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This study aimed to develop and validate a nomogram using clinical variables to guide personalized 
treatment strategies for adenoid cystic carcinoma of the head and neck (ACCHN). Data from 1069 
patients with ACCHN diagnosed between 2004 and 2015 in the Surveillance, Epidemiology, and End 
Results (SEER) database were used to construct the nomogram. External validation was performed 
using an independent cohort of 70 patients from Fujian Cancer Hospital. Multivariate Cox regression 
analysis was conducted using IBM SPSS version 26.0 and R Software version 4.2.3. The concordance 
index (C-index) and receiver operating characteristic (ROC) curves were used to assess the predictive 
accuracy of the nomogram. Age, tumor site, surgery, N stage, M stage, and TNM stage were identified 
as independent prognostic factors through univariate and multivariate Cox analyses. The nomogram 
demonstrated superior predictive performance compared to the TNM staging system, effectively 
stratifying patients into high-risk and low-risk groups. This nomogram offers a valuable tool for 
predicting overall survival in patients with ACCHN and tailoring individualized treatment approaches.
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Adenoid cystic carcinoma (ACC) is a relatively rare tumor in head and neck cancers1. Adenoid cystic carcinoma 
of the head and neck (ACCHN) primarily affects the salivary glands, including the parotid, submandibular, and 
sublingual glands, though it may originate from other regions such as the sinuses, nasopharynx, and lacrimal 
glands2. Characterized by perineural invasion (PNI), local recurrence, and distant metastases, regional lymph 
node involvement in ACCHN is uncommon3,4. This malignancy can occur in patients of all ages and is more 
frequently diagnosed in women (59%), with a median age of 57.4 years at diagnosis5,6. The standard treatment 
involves surgical excision with negative margins, frequently followed by radiation therapy2.

ACCHN is an indolent yet highly aggressive malignancy with slow growth and a prolonged clinical course. 
While 5-year survival rates are generally favorable, ranging from 64% to 91.7%6–11, the long-term prognosis 
remains poor, with 10-year survival rates between 37 and 64%11–14. Despite its unpredictable clinical behavior 
and challenges in prognosis, some patients may live for several years even after recurrence15, making long-term 
monitoring particularly difficult. Traditionally, the American Joint Committee on Cancer (AJCC) staging system 
has been employed to assess prognosis and guide treatment decisions. However, the AJCC system may be too 
simplistic to account for the complexity of prognostic risks in patients with ACCHN16.

Various factors influence patient outcomes, including the tumor’s primary site, size, lymph node involvement, 
distant metastasis, TNM stage, histopathological grading, surgical margins, and PNI6,17,18. A study conducted 
at a Canadian Center demonstrated that younger patients with ACCHN who had negative lymph node status, 
had undergone surgical treatment, and had achieved negative surgical margins experienced improved overall 
survival (OS)19. Similarly, a 2016 study found that patients with tumors in the sublingual glands or those in stage 
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IV had poorer survival outcomes20. Despite these studies, few studies have focused on creating a prognostic 
nomogram for patients with ACCHN.

Therefore, this research developed and validated a predictive model to estimate long-term survival in 
patients with ACCHN using data from the Surveillance, Epidemiology, and End Results (SEER) database and a 
retrospective cohort from Fujian Cancer Hospital. This model aimed to accurately identify high-risk individuals, 
thereby assisting clinicians in making more informed, personalized treatment decisions.

