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Abstract

Objectives: To construct a simplified prognostic risk model to predict overall survival after adjuvant radiotherapy for parotid
gland carcinoma patients with stage T1-4aN[-3M0. Materials and Methods: We evaluated 879 patients who were pathological
diagnosed as stage T1-4aN1-3MO0 parotid gland cancer. Those eligible patients treated with parotidectomy and neck lymph node
dissection between 2004 and 2015 in the Surveillance Epidemiology and End Results database. All cases received adjuvant
radiotherapy. Independent prognostic factors included in the original model were identified by Cox regression analysis. The
primary endpoint was overall survival. The model’s prediction power was evaluated by the concordance index. The entire cohort
was categorized into new low- and high-risk groups using X-tile software according to the results of prognostic model.
Kaplan-Meier method was used to depict the survival curves. And the statistical significance was determined by log-rank test.
Besides, a heat map was visually described the association between the survival time and 2 most significant prognostic factors.
Results: In the univariable and multivariate analyses, 4 independent factors for overall survival were age, tumor size, pTNM stage,
and the number of positive lymph nodes, which were all selected in the parsimonious prognostic model. The concordance indices
of the prognostic model and pTNM stage were 0.652 and 0.565, respectively. Patients in the low-risk group had better overall
survival over patients in the high-risk group [unadjusted hazard ratio = 2.578, 95% confidence interval 2.095-3.172, P < 0.001].
The results of the heat map revealed that patients with smaller tumor size and fewer positive lymph nodes had much longer
survival time. Conclusions: This parsimonious prognostic model could estimate the long-term survival after adjuvant radio-
therapy for parotid gland carcinoma with stage T1-4aN1-3NOMO0. The tools may be valuable to guide multidisciplinary team in
making treatment decisions.
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Introduction

Salivary gland cancer accounts for 1%-5% of all head and neck
cancers,' and among which parotid gland carcinoma (PGC)
accounts for 70%, with 24 pathological subtypes.>™ Adenocarci-
noma, adenoid cystic carcinoma, and mucoepidermoid carcinoma
are the most common histological types in the salivary gland
carcinoma.” Surgery is the main treatment for PGC, and adjuvant
radiotherapy has been retrospectively reported to improve the
local control effect and survival rate.*® The prognosis of PGC
is complicated because of the pathological diversity and the rarity
of salivary adenocarcinoma that complicates the selection of
appropriate treatment strategies. According to previous reports,
5-year disease-free survival rates range from 69% to 93.6%'°
while the 5-year overall survival (OS) rates range from 76% to
94.6% for PGC."™"" Some prognostic factors of PGC have been
reported, including tumor-node-metastasis (TNM) stage, age at
diagnosis, molecular biomarkers, and extracapsular spread.”'*"
The TNM system provides a framework for evaluating treatment
outcomes and allowing prognostic evaluation of 0S.'® Previous
studies had confirmed lymph node metastasis was a poor prog-
nostic factor.”'* Therefore, National Comprehensive Cancer Net-
work guidelines recommend patients with lymph node metastasis
after parotidectomy should receive adjuvant radiotherapy.'® How-
ever, patients could have heterogeneous survival outcomes in the
same pathological stage diseases according to above studies.

Besides, the prognoses of patients with adjuvant radiotherapy
remain unclear. In practice, clinicians give follow-up recommen-
dations and adjuvant therapy based on prediction for patients’
prognoses. Therefore, it’s important to predict the prognoses of
those patients with adjuvant radiotherapy. Thus, we used patients’
data obtained from Surveillance Epidemiology and End Results
(SEER) database. This study aimed to obtain an appropriate tool
to improve predictive ability of long-term survival in PGC
patients with adjuvant radiotherapy.

Patients and Methods

Patients

The Clinical Research Ethics Committee of our institutional cen-
ter considered this study exempt because we used existing data
without patient identifiers. A total number of 879 patients who
underwent parotidectomy between 2004 and 2015 were enrolled
retrospectively in this study. Eligible cases for this cohort study
had pathologically confirmed stage T1-4aN1-3MO based on the
8th edition of the American Joint Committee on Cancer Staging
Manual. These patients were included in this study who met the
following conditions: (1) pathologically diagnosed as parotid
gland carcinoma; (2) 1 primary only; (3) surgical code was not
“0”; (4) age was over 18 years old; (5) complete follow-up. The
exclusion criteria of patients were shown in Figure 1.

