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Applying nomograms bas
ed on the surveillance,
epidemiology and end results database to predict
long-term overall survival and cancer-specific
survival in patients with oropharyngeal squamous
cell carcinomas
A case–control research
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Abstract
Few models regarding to the individualized prognosis assessment of oropharyngeal squamous cell carcinoma (OPSCC) patients
were documented. The purpose of this study was to establish nomogram model to predict the long-term overall survival (OS) and
cancer-specific survival (CSS) of OPSCC patients. The detailed clinical data for the 10,980 OPSCC patients were collected from the
surveillance, epidemiology and end results (SEER) database. Furthermore, we applied a popular and reasonable random split-
sample method to divide the total 10,980 patients into 2 groups, including 9881 (90%) patients in the modeling cohort and 1099
(10%) patients in the external validation cohort. Among the modeling cohort, 3084 (31.2%) patients were deceased at the last follow-
up date. Of those patients, 2188 (22.1%) patients died due to OPSCC. In addition, 896 (9.1%) patients died due to other causes. The
median follow-up period was 45 months (1–119 months). We developed 2 nomograms to predict 5- and 8- year OS and CSS using
Cox Proportional Hazards model. The nomograms’ accuracy was evaluated through the concordance index (C-index) and
calibration curves by internal and external validation. The C-indexes of internal validation on the 5- and 8-year OS and CSS were
0.742 and 0.765, respectively. Moreover, the C-indexes of external validation were 0.740 and 0.759, accordingly. Based on a
retrospective cohort from the SEER database, we succeeded in constructing 2 nomograms to predict long-term OS and CSS for
OPSCC patients, which provides reference for surgeons to develop a treatment plan and individual prognostic evaluations.

Abbreviations: AJCC = American Joint Committee on Cancer, C-index = concordance index, CSS = cancer-specific survival,
NCCN=National Comprehensive Cancer Network, OPSCC= oropharyngeal squamous cell carcinoma, OS= overall survival, SEER
= surveillance, epidemiology and end results, TNM = tumor node metastasis.
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1. Introduction

Oropharyngeal squamous cell carcinoma (OPSCC) is the most
commonmalignant head and neck cancer[1] and it is mainly located
in the pharynx, tongue root, pharyngeal tonsil, and soft palate. The
annual incidence of oropharyngeal cancers is approximately
400,000 new OPSCC patients in the world, and the incidence of
OPSCC has increased sharply in developed countries and nearly
46,000 cases in the United States.[2–4] Currently, National
Comprehensive Cancer Network (NCCN) guidelines recommend
applying the American Joint Committee on Cancer (AJCC) Staging
Manual (7th edition) to evaluate the prognosis of OPSCC
patients.[5,6] However, the prognosis of OPSCC patients is
influenced by numerous factors, such as age, cigarette and alcohol
consumption, tumor site, TNM stage, radiation, and human
papilloma-virus (HPV).[1,7] Thus, the consideration of additional
relevant elements should provide a more accurate and credible
predictionofprognosis than theAJCCstaging system.Therefore,we
sought to establish a “nomogram” to identify additional relevant
factors including age, sex, tumor site, race, different origin, grade, T
stage, N stage, M stage, surgery, and radiotherapy to perform a
comprehensive analysis. To verify precision and credibility, many
researchers recommend using the split-sample method and
bootstrap to evaluate a given model.[8–11] Specifically speaking,
the nomogram is internally validated by bootstrap re-sampling and
externally validated by appraising model’s accuracy in split-sample
cohorts.[12] The size of the validation cohort (the split-ratio) depends
on the coherence and accuracy between the predicted and actual
outcomes rather than a fixed value.[13] The accuracy of the
nomograms is determined via C-indexes and calibration curves.
A nomogram is an accurate scoring and graphical instrument

that can convert the results of multivariate Cox regression into an
understandable linear graph.Nomograms arewidely used to assist
doctors in formulating a therapeutic regimen and have been shown
topredict the prognosis of several cancers, including adenoid cystic
carcinoma,[14] hepatocellular carcinoma,[15,16] gastric cancer,[17]

head and neck cancers,[18] nasopharyngeal cancer,[19] and breast
cancer.[20]Most importantly, the applicationof a nomogram in the
early detection of prostate cancers has been included in the NCCN
guidelines.[21] Additionally, it is worth noting that the American
JointCommittee onCancer EighthEditionCancer StagingManual
indicated that a future version will embrace nomograms and
individualized treatment strategies.[22] One previous study used a
nomogram to assess the prognosis and progression of OPSCC.[23]