Method
Population selection
This retrospective study analyzed data from the SEER database using SEER*Stat software (version 8.4.0.1). 
The SEER database contains extensive records on patients with cancer from various regions across the United 
States21. A total of 1069 patients diagnosed with ACCHN between 2004 and 2015 were selected. The variables 
included age, gender, race, marital status, tumor site, AJCC seventh edition staging, TNM stage, treatment 
modalities (surgery, radiation, chemotherapy), lymph node dissection, survival duration, and status. Inclusion 
criteria were: (1) histologically confirmed ACCHN, (2) staging based on AJCC seventh edition, and (3) complete 
follow-up data. Tumor sites were categorized into six groups based on the International Classification of Diseases 
for Oncology, Third Edition (ICD-O-3) site codes: (a) salivary gland; (b) pharynx and larynx; (c) gum and other 
mouth; (d) tongue; (e) oral cavity, including lip, floor of mouth, tonsil; and (f) nose, nasal cavity, and middle 
ear. Exclusion criteria included (a) incomplete clinical data, (b) unknown survival time, and (c) incomplete 
AJCC seventh edition staging. SEER is publicly accessible; therefore, Institutional Review Board approval was 
not required.

For external validation, 70 patients with ACCHN treated at Fujian Cancer Hospital between 2006 and 2019 
were included, following identical criteria. Two oncologists re-staged these cases according to AJCC’s seventh 
edition. The study adhered to the Helsinki Declaration principles and was approved by the Institutional Review 
Board of Fujian Cancer Hospital.

Identification of prognostic factors
The Cox proportional hazards model was employed to determine the predictive power of each variable for OS 
to eliminate potential confounding variables. First, the Schoenfeld residual test verified the proportional hazard 
(PH) assumption. Univariate Cox analysis and Kaplan–Meier curves were utilized to identify prognostic factors. 
Variables with statistical significance (P < 0.05) in the univariate analysis were further analyzed in a multivariate 
Cox proportional hazards model to identify independent predictors of survival. The hazard ratios (HR) and 95% 
confidence intervals (CI) were recorded, and nonsignificant factors (P > 0.05) were excluded unless they held 
clinical significance.

Construction of the prognostic model and subgroup analysis
Independent variables were incorporated into the development of a prognostic model. A nomogram was 
constructed using the ‘rms’ package in R, designed to predict 5-, 7-, and 9-year OS rates in patients with ACCHN. 
The model’s accuracy and predictive consistency were evaluated using the concordance index (C-index) and 
receiver operating characteristic (ROC) curves. A higher C-index value indicated greater predictive accuracy. 
Moreover, decision curve analysis (DCA) was performed to evaluate the clinical utility of the nomogram in 
comparison to the seventh edition TNM staging system. Finally, patients were stratified into high-risk and low-
risk subgroups based on the median risk score. Using the log-rank test, Kaplan–Meier survival curves were used 
to compare outcomes across validation and training cohorts.

Statistical analysis
The OS was measured as the time from ACCHN diagnosis to death or the last follow-up. Patients from our 
hospital were followed until October 2022. Statistical analyses were performed using Statistical Package for the 
Social Sciences (SPSS) statistical software (version 26.0, International Business Machines Corporation, New 
York, USA) and R Software version 4.2.3. Statistical significance was defined using a two-sided P-value of 0.05.

Results
Patient and disease characteristics
The SEER*Stat software identified 3671 patients diagnosed with ACC between 2004 and 2015. Of these, 2602 
patients were excluded: 1214 cases were not diagnosed in the head and neck region, 1353 had incomplete AJCC 
seventh edition staging, and 35 lacked data on age, race, survival time, pathological diagnosis, or were identified 
via autopsy or death certificate. Finally, 1069 patients with ACCHN were included in the training cohort (Fig. 
S1).

In this training cohort, the median follow-up duration was 64  months, and the median patient age was 
59  years (range: 11-94). Female patients accounted for 57.5% (615), while male patients comprised 42.5% 
(454). Half of the patients were younger than 60 years. The most frequently affected site was the salivary glands 
(51.1%), followed by the gum and other mouth (17.4%), nose, nasal cavity, and middle ear (14.8%), tongue 
(6.6%), pharynx and larynx (5.4%), and oral cavity (4.7%). According to the AJCC seventh edition staging, 
the distribution across stages I, II, III, and IV was 25.2%, 21.0%, 16.6%, and 37.3%, respectively. A total of 906 
patients (84.8%) had no lymph node metastasis, while 7.7% (82) presented with distant metastases. Surgical 
treatment, radiotherapy, and chemotherapy were administered to 937 (87.7%), 765 (71.6%), and 159 (14.9%) 
patients, respectively. Detailed clinical characteristics are summarized in Table 1. Survival analysis revealed that 
the OS rates for patients with ACCHN at 5, 7, and 9 years were 71.7%, 62.0%, and 55.0%, respectively (Fig. 
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Characteristics Training cohort