(1) Surgical code was not “0”

cancer between 2004-2015
(3) One primary malignant tumor
(4) Age was over 18 years old
(5) Complete follow-up

Patients included in this study (SEER, N =11773)

(2) Pathologically diagnosed as parotid gland

| =8109)

A~ o~

| Patients excluded from this study (SEER, N :
|

I (1) Unclear pTNM stage, N =6450 I
i (2) Surgery was not performed, N =311 I
I (3) The number of regional lymph node }
dissection area was less than one, N =1183 |
(4) The number of lymph nodes dissected was :
zero, N =157 |

5) Dead within 1 month, N =7 :
6) Diagnosed as Sarcomatoid carcinoma, N =1 |
7) Stage TO, or T4b, NO, or M1, N =2537 }
8) Didn’t receive adjuvant radiotherapy, N=226 :
9) Unknown tumor size, N =22 l

Patients for main analysis (N=879)

Figure 1. The flow chart of the patient screening process in the surveillance epidemiology and end results database.
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Follow-Up

In the SEER database, the median follow-up time from
surgery to the last contact with patients was 34 months (range
2-154 months). The primary observed endpoint was overall
survival. Overall survival was the last follow-up time or death
time minus the parotidectomy time. The selection of overall
survival as a primary clinical endpoint was considered most
clinically relevant.

Statistical Analyses

Statistical analysis was performed using R 4.0.3 software
(https://www.r-project.org/), X-tile version 3.6.1 (http://www.
tissuearray.org/rimmlab), and SPSS Statistics 25.0 software
(IBM SPSS, Inc., Chicago, IL, USA). X-tile software was used
to determine the optimal cut-off value of positive lymph nodes,
examined lymph nodes, and model’ risk score.!” Previous stud-
ies have shown that X-tile software was similar to the
time-varying receiver operating characteristic curve analysis
and could provide the best cut-off value for continuous
data.'®'” Hazard ratios (HR) with 95% confidence interval
(CI) were calculated by univariable and multivariable Cox
proportional hazard regression analyses. Univariable and mul-
tivariable analyses were performed to identify independent
prognostic factors for overall survival. Variables with
P < 0.05 in univariable analysis or affecting prognosis (such
as race/ ethnicity, and pathological subtypes) were selected to
enter the multivariable analysis to further confirm the indepen-
dent prognostic factors. All cases were categorized into 2 new
risk subgroups (low-risk group and high-risk group) using
X-tile software based on model’s scores. Moreover, survival
curves between different groups were compared by
Kaplan-Meier analysis and the log-rank tests. It was considered
statistically significant when the results of all statistical tests
met a 2-sided P < 0.05.

The predictive ability of the simplified prognostic model
was evaluated by the concordance index. Previous studies
revealed that the value of concordance index was associated
with the predictive accuracy.'® The heat map was performed to
visualize the relations of 2 most significant independent factors
with survival time based on regression coefficient. We used the
gglot2 and rms packages of R 4.0.3 software to calculate the
concordance index and formulate the heat map.

Results

Patient Characteristics

The clinical characteristics of the patients from SEER database
are listed in Table 1. Among the 879 cases, 604 (68.7%) of
them were men and 275 (31.3%) were women. The patients’
age ranged between 18 and 104 years old (median, 64 years). In
this cohort, the 3-, 5- and 10-year overall survival rates were
55%, 46%, and 37%, respectively, with the median survival
time of 34 months. The cutoff value of examined lymph nodes

Table 1. Clinical Characteristic of Parotid Gland Cancer Patients With
Stage T1-3N1-3M0 From Surveillance Epidemiology and End Results
Database.

Variables All, N = 879 (%)
Sex
Male 604 (68.7%)
Female 275 (31.3%)
Age (years)
<65 479 (54.5%)
>65 400 (45.5%)

Median (interquartile range)
Marital status

64 (55-75)

No 306 (34.8%)
Yes 543 (61.8%)
Unknown 30 (3.4%)

Race/ ethnicity

White patients 747 (85.0%)