However, this research didn’t take race, origin, pathological grade,
and surgery into account to predict the overall survival (OS) and
cancer-specific survival (CSS). In our research, we collected the
detailed OS and CSS information of the OPSCC patients.We used
theKaplan–Meierunivariate andCoxProportionalHazardModel
multivariate survival analysis to determine the final independent
risk clinicopathological parameters influencing the prognosis
(P< .05). Hence, we sought to establish an OPSCC nomograms
to predict long-term OS and CSS based on relevant clinicopatho-
logical parameters mentioned above by means of R software
R.3.2.4 (Lucent, New Jersey, USA), which should help doctors
develop rational and personalized treatments.
2. Methods

2.1. Patient clinical data collection

All 10,980 OPSCC patients from the years 2004 to 2012 were
included in this retrospective research, and the clinical data were
2

gathered from the SEER program of the National Cancer
Institute.[24] We collected and sorted the detailed clinicopatho-
logical parameters, including age, sex, tumor site, race, ethnic
origin, pathological grade, surgery or no surgery, radiation or no
radiation, T stage, N stage, and M stage (Table 1). The
pathological grade consists of Grade I, II, III, IV. Grade I, II, III,
IV represent well differentiated, moderately differentiated, poorly
differentiated and undifferentiated respectively. Based on the
split-sample method discussed in the Introduction, we randomly
split the 10,980 OPSCC patients into a modeling cohort and an
external validation cohort. The modeling cohort consisted of
9881 OPSCC patients to build a nomogram model. Another
1099 OPSCC patients were included in the external validation
cohort to verify the performance and credibility of nomogram
model. The study was approved by the Ethical Review
Committee of the Fourth Military Medical University.

2.2. Survival analysis

We concentrated on the indicators of OS and CSS to assess the
prognosis of modeling cohort. OS was defined from the date of
diagnosis to death from any reason or censored if patients were
alive at the last follow-up. CSS was calculated from diagnosis to
death due to OPSCC or censored if patients were alive or dead
because of other causes.
We conducted univariate survival analysis using aKaplan–Meier

and log-rank test. The variables that were statistically significant
were included into the multivariate Cox Proportional Hazards
analysis to confirm the independent prognostic factors from
indicators, such as age, sex, tumor site, race, ethnic origin,
pathological grade, surgery, radiation,T stage,Nstage, andMstage
(Tables 2 and 3). P< .05 was considered statistically significant.

2.3. Nomogram development

After conscientious survival analysis using SPSS 21.0 (IBM,
Armonk, USA) for Windows software or the rms package of R
version 3.2.4 software, we used the independent prognostic
indicators for establishing a nomogram.[11,25] The nomogram
transformed the clinicopathological data into visual graphics.

2.4. Nomogram validation

The nomogram was required to validate its accuracy through
internal and external validation conducted by 1000 times
bootstrapping and 10-fold cross-validation measures. The predict
reliability was examined in concordance indexes (C-index) and
calibration plot.[11] The C-index was used to appraise the
difference between predicted and actual situations.[11] The C-
index results were acquired through the “rcorrcens” command in
R software. Additionally, the calibration plot was composed of
two lines: one was a 45° diagonal line representing a reference line,
and the other line was the actual line. The distance between the 2
lines reflected the precision of the nomogram.The calibration plots
wereobtained through the“calibrate” command inR software.All
statistical analyseswere performed adopting a 2-sidedP value, and
P< .05 was considered to be statistically significant.
3. Results