Gender

 Female 615(57.5%)

 Male 454(42.5%)

Age

  < 60 534 (50.0%)

  ≥ 60 535 (50.0%)

Race

 White 845 (79.0%)

 Other 224 (21.0%)

Marital status

 Married 484 (45.3%)

 Single/Unknown 585 (54.7%)

Site

 Salivary Gland 546 (51.1%)

 Pharynx and Larynx 58 (5.4%)

 Gum and Other Mouth 186 (17.4%)

 Tongue 71 (6.6%)

 Oral cavity 50 (4.7%)

 Nose, Nasal Cavity and Middle Ear 158 (14.8%)

Surgery

 No 132 (12.3%)

 Yes 937 (87.7%)

Radiation

 No/Unknown 304 (28.4%)

 Yes 765 (71.6%)

Chemotherapy

 No/Unknown 910 (85.1%)

 Yes 159 (14.9%)

T stage

 T1 286 (26.8%)

 T2 261 (24.4%)

 T3 196 (18.3%)

 T4 326 (30.5%)

N stage

 N0 906 (84.8%)

 N1 89 (8.3%)

 N2-N3 74 (6.9%)

M stage

 M0 987 (92.3%)

 M1 82 (7.7%)

TNM stage

 I 269 (25.2%)

 II 224 (21.0%)

 III 177 (16.6%)

 IV 399 (37.3%)

Lymph Node dissection

 No 628 (58.7%)

 Yes 441 (41.3%)

Therapy

 Surgery + Radiotherapy 684 (64.0%)

 Surgery + Chemotherapy 107 (10.0%)

 Radiotherapy + Chemotherapy 137 (12.8%)

 Others 141 (13.2%)

Survival status

 Live 684 (64.0%)

 Dead 385 (36.0%)
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S2A). Kaplan–Meier analysis demonstrated that better OS outcomes were associated with patients younger than 
60 years, those with tumors in the gum and other mouth region, T1-2 tumor classification, negative lymph node 
metastasis, absence of distant metastasis, early-stage TNM classification, and those who underwent surgery 
without receiving chemotherapy (Fig. S3).

The validation cohort included 70 individuals with ACCHN from Fujian Cancer Hospital, with a median 
follow-up of 86 months. The median age in this cohort was 49 (range: 22-81). The most common tumor sites 
were the salivary glands (54.3%), followed by the nose, nasal cavity, and middle ear (17.1%), gum and other 
mouth (11.4%), pharynx and larynx (10%), tongue (4.3%), and oral cavity (2.9%). Table S1 outlines the clinical 
features of the validation cohort. Survival analysis indicated this cohort’s 5-, 7-, and 9-year OS rates as 82.3%, 
67.3%, and 50.1%, respectively (Fig. S2B).