Black patients 61 (6.9%)
Other patients 66 (7.5%)
Unknown 5 (0.6%)
pT stage
T1 138 (15.7%)
T2 212 (24.1%)
T3 285 (30.4%)
T4a 291 (29.8%)
PN stage
N1 357 (40.6%)
N2 510 (58.0%)
N3 12 (1.4%)
pTNM stage
it 265 (30.1%)
IVA 602 (68.5%)
IVB 12 (1.4%)
Tumor grade
Grade 1 30 (3.4%)
Grade 11 143 (16.3%)
Grade 111 397 (45.2%)
Grade IV 182 (20.7%)
Unknown 127 (14.4%)

Pathological subtypes
Adenoid cystic carcinoma
Adenocarcinoma
Mucoepidermoid carcinoma
Squamous cell carcinoma
Myoepithelial carcinoma
Ductal carcinoma
Other subtypes

Tumor size (cm)

39 (4.4%)
229 (26.0%)
160 (18.2%)
224 (25.5%)

8 (0.9%)

70 (8.0%)

149 (17.0%)

0-2 211 (24.0%)

2.1-4 443 (50.4%)

>4.1 225 (25.6%)

Median (interquartile range) 3(2.14.1)
Chemotherapy

No 574 (65.3%)

Yes 305 (34.7%)
Examined lymph nodes

<17 390 (44.4%)

>17 489 (55.6%)

Median (interquartile range) 20 (7-36)
Positive lymph nodes

<7 684 (77.8%)

>7 195 (22.2%)

Median (interquartile range) 2 (1-7)
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Table 2. Univariable and Multivariable Cox Proportional Hazard Regression Analyses in Parotid Gland Cancer Patients.®

Univariable analysis

Multivariable analysis

HR 95% CI P-Value HR 95% CI P-Value

Sex

Male vs. female 0.743 0.600-0.920 0.007 0.802 0.642-1.003 0.053
Age (years)

<65 vs. >65 1.640 1.355-1.984 <0.001 1.529 1.249-1.871 <0.001
Positive lymph nodes

<7 vs.>7 2.398 1.951-2.948 <0.001 1.867 1.453-2.399 <0.001
Marital status 0.720

No 1 Reference

Yes 0.952 0.779-1.164 0.634

Unknown 0.805 0.457-1.420 0.454
Tumor size (cm) <0.001 <0.001

0-2 1 Reference 1 Reference

2.1-4 1.733 1.328-2.261 <0.001 1.615 1.234-2.113 <0.001

>4.1 2.637 1.978-3.517 <0.001 2.128 1.580-2.868 <0.001
pTNM stage

I vs. IVA/IVB 1.895 1.511-2.377 <0.001 1.287 1.001-1.655 0.049
Pathological subtypes 0.021 0.151

Adenoid cystic carcinoma 1 Reference 1 Reference

Adenocarcinoma 1.349 0.801-2.273 0.260 0.910 0.531-1.560 0.731

Mucoepidermoid carcinoma 0.892 0.515-1.544 0.682 0.686 0.388-1.215 0.196

Squamous cell carcinoma 1.442 0.855-2.432 0.170 1.002 0.576-1.744 0.994

Myoepithelial carcinoma 0.449 0.103-1.951 0.285 0.440 0.100-1.932 0.277

Ductal carcinoma 1.298 0.710-2.374 0.397 0.643 0.342-1.207 0.169

Other subtypes 1.470 0.858-2.520 0.161 0.792 0.450-1.393 0.418
Tumor grade <0.001 0.036

Grade | 1 Reference 1 Reference

Grade I 1.438 0.683-3.027 0.339 1.092 0.513-2.325 0.820

Grade III 2.523 1.245-5.114 0.010 1.524 0.738-3.146 0.254

Grade IV 2.672 1.301-5.490 0.007 1.881 0.896-3.951 0.095

Unknown 1.912 0.912-4.008 0.086 1.527 0.719-3.244 0.271
Race/ ethnicity 0.154 0.758

White patients 1 Reference 1 Reference

Black patients 0.790 0.531-1.175 0.354 1.039 0.693-1.557 0.854

Other patients 0.645 0.423-0.983 0.041 0.791 0.512-1.224 0.293
Chemotherapy

No vs. yes 1.273 1.045-1.549 0.016 0.996 0.803-1.235 0.969
Examined lymph nodes

<17 vs. >17 1.544 1.270-1.877 <0.001 0.996 0.840-1.324 0.646

2Cox regression’s method was Enter selection.
°The significance of boldface values is P-value <0.05.

and positive lymph nodes were 17 and 7, respectively. The
majority pathological subtypes were adenocarcinoma, squa-
mous cell carcinoma, mucoepidermoid carcinoma and ductal
carcinoma. The number of N1 diseases was the most (58.0%),
and most patients were white patients (85.0%).