3.1. Patient clinicopathological data

After applying a strict filter, 9881 and 1099 OPSCC patients
from SEER database were included in the modeling and
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validation cohorts respectively, using the popular and reasonable
random split-sample method (the split ratio was 9:1). In the
modeling cohort, the patients’ ages ranged from 15 to 98 years
(median, 57). Of these 9881OPSCC patients, 7936 (80.3%)were
men. In total, 8503 (86.1%) patients were white, and 9223
(93.3%) patients were non-Spanish-Hispanic-Latino. Of the
tumor locations, 7957 (80.5%) cases were primarily located on
the oropharynx and 1555 (15.7%) were found on the tongue
base. Additionally, 5085 (51.4%) were poorly defined or
undifferentiated. Of the studied cases, 5964 (60.4%) received
surgery and 8172 (82.7%) received radiotherapy. The propor-
tion of T1–T2 tumors was 68.6% (6778/9881). The N1–3 and
M1 tumors accounted for 75.4% and 2.9% of all cases,
respectively. The general data for the validation cohort are shown
in Table 1.
According to the SAS variable “sur_time_mon” from the SEER

database, we found that the median follow-up times for the
modeling and validation cohorts were 45 months (1–119
months) and 57 months (1–119 months). According to the
Table 1

Patients’ clinicopathological data.
Modeling group (n=9881) Validation group (n=1099)

Variables n % n %

Age
15–35 118 1.2 105 9.6
36–45 667 6.8 182 16.6
46–55 3182 32.2 478 43.5
56–65 3768 38.1 118 10.7
66–75 1569 15.9 104 9.5
76–85 482 4.9 78 7.1
85+ 95 0.9 34 3.0

Sex
Male 7939 80.3 825 75.1
Female 1942 19.7 274 24.9

Site
Oropharynx 7957 80.5 742 67.5
TR 1555 15.7 258 23.5
SP 256 2.6 87 7.9
PT 113 1.2 12 1.1

Race
White 8503 86.1 875 79.6
Black 971 9.8 142 12.9
Others 407 4.1 82 7.5

Origin
NSHL 9223 93.3 955 86.9
SHL 658 6.7 144 13.1

Grade
I 589 6.0 78 7.1
II 4207 42.6 479 43.6
III 4886 49.4 488 44.4
IV 199 2.0 54 4.9

Surgery
Performed 5964 60.4 692 63.0
None 3917 39.6 407 37.0

Radiation
Yes 8172 82.7 895 81.4
No 1709 17.3 204 18.6

T stage
T1 2929 29.6 325 29.6
T2 3849 39.0 354 32.2
T3 1034 10.5 158 14.4
T4 1808 20.9 257 23.8

N stage
N0 2434 24.6 231 21.0
N1 2163 21.9 254 23.1
N2 4828 48.9 553 50.3
N3 456 4.6 71 6.5

M stage
M0 9597 97.1 993 90.4
M1 284 2.9 106 9.6

Grade I: Well differentiated. II: Moderately differentiated. III: Poorly differentiated. IV: Undifferentiated.
Site: NSHL=Non-Spanish-Hispanic-Latino; PT=pharyngeal tonsil; SP= soft palate; TR= tongue
root. Others: American Indian/AK Native, Asian/Pacific Islander.
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SAS variables “STAT_REC,” “VSRTSADX,” and “ODTH-
CLASS” in SEER database, we obtained accurate information on
the outcomes for 10,980 OPSCC patients. A total, of 3084
(31.2%) patients in the modeling cohort were deceased at the last
follow-up date. Of those patients, 2188 (22.1%) patients died
due to OPSCC. Additionally, 896 (9.1%) patients died from
causes other than OPSCC.
3.2. Survival analysis and nomogram establishment

The result of the survival analysis with regard to OS and CSS is
shown in Tables 2 and 3. For the modeling cohort, the results of
the univariate Kaplan–Meier survival analysis revealed that age,
sex, race, pathological grade, surgery, radiation, T stage,N stage,
and M stage were relevant factors influencing OS (P< .05).
Multivariate Cox Proportional Hazards analysis showed that all
the above elements from the univariate analysis were indepen-
dent prognostic indicators (P< .05), which were shown in
Table 2.
Table 2