Screening for predictive factors
Several parameters, including age, gender, marital status, race, tumor site, treatment modality (surgery, radiation, 
chemotherapy), T stage, N stage, M stage, TNM stage, and lymph node dissection, were assessed to identify 
potential prognostic factors. A total of 13 variables were analyzed, all satisfying the PH assumption based on 
the Schoenfeld residual test (Fig. S4). The Cox proportional hazards model was applied to the training cohort 
to eliminate confounding variables, enabling evaluation of each factor’s predictive power for OS. Among the 
assessed variables, several factors emerged as significant risk indicators for long-term outcomes in individuals 
with ACCHN. Univariate analysis revealed that age (HR 2.084, 95% CI 1.692-2.569), tumor site (pharynx and 
larynx vs. salivary gland: HR 1.579, 95% CI 1.031-2.420; gum and other mouth vs. salivary gland: HR 0.866, 
95% CI 0.639-1.174; tongue vs. salivary gland: HR 1.195, 95% CI 0.797-1.791; oral cavity vs. salivary gland: HR 
1.619, 95% CI 1.049-2.500; nose, nasal cavity and middle ear vs. salivary gland: HR 1.754, 95% CI 1.344-2.289), 
surgery (yes vs. no: HR 0.259, 95% CI 0.205-0.327), chemotherapy (yes vs. no: HR 2.098, 95% CI 1.648-2.672), 
T stage (T2 vs. T1: HR 1.939, 95% CI 1.351-2.783; T3 vs. T1: HR 3.548, 95% CI 2.495-5.046; T4 vs. T1: HR 
4.379, 95% CI 3.178-6.033), N stage (N1 vs. N0: HR 1.720, 95% CI 1.235-2.395; N2-N3 vs. N0: HR 4.589, 95% 
CI 3.444-6.115), M stage (M1 vs. M0: HR 4.679, 95% CI 3.584-6.109), and the overall TNM stage (II vs. I: HR 
1.784, 95% CI 1.198-2.659; III vs. I: HR 2.441, 95% CI 1.635-3.643; IV vs. I: HR 5.532, 95% CI 3.978-7.695) 
significantly influenced the OS (Table 2). In the multivariate analysis, independent clinical predictors for OS 
included age (HR 2.330, 95% CI 1.874-2.896), tumor site (pharynx and larynx vs. salivary gland: HR 1.094, 
95% CI 0.679-1.716; gum and other mouth vs. salivary gland: HR 0.839, 95% CI 0.609-1.155; tongue vs. salivary 
gland: HR 0.607, 95% CI 0.399-0.923; oral cavity vs. salivary gland: HR 1.616 95% CI 1.036-2.521; nose, nasal 
cavity, and middle ear vs. salivary gland: HR 1.349, 95% CI 1.011-1.800), surgery (yes vs. no: HR 0.370, 95% CI 
0.282-0.484), N stage (N1 vs. N0: HR 1.315, 95% CI 0.911-1.899; N2-N3 vs. N0: HR 2.312, 95% CI 1.613-3.314), 
M stage (M1 vs. M0: HR 1.721, 95% CI 1.240-2.389), and TNM stage (II vs. I: HR 2.277, 95% CI 0.809-6.411; III 
vs. I: HR 1.395, 95% CI 0.558-3.491; IV vs. I: HR 3.341, 95% CI 1.299-8.592) (Table 2).

Nomogram construction and validation
Independent prognostic factors (including age, tumor site, surgery, N stage, M stage, and TNM stage) were 
incorporated into the nomogram (Fig.  1). The area under the curve (AUC) values for the primary cohort 
demonstrated the model’s predictive accuracy, which were 0.80, 0.80, and 0.82 for 5-, 7-, and 9-year OS predictions, 
respectively (Fig. 2A). Similarly, for the validation cohort, AUCs were 0.73, 0.84, and 0.83, respectively (Fig. 2B). 
The C-index values, 0.769 (95% CI [0.745-0.793]) for the training cohort and 0.741 (95% CI [0.649-0.833]) for 
the validation cohort, further confirmed the nomogram’s robust discriminatory power. The DCA demonstrated 
that the nomogram consistently outperformed the AJCC stage model across all groups, providing a higher net 
clinical benefit in predicting 5-, 7-, and 9-year OS rates (Fig. 3). Therefore, the nomogram was a valuable tool for 
generating clinically relevant predictions.