Univariable and Multivariable Analyses

As shown in the Table 2, univariable and multivariable analy-
ses identified the 4 variables as independent prognostic factors
for parotid gland carcinoma patients with stage T1-4aN1-3MO:
age >65 (adjusted HR = 1.529, P < 0.001), positive lymph
nodes >7 (adjusted HR = 1.867, P < 0.001), pTNM stage
(adjusted HR = 1.287, P = 0.049), and tumor size (>4.1 cm:
adjusted HR = 2.128, 2.1-4.0 cm: adjusted HR = 1.615, all
P <0.001).

The Construction of Heat Map and Prognostic Model

A parsimonious prognostic model was generated by Cox
regression after categorization of the numeric variables (age,
tumor size, and positive lymph nodes). Four prognostic fac-
tors were included the original model (Table 2). According to
the regression coefficient, we assigned values to the above
variables. A score of 1 point was assigned to the factor with
the smallest hazard ratio at Cox regression (pTNM stage), and
proportionally weighting the other 3 variables: tumor size,
positive lymph nodes, and age. Every patient got a total prog-
nostic score (range 0-8) by summing the points of above 4
factors. A heat map was provided to visually observe the
relation between prognostic factors of the largest regression
coefficient (tumor size and positive lymph nodes) and sur-
vival time (Figure 2). The concordance index of the model
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Figure 2. A heat map for positive lymph nodes (x-axis) and tumor size (y-axis) corresponding to survival time. Deep blue regions show

relatively poorer survival outcomes than light blue regions.

for predicting overall survival was 0.652 (95% CI
0.651-0.653). To confirm the advantage of this model, we also
calculated the concordance index (0.565, 95% CI 0.564-0.566)
of pTNM stage. Besides, the results revealed that prognostic
model had a better stratified effect than pTNM stage alone
(Figure 3). We used X-tile to determine the optimal cutoff value
of prognostic score based on the model as 3.5 points. The entire
cohort were classified into 2 new risk groups, low-risk group
(prognostic score < 3.5, n = 388) and high-risk group (prognos-
tic score >3.5, n = 491).

Patients in the high-risk subgroup had a significantly lower
overall survival over the low-risk subgroup (unadjusted
HR = 2.578, 95% CI, 2.095-3.172, Log-rank test:
P < 0.001, Figure 3B). Our results revealed that the 3-year,
5-year and 10-year overall survival in the low-risk subgroup
vs. that in the high-risk subgroup was 71% vs. 41%, 62% vs.
32% and 58% vs. 20%, respectively (Figure 3B, Log rank
P <0.001).

Sub-Group Analysis for OS

To further explore the effect of prognostic model on cohort
with different variables, univariable analysis was used to
estimate the correlations between prognostic model and
overall survival. Our results revealed that unadjusted HR
exceeded 1 or, in other words, model’s score could be a
risk indictor among population of different variables except
cohort with grade I, adenoid cystic carcinoma, and other
races (Figure 4).

Discussion

In the present study, the data of SEER was analyzed by uni-
variable and multivariable Cox regression, and then the prog-
nostic model was constructed. Age, positive lymph nodes,
pTNM stage and tumor size were considered as independent
prognostic factors for those patients with PGC. Furthermore,
new risk subgroups based on model’s score were also identified
to have a good distinction efficiency. We also found that prog-
nostic model had a better stratified effect than pTNM stage
alone. Therefore, this model was considered to have certain
clinical utility. The relative data for the prognostic model could
be easily obtained from patients’ medical record, which makes
it rather practical to validate our results by multi-institution
study and to be applied in clinical work.

Previous studies had constructed prognostic score based on
proportional Cox regression analysis.?>*! In this study, we
used same method to construct a prognostic model. Poorten
et al retrospectively analyzed the medical data of 168 patients
with PGC by multivariable Cox regression, and suggested that
prognostic score was a useful tool to estimate recurrence-free
survival for PGC patients with stage T1-4N0-3M0.?° Thanks to
their team’s effort, they validated the utility of prognostic
indices in another 231 patients.?' In the present study, our
observed endpoint was overall survival, and the selection of
stage was different from above studies. Because eligible cases
in this study all belonged to metastasis disease of lymph nodes,
those patients needed to receive adjuvant radiotherapy accord-
ing to the guidelines.'® Besides, present study aimed to evalu-
ate and predict the prognoses in the PGC patients who received
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Figure 3. Kaplan-Meier survival curves for overall survival according to the status of pTNM stage (A) and the prognostic model (B).

