.716

AJCC, American Joint Committee on Cancer; AUC, area under curve; Cl, confidence interval; OS, overall survival; CSS, cancer specific

survival.
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Figure 4 Nomogram predicting 3-year CSS of the MCC patients. CSS, cancer-specific survival; MCC, Merkel cell carcinoma.
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complied with the standards, and they were screened out of
6,392 patients. Secondly, many characteristics are included
in our analysis, such as demographic characteristics, AJCC
stage, and treatment strategies. As a result, our nomograms
have good generalizability and do not need to be limited by
sex, race, and marriage. Finally, the predictive performance
and the accuracy of our nomograms was better than those
of AJCC stage. Moreover, our nomograms were tested by
ROC analysis, calibration curve, and DCA, to predict the
survival of MCC patients.

Our study also has limitations. Firstly, the majority
patients from SEER database were white race, so there was
potential racial heterogeneity that could not be extrapolated
to other human species. Secondly, the variables obtained
from SEER database were limited, and there was some
important variable information that was not available,
including the “No/Unknown” information, type, or extent
of treatment and specific doses and drug regimens used. In
addition, we did not account for length of time required
for staging and treatment, which may lead to immortal
time bias. We will collect data from multiple medical
centers in different regions and at different levels in the
future to optimize and validate the model. Finally, as the
pathogenesis of the disease continues to be explored, and
new treatment options continue to be improved, such as
the application of targeted drugs like PD-1, PD-L1, the
prognosis of patients will certainly change. The information
data of this nomogram would also need to be updated.
Notably, the predicted values were calculated by using only
the nomogram, which is a kind of reference information
and not an absolutely accurate prognosis.

Conclusions

The nomogram model, which was developed on the
SEER database, provides a reliable and practical tool for
assessing the OS as well as CSS for MCC, and a variety
of independent parameters were integrated for prognosis
prediction. Thus, it exhibited better discrimination and
calibration than the traditional AJCC stage. However, we
need an external validation method for further verifying our
findings. If further validated by other studies, nomograms
have the potential to become a useful clinical prediction
tool for MCC.
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