Risk classification
The study employed a nomogram to calculate risk scores for every patient, followed by risk stratification. 
Participants were categorized into two groups based on median risk scores: low risk (scores ≤ 100) and high risk 
(scores > 100). Kaplan–Meier survival curves effectively differentiated between the two groups, with the high-
risk group showing significantly poorer survival outcomes. The survival curves displayed a clear distinction in 
survival probabilities between high- and low-risk groups in the primary and validation cohorts (P < 0.0001), 
underscoring the nomogram’s capability in stratifying patients by risk level (Fig. 4).

The subgroup analysis demonstrated substantial differences between the high- and low-risk groups. All 
subgroups, except for unoperated, stage II, and oral cavity subgroups, showed improved OS in low-risk patients 
compared to high-risk patients (Fig. 5). However, some subgroups, such as patients with metastases and N2-N3 
stages, could not be thoroughly analyzed due to insufficient data in the low-risk group.

Discussion
This retrospective study developed and validated a novel nomogram incorporating various clinical risk factors 
to provide individualized predictions for individuals with ACCHN. Stratifying patients into low- and high-risk 
groups significantly improved the prediction of OS. The nomogram outperformed the traditional TNM staging 

Table 1.  Baseline clinical characteristics and treatment history of patients in the training cohort.
 

Scientific Reports |        (2024) 14:26406 4| https://doi.org/10.1038/s41598-024-77322-9

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


system in prognostic accuracy. This strategy may offer valuable clinical utility, guiding therapeutic decisions and 
individualized follow-up strategies for patients with ACCHN.

The ACCHN is recognized as a malignant neoplasm marked by aggressive growth, infiltration into 
surrounding tissues, PNI, and frequent local recurrences22. Moreover, distant metastasis significantly worsens 

Characteristics

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Gender

 Female 1.000

 Male 1.145 (0.937-1.400) 0.185

Age

  < 60 1.000 1.000

  ≥ 60 2.084 (1.692-2.569)  < 0.001 2.330 (1.874-2.896)  < 0.001

Race

 White 1.000

 Other 1.051 (0.822-1.343) 0.693

Marital status

 Married 1.000

 Single/Unknown 0.831 (0.681-1.015) 0.070

Site

 Salivary Gland 1.000 1.000

 Pharynx and Larynx 1.579 (1.031-2.420) 0.036 1.094 (0.697-1.716) 0.697

 Gum and Other Mouth 0.866 (0.639-1.174) 0.354 0.839 (0.609-1.155) 0.281

 Tongue 1.195 (0.797-1.791) 0.389 0.607 (0.399-0.923) 0.020

 Oral cavity 1.619 (1.049-2.500) 0.030 1.616 (1.036-2.521) 0.034

 Nose, Nasal Cavity and 
Middle Ear 1.754 (1.344-2.289)  < 0.001 1.349 (1.011-1.800) 0.042