Variables N P value HR (95% CI)
gll 879 <0.001 ——— 2,578 (2.095-3.172)
ex
Male 604 <0.001 —— 2511 (1.969-3.203)
Female 275 <0.001 2702 (1.817-4.017)
Agse
<6 479 <0.001 — 2.460 (1.861-3.250)
>65 400 <0.001 2.521(1.636-3.885)
pTNM stage
I 265 <0.001 3.579 (2.392-5.355)
1\ 624 <0.001 — 1.943 (1.515-2.491)
Tumor grade
Grade | 30 0513 o 1.613 (0.385-6.753)
Grade Il 143 <0.001 3.158 (1.789-5.574)
Grade lll 397 <0.001 — 2.229 (1.628-3.051)
Grade IV 182 <0.001 —— 2.379 (1.555-3.640)
Unknown 127 <0.001 = 2923 (1.691-5.054)
Chemotherapy
No 574 <0.001 — 2.604 (2.013-3.368)
Yes 305 <0.001 _— 2.449 (1.722-3.483)
Pathological types
Adenoid cystic carcinoma 39 0.166 = 2.109 (0.734-6.058)
Adenocarcinoma 229 <0.001 —s 2.195(1.509-3.191)
Mucoepidermoid carcinoma 160 <0.001 r - 1 3.759 (2.208-6.399)
Squamous cell carcinoma 224 <0001 o 2835(1.818-4422)
Ductal carcinoma 70 0.047 2.479(1.013-6.067)
Other subtypes 149 0.003 2.100 (1.285-3.431)
Race/ ethnicity
White patients 747 <0.001 — 2.465(1.971-3.082)
Black patients 61 0.001 3.739 (1.671-8.369)
Other patients 66 0058 : — = ; : . . . 2.233(0.973-5.124)
The estimates

Figure 4. Univariable analyses of prognostic factors for overall survival in the cohort.

standard treatment. Therefore, there were some differences
between the present study and Poorten’s study. In our study,
the sample size was much larger than the above studies. More-
over, the simplified prognostic model provided an acceptable
stratified effect on overall survival for PGC patients.
Histological subtypes might significantly affect the prog-
noses based on findings of other study.”? Thus, we selected
histological subtypes to enter into the multivariable analysis,
though the P value was not smaller than 0.05. In the sub-group
analysis, the prognostic model couldn’t have good performance
in the adenoid cystic carcinoma and myoepithelial carcinoma,
as the sample size was small. In the present study, the results
revealed that chemotherapy couldn’t provide survival

advantages for PGS patients with stage T1-4aN1-3M0. In fact,
Kordzinska-Cisek et al had similar findings.?* Regretably, due
to the lack of detailed information about chemotherapy in the
SEER database, we couldn’t make further analysis. We hope
that we can use the detailed data of our cancer center to further
analyze the effect of adjuvant chemotherapy on prognoses in
the next study.

There are some limitations in present study. First, the sam-
ple size of PGC patients was relatively small, and the propor-
tion of each TNM stage disease was not consistent. To address
this issue, the sample size would need to be expanded in next
studies. Second, the data information limited in the SEER data-
base only, which might impact the accuracy of this prognostic
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model, so a multicenter study was necessary to confirm our
results. Third, these findings could only provide certain refer-
ence information to the clinicians. Clinicians only used this
prognostic model to evaluate the survival outcomes for PGC
patients. Doctors would need to make decisions on the patients’
treatment according to the relevant guidelines and clinical
experience. Fourth, data of molecular diagnoses and some
pathology (such as programed death 1, programed cell
death-ligand 1, vascular lymphatic invasion, and status of sur-
gical margin) was absent, which might be effective prognostic
factors contributing to a more accurate predictive effect. Thus,
substantial research about the molecular level and pathological
status is still needed.

Conclusions

In conclusion, this parsimonious prognostic model could
estimate the long-term survival after adjuvant radiotherapy for
parotid gland carcinoma with stage T1-4aN1-3NOMO. The
tools may be valuable to guide multidisciplinary team in
making treatment decisions.
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