Univariate and multivariate analyses of OS in nomogram cohort.
Univariate analysis Multivariate analysis

Variables P value HR (95% CI) P value

Age <.001 <.001
15–35 0.145 (0.086–0.244) <.001
36–45 0.170 (0.126–0.229) <.001
46–55 0.207 (0.161–0.266) <.001
56–65 0.282 (0.220–0.361) <.001
66–75 0.393 (0.306–0.505) <.001
76–85 0.763 (0.586–0.994) .045
85+ Reference

Sex .001 .010
Male Reference
Female 1.121 (1.025–1.225) .012

Site .071
Oropharynx
TR
SP
PT

Race <.001 <.001
White Reference
Black 1.592 (1.443–1.755) <.001
Others 0.848 (0.699–1.030) .096

Origin .688
NSHL
SHL

Grade <.001 <.001
I 1.099 (0.823–1.470) .522
II 1.220 (0.942–1.581) .132
III 0.955 (0.737–1.238) .728
IV Reference

Surgery <.001 <.001
Performed Reference
None 1.742 (1.610–1.885) <.001

Radiation <.001 <.001
Yes Reference
No 1.858 (1.691–2.041) <.001

T stage <.001 <.001
T1 0.339 (0.303–0.379) <.001
T2 0.467 (0.427–0.510) <.001
T3 0.707 (0.632–0.790) <.001
T4 Reference

N stage <.001 <.001
N0 0.611 (0.521–0.717) <.001
N1 0.713 (0.608–0.835) <.001
N2 0.737 (0.636–0.853) <.001
N3 Reference

M stage <.001 <.001
M0 0.319 (0.277–0.367) <.001
M1 Reference

Grade I: Well differentiated. II: Moderately differentiated. III: Poorly differentiated. IV: Undifferentiated.
Site: NSHL=Non-Spanish-Hispanic-Latino; PT=pharyngeal tonsil; SP= soft palate; TR= tongue
root. Others: American Indian/AK Native, Asian/Pacific Islander.
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Figure 1. Nomogram predicting 5-year and 8-year OS. Others: American Indian/Alaska Native/Asian or Pacific Islander. Grade I: well differentiated. II: moderately
differentiated. III: poorly differentiated. IV: Undifferentiated.

Table 3

(continued).

Univariate analysis Multivariate analysis

Variables P value HR (95% CI) P value

Origin .608

Wang et al. Medicine (2020) 99:30 Medicine
Thus, these factors were included to construct a nomogram to
predict 5- and 8-year OS (Fig. 1). The prognosis survival analysis
of OS was conducted using SPSS 21.0 (IBM, Armonk, USA)
software for Windows.
The results identified that age, race, tumor site, pathological

grade, surgery, radiation, T stage, N stage, and M stage as
Table 3

Univariate and multivariate analyses of CSS in nomogram cohort.

Univariate analysis Multivariate analysis

Variables P value HR (95% CI) P value

Age <.001 <.001
15–35 0.228 (0.131–0.398) <.001
36–45 0.200 (0.141–0.285) <.001
46–55 0.238 (0.176–0.321) <.001
56–65 0.300 (0.224–0.403) <.001
66–75 0.367 (0.271–0.496) <.001
76–85 0.672 (0.488–0.926) .015
85+ Reference

Sex .08
Male
Female

Site <.001
Oropharynx 0.605 (0.527–0.694) <.001
PT 0.240 (0.034–1.718) .155
SP 0.466 (0.341–0.638) <.001
TR Reference

Race <.001 <.001
White Reference
Black 1.564 (1.395–1.753) <.001
Others 0.798 (0.628–1.014) .065

(continued )

NSHL
SHL

Grade <.001 <.001
I 1.274 (0.895–1.814) .179
II 1.364 (0.993–1.873) .055
III 1.034 (0.763–1.420) .836
IV Reference