Surgery

 No 1.000 1.000

 Yes 0.259 (0.205-0.327)  < 0.001 0.370 (0.282-0.484)  < 0.001

Radiation

 No/Unknown 1.000

 Yes 0.911 (0.733-1.133) 0.402

Chemotherapy

 No/Unknown 1.000 1.000

 Yes 2.098 (1.648-2.672)  < 0.001 1.191 (0.91-1.557) 0.203

T stage

 T1 1.000 1.000

 T2 1.939 (1.351-2.783)  < 0.001 0.844 (0.325-2.190) 0.728

 T3 3.548 (2.495-5.046)  < 0.001 1.865 (0.788-4.412) 0.156

 T4 4.379 (3.178-6.033)  < 0.001 1.066 (0.440-2.579) 0.888

N stage

 N0 1.000 1.000

 N1 1.720 (1.235-2.395) 0.001 1.315 (0.911-1.899) 0.144

 N2-N3 4.589 (3.444-6.115)  < 0.001 2.312 (1.613-3.314)  < 0.001

M stage

 M0 1.000 1.000

 M1 4.679 (3.584-6.109)  < 0.001 1.721 (1.240-2.389) 0.001

TNM stage

 I 1.000 1.000

 II 1.784 (1.198-2.659) 0.004 2.277 (0.809-6.411) 0.119

 III 2.441 (1.635-3.643)  < 0.001 1.395 (0.558-3.491) 0.477

 IV 5.532 (3.978-7.695)  < 0.001 3.341 (1.299-8.592) 0.012

Lymph Node dissection

 No 1.000

 Yes 0.956 (0.780-1.173) 0.669

Table 2.  Univariable and multivariable Cox regression analyses of overall survival in the training cohort.
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the prognosis10. Accurately predicting clinical outcomes and survival in patients with ACC is crucial, which led 
to developing a prognostic model for those with ACCHN. A strong correlation is highlighted between tumor 
location and patient prognosis14,23. Those ACCs originating in the sinus cavity are associated with worse survival 
rates than those arising from the oral cavity or salivary glands24,25. Specifically, tumors in the minor salivary 
glands tend to have poorer outcomes than those in the major glands26, whereas ACC of the palate generally has 
a relatively favorable prognosis11,26. Consistent with previous findings, our study’s Kaplan–Meier survival curves 
indicated superior OS for ACCs in the gum and the palate. These observations were further confirmed through 
multivariate analysis.

Lymph node involvement has also been identified as a significant independent prognostic factor, as Ian Ganly 
et al. demonstrated23. Elective neck dissection did not improve survival outcomes27. Our study revealed that 
patients with ACC and lymph node metastases had considerably worse survival rates. Moreover, lower disease 
stages at presentation were associated with higher OS. In an earlier work by Ellington et al., the 5-, 10-, and 15-
year survival rates across all stages were 90.34%, 79.88%, and 69.22%, respectively6. These findings underscore 
the importance of stringent screening and early detection to improve the prognosis of patients with ACCHN.

The primary approach to treating ACC is comprehensive surgical resection. However, the high risk of PNI, 
challenges in achieving negative margins, and elevated risks of recurrence and metastasis make achieving optimal 
outcomes difficult. Given these factors, the American Society of Clinical Oncology guidelines recommend 
postoperative radiotherapy (PORT) as a critical component of treatment for ACC28. The role of radiotherapy in 
improving OS remains controversial, although patients who receive it have greater odds of achieving favorable 
outcomes. A Danish study on head and neck cancers found no significant improvement in OS with PORT based 

Fig. 1.  Nomograms for predicting 5-, 7-, and 9-year OS probabilities in patients with ACCHN assign a point 
score based on six key predictors. The total points accumulated by a patient are plotted on the “Total Points” 
axis to estimate the corresponding OS probabilities. The "linear predictor (lp)" reflects the relative weight 
of each variable, mapped to a corresponding line. The possibility of 5-, 7-, and 9-year OS is determined by 
drawing a line downward from the total points. ACCHN, adenoid cystic carcinoma of the head and neck; OS, 
overall survival.
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Fig. 3.  DCA curves for the nomogram and AJCC stage model in predicting the prognosis of patients with 
ACCHN at (A) 5-year, (B) 7-year, and (C) 9-year points in the training cohort, and (D) 5-year, (E) 7-year, and 
(F) 9-year points in the validation cohort. The x-axis shows threshold probabilities, while the y-axis represents 
net benefits, calculated by adding true positives and subtracting false positives. DCA, decision curve analysis; 
ACCHN, adenoid cystic carcinoma of the head and neck; AJCC, American Joint Committee on Cancer.

 

Fig. 2.  ROC curves of the nomogram in predicting the prognosis at (A) 5-year, 7-year, and 9-year points 
in the training set, and (B) 5-year, 7-year, and 9-year points in the validation set. ROC, receiver operating 
characteristic curve; AUC, the area under the ROC curve.
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on multivariate analysis29. Similarly, other studies suggest that outcomes in patients treated with surgery and 
adjuvant radiotherapy are comparable to those treated with surgery alone13. Although some research indicates 
that adding PORT to radical surgical resection enhances local tumor control, the benefit of PORT in extending 
OS in ACCHN remains inconclusive8,30. This uncertainty may be attributed to the invasive nature of ACC, its 
long-term survival even after recurrence or metastasis, and the difficulty in observing survival differences over 
extended periods. Chemotherapy possesses no noticeable impact on OS in patients with ACC and is generally 
reserved for palliative care in cases of symptomatic local recurrence or metastatic disease that are unsuitable 

Fig. 5.  Subgroup analysis of OS for low- and high-risk patients. OS, overall survival.

 

Fig. 4.  Kaplan–Meier curves illustrating OS for patients in the low- and high-risk groups in the (A) training 
and (B) validation cohorts. OS, overall survival.
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for further surgery or radiation31. As the SEER dataset in this study lacks detailed chemotherapy information, 
subgroup analyses based on different chemotherapy regimens could not be conducted.

While TNM staging is widely used to guide treatment and predict prognosis, it does not fully account for 
the complex nature of tumor progression or the impact of other factors on patient survival. Nomograms have 
emerged as a more precise tool for estimating long-term outcomes in various malignancies, as they incorporate 
additional prognostic factors beyond TNM staging32,33. Our study demonstrates that the nomogram provides 
a superior net clinical benefit compared to AJCC staging by more effectively predicting 5-, 7-, and 9-year OS 
rates, as evidenced by DCA. Li et al. recently used a multivariate Cox proportional hazards model to identify 
independent predictors of OS in patients with early-onset ACCHN, including tumor size, chemotherapy, surgery, 
and stage, based on the SEER database34. Moreover, Ganly et al. constructed a comprehensive nomogram in 
2015 using a multinational dataset of patients with ACCHN, incorporating variables such as age, gender, tumor 
site, PNI, margin status, clinical T stage, pathologic N stage, and M stage. Their nomogram predicted 10-year OS, 
with a C-index of 0.71, and was validated using data from 99 patients across two institutions23. The present study 
validated the nomogram’s performance using the C-index, ROC, and DCA curves, demonstrating its robust 
discrimination and consistency. While the previous research by Ganly et al. achieved external validation with 
high C-indices, their cohort was limited to major salivary gland cancers. The multicenter dataset likely mitigated 
some variability in ACC management strategies across institutions; however, it may reduce its precision in 
predicting survival outcomes for the Chinese population. Furthermore, these prognostic models lack thorough 
external validation. Therefore, Cox regression analysis was utilized to assess OS predictors, and the nomogram 
was tested with Chinese cohorts for external validation. The nomogram demonstrated superior predictive 
accuracy and clinical relevance for ACCHN in both cohorts, with risk stratification effectively differentiating 
patient groups based on mortality risk.

While this study provides valuable insights into ACCHN prognostic models, it has limitations. First, the 
retrospective study design introduces potential biases despite strict inclusion criteria. Moreover, the SEER 
database lacks critical data points, such as PNI, alcohol and tobacco use, surgical margins, specific chemotherapy 
regimens, and radiotherapy doses. Furthermore, the small sample size in the validation set may bias the results, 
underscoring the need for further research to confirm the nomogram’s clinical utility before broad application.

Conclusion
A nomogram was developed for predicting OS in patients with ACCHN, offering a valuable tool for prognostic 
guidance and personalized treatment planning in clinical settings.

Data availability
The training dataset used in this study was obtained from the Surveillance, Epidemiology, and End Results 
Program (SEER) database (https://seer.cancer.gov/data/access.html). The validation dataset was sourced from 
clinical records at the corresponding author’s institution. Detailed information or requests for access to either 
dataset can be obtained by contacting the corresponding author, subject to reasonable request.
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