Surgery <.001 <.001
Performed Reference
None 2.117 (1.900–2.359) <.001

Radiation <.001 <.001
Yes Reference
No 1.902 (1.699–2.129) <.001

T stage <.001 <.001
T1 0.273 (0.238–0.314) <.001
T2 0.397 (0.357–0.440) <.001
T3 0.641 (0.564–0.729) <.001
T4 Reference

N stage <.001 <.001
N0 0.518 (0.432–0.623) <.001
N1 0.662 (0.554–0.791) <.001
N2 0.683 (0.580–0.804) <.001
N3 Reference

M stage <.001 <.001
M0 0.277 (0.238–0.322) <.001
M1 Reference

CSS= cancer-specific survival.
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Figure 2. Nomogram predicting 5-year and 8-year CSS. Others: American Indian/Alaska Native/Asian or Pacific Islander. Grade I: well differentiated. II: moderately
differentiated. III: poorly differentiated. IV: undifferentiated. PT: pharyngeal tonsil. SP: soft palate. TR: tongue root.
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independent factors influencing CSS (Table 3). Furthermore,
these factors were used to establish another nomogram to
forecast the 5-year and 8-year CSS (Fig. 2).

3.3. Nomogram validation

The nomogram’s credibility are internally validated by 1000
times bootstrap re-sampling and externally validated by
evaluating model’s accuracy in split-sample cohort of 1099
patients. The concordance index (C-index) and calibration curves
were used to assess the precision of the nomograms. Because the
value of C-index was >0.7, the predicted OS and CSS were
consistent with the actual OS and CSS. Our results of internal
validation showed that the C-index values of OS and CSS were
0.742 and 0.765, respectively. External validation revealed that
the C-index of OS and CSS were 0.740 and 0.759, respectively.
Moreover, the internal and external calibrations were close to the
45° ideal straight line (Figs. 3 and 4).
4. Discussion

Due to the combined effects of clinicopathological factors, an
increasing number of patients have been diagnosed with
OPSCC.[26] Generally, surgery, radiation and chemotherapy are
familiar therapeutic methods for OPSCC, which would influence
the patients’ prognosis to a great extent.[27] Additionally, other
relevant factors including age, sex, smoking, TNM stages also
affected the prognosis of patients withOPSCC. In order to provide
individualized, patient-specific prediction of prognosis, we have
developed and validated two nomograms to forecast 5- and 8-year
OS and CSS of patients with OPSCC via popular random split-
sample method (split ratio=9:1), which was been applied
5

extensively.[28] Nomogram could integrate the clinical and
pathological factors together. Notably, the 8thHeadNeck Cancer
AJCC staging system showed that in the future version they would
incorporate the nomogram to evaluate the prognosis.
We calculated the estimated OS and CSS by means of Kaplan–

Meier method. After the Kaplan–Meier univariate and Cox
multivariate survival analysis, we obtained the independent
prognostic risk factors and established 2 nomograms. The
nomograms were well validated internally and externally. The
C-index of all nomograms were >0.7, and there was a good
consistency between the calibration curve and the 45° straight line,
showing a potential advantage than Shoultz-Henley model which
was short of validation.[29] There had quantitative axis for each
index, corresponding to the axises representing 5- and 8-year OS
and CSS (see Figs. 1 and 2). The more left the axis was, the higher
the survival rate was. We found that OS and CSS gradually
declinedafter the ageof 55.Therefore, the age groups of“15 to35”
and “36 to 45”were at the far left of the age axises, demonstrating
thebestOSandCSS respectively.Many studies have found that age
was a significant element influencing survival.[26,27,30,31] Another
study showed that patients <45 years old had the best CSS
compared with the age groups of “45 to 64” and “>65”,
conforming to our research.[26] Comparedwith white patients and
patients of other races, black patients have demonstrated relatively
lower survival, which is in agreement with the outcomes of the
current research.[32] As a mechanism, one study hypothesized that
melanin might contribute to tumorigenesis and cancer develop-
ment.[18] Notably, the patients with pathological grades III and IV
disease showed improved OS and lower cancer-specific death
compared with patients with grades I and II disease (Table 3).
Moreover, the results were also verified in the nomograms
constructed. This may be because that radiotherapy and surgery

http://www.md-journal.com


Figure 3. Internal validation via calibration curves for 5-year and 8-year OS (A, C) and 5-year and 8-year CSS (B, D). The 45° line embodys an perfect match
between the actual survival (y axis) and nomogram-predicted survival (x axis). The perpendicular line means 95% confidence intervals. CSS= cancer-specific
survival; OS=overall survival.

Wang et al. Medicine (2020) 99:30 Medicine
were used to treat the higher-grade patients primarily. T stage,
N stage were also the significant predictive factors influencing
the prognosis.[33,34]

The procedure of nomograms to predict the 5- and 8- year OS
and CSS was simple and feasible. We selected clinicopathological
factor sub-categories according to personalized conditions and
constructed a vertical line to the point axis. Then, we added all the
points acquired by each sub-category corresponding to the total
points axis. Finally, we plotted vertical lines from the total points
to the 5- and 8- year OS and CSS axis to obtain the predicted
value. This process was completed using the “rms” package of R
software.[35] Additionally, we conducted both internal and
external validation; the concordance indexes were all >0.7, and
they matched well with the 45° straight line (Figs. 3 and 4). The
nomogram was more accurate than TNM staging for predicting
the prognosis of OPSCC. As an example, compare the following
2 types of T4N0M0 patients: type 1, a 50-year-old white patient
with pathological grade III disease who received only surgery,
and type 2, a 60-year-old black patient with pathological grade II
disease underwent surgery and radiation. If we evaluate the
prognosis of those 2 types of patients according to AJCC TNM
classification,[6] the 2 patients all belonged to stage IV, having the
6

same outcome. Yet, the results were different using the
nomogram. The 5-year predicted OS for type 1 and type 2
patient was 76% and 30% accordingly. Therefore, we included
the independent prognostic factors into the model to construct
more credible nomograms to predict the OS and CSS.
Our research had obvious strengths. First, we collected detailed

and reliable information regardingOPSCCpatients from the SEER
database to guarantee the credibility of the results. The data came
from 18 SEER registries located in 18 different states, which was a
large-sample multi-center research. Secondly, our nomograms
have potential advantage over previously published models for
OPSCC. Shoultz-Henley et al[29] had established a nomogram,
but the model was neither internally nor externally validated. By
contrast, we validated the our nomogrammodels via C-index and
calibrations, showing a higher accurancy. Rios et al[33] also
constructed a nomogram, but our larger sample capacity and
longer follow-up period allowed us to develop a separate
nomograms about 5- and 8-year OS and CSS in patients with
OPSCC.Karadaghy et al[36] had developed predictionmodel using
machine learning for 5-year overall survival. However, the main
obstacles to the widespread application of this algorithm include
convenience, regulatory, and financial considerations.



Figure 4. External validation via calibration curves for 5-year and 8-year OS (A, C) and 5-year and 8-year CSS (B, D). The 45° line embodys an perfect match
between the actual survival (y axis) and nomogram-predicted survival (x axis). The perpendicular line means 95% confidence intervals. CSS= cancer-specific
survival; OS=overall survival.
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Our research had certain limitations. First, the SEER database
didn’t include other significant prognostic factors, such as
anemia,[33] chemoradiation,[37] and cigarette and alcohol con-
sumption status,[32] thrombocytosis.[29] Thus, our nomograms
lacked evaluation of the above elements. Also, we couldn’t assess
the disease-free survival, progression-free survival and loco-
regional control. Second, we couldn’t obtain the dose, cycle and
type of radiotherapy to compare the survival differences between
various radiationplans.Third,wecouldn’t acquire the life habits of
all the patients,whichmay influence the prognosis.Meanwhile, we
couldn’t gain the TNM staging information before the year 2004.
In conclusion, we have constructed 2 successful nomograms

forecasting 5- and 8- year OS and CSS via Cox regression. We
also obtained favorable C-indexes through internal and external
validation. These nomograms may provide surgeons with a
reference to develop treatment plans and conduct individual
prognostic evaluations, as the future will most certainly bring an
era of personalized therapy.
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