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Nomogram based on albumin and 
neutrophil-to-lymphocyte ratio for 
predicting the prognosis of patients 
with oral cavity squamous cell 
carcinoma
Huang-Kai Kao1,2, Jonas Löfstrand1,3, Charles Yuen-Yung Loh1,5, William Wei-Kai Lao1,  
Jui-Shan Yi4, Yu-Liang Chang6 & Kai-Ping Chang2,4

Increasing evidence indicates that inflammation plays a crucial role in cancer development. A novel 
scoring system based on albumin and the neutrophil-to-lymphocyte ratio (NLR) was developed and 
incorporated into a nomogram to create a more accurate prognostic tool for oral cavity squamous 
cell carcinoma (OSCC) patients. A retrospective review was performed on 613 consecutive patients 
undergoing ablative surgery for OSCC between September 2005 and December 2014. NLR and albumin 
were determined and used to calculate an albumin/NLR score (ANS). The nomogram was based on 
the ANS and several clinicopathological manifestations, and its accuracy was determined by the 
concordance index (c-index). A high ANS was significantly associated with aggressive tumor behaviors, 
such as T status, overall stage, extranodal extension, perineural invasion, tumor depth, and decreased 
overall survival (OS). Multivariate analysis indicated that age, overall stage, extranodal extension, and 
ANS were independent factors for OS. The c-index for OS prognosis was 0.750 using this nomogram 
compared to 0.688 using TNM staging alone. The prognostic accuracy for OS in OSCC patients can be 
significantly improved using a nomogram that incorporates the novel ANS and other clinicopathological 
variables.

Oral cavity cancer is one of the most common cancers worldwide, with an estimated annual incidence of approx-
imately 300,000 cases1. The dominant histologic type of oral cancer is oral cavity squamous cell carcinoma 
(OSCC). The prognosis for overall survival (OS) and risk of recurrence depends on both tumor-specific factors 
such as tumor size, nodal status, distant metastasis, extranodal extension (ENE) and bone invasion as well as 
patient-specific factors such as age, smoking, race, comorbidities and sex2–6. Although the TNM classification is 
important for predicting clinical outcomes and to serve as a guide for ablative and reconstructive treatment, OS 
vary greatly, even in patients at the same disease stage7,8. Recent reports have suggested that patient prognosis is 
associated with certain molecular biomarkers involved in angiogenesis, cell mutation, proliferation and differen-
tiation. However, expensive laboratory techniques and comprehensive tests are required. Identifying biomarkers, 
particularly serum biomarkers, is crucial for practical clinical application and would help clinicians adopt preven-
tive and therapeutic strategies for OSCC patients.

Increasing evidence has indicated that cancer development and progression is determined by both tumor 
characteristics and systemic inflammatory responses9–12. In certain types of cancers, some of these inflammation 
factors have shown to have prognostic value, including C-reactive protein, albumin, neutrophil-to-lymphocyte 
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ratio (NLR), and hemoglobin13–18. Some authors have combined biomarkers to increase prognostic value, such as 
the systemic inflammation score, which combines both the lymphocyte-to-macrophage ratio and albumin, and 
the Glasgow prognostic score, which combines C-reactive protein and albumin levels19,20. Few studies have been 
conducted on the prognostic value of the above-mentioned biomarkers in oral cancer21,22.

Nomograms are statistical tools that use two or more known variables to calculate an outcome/result23. 
Nomograms are common in the oncology field for calculating the prognosis of different cancers using different 
variable sets based on cancer type. However, nomograms for predicting OSCC outcomes are scarce. This study 
introduces a novel albumin/NLR score (ANS) that, when combined with other prognostic, demographic and clin-
icopathological factors, can create a nomogram to predict the 3- and 5-year OS for OSCC patients after surgery.

Characteristics Number Percentage %

Sex

   Male 556 90.7

   Female 57 9.3

Lesion site

   Buccal mucosa 226 36.9

   Mouth floor 32 5.2

   Gingiva 89 14.5

   Hard palate 17 2.8

   Lip 22 3.6

   Tongue 227 37.0

Tumor size (T)

   T1 126 20.6

   T2 200 32.6

   T3 72 11.8

   T4 215 35.0

Nodal metastasis

   N0 402 65.6

   N1 85 13.9

   N2 126 20.5

TNM staging

   I 109 17.8

   II 142 23.2

   III 94 15.3

   IV 268 43.7

Cell differentiation

   W-D 200 32.7

   M-D 343 56.1

   P-D 68 11.1

Alcohol consumption

   No 200 32.6

   Yes 413 67.4

Betel nut chewing

   No 125 20.4

   Yes 488 79.6

Cigarette smoking

   No 104 17.0

   Yes 509 83.0

Treatment

   Surgery only 287 44.8

   Surgery + Radiotherapy 109 17.8

   Surgery + chemoradiotherapy 217 35.4

Characteristics Number Mean ± SD (Max, Min)

Age (Years) 613 53.0 ± 11.38 (88.7, 21.9)

Body mass index 613 24.1 ± 4.1 (46.5, 11.9)

Albumin (gl−1) 613 4.4 ± 0.3 (5.6, 2.5)

NLR* 613 2.7 ± 1.78 (22.5, 0.6)

Table 1. Clinical, pathological and laboratory characteristics of the patients. *NLR: neutrophil-to-lymphocyte ratio.
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Results
Patient characteristics and clinicopathological data. Among the 613 patients, 556 (90.7%) were male, 
and 57 (9.3%) were female. The most common cancer site was the buccal mucosa (37%), followed closely by the 
tongue (36.9%). Of the patients, 83% were smokers, 67.4% were alcohol consumers, and 79.6% were betel nut 
chewers. The mean age was 53.0 ± 11.38 years, with a range from 21.9 to 88.7 years. The most common TNM 
stage was IV (43.7%), followed by II (23.2%). All characteristics are described in Table 1. Dichotomization of 
patients by albumin and NLR levels was performed using the median value as a cut-off, which was 4.5 g·l−1 for 
albumin and 2.28 for NLR.

Prognostic factors. Dichotomization of patients by albumin and NLR levels was performed using the 
median value as a cut-off, which was 4.5 g·l−1 for albumin and 2.28 for NLR. To calculate the ANS, values below 
the cut-off value for albumin and over the cut-off value for NLR were given 1 point each, giving each patient a 
score from 0–2. A high ANS was significantly associated with high overall stage, ENE, perineural invasion, and 
tumor depth (Table 2). Univariate analysis revealed that indicators of poor OS prognostic value were patient age 
of over 65 years, increased tumor stage, perineural invasion, ENE, poor cell differentiation, increased tumor 
depths, and less (<5 mm) surgical margins (Table 3). Multivariate analysis indicated that age, overall stage, ENE, 
and ANS were independent factors of OS (p = 0.022, p = 0.017, p < 0.0001, and p = 0.040, respectively) (Table 3).

The OS probability analysis revealed that the five-year OS incidence for patients stratified into albumin 
≥4.5 g·l−1 and <4.5 g·l−1 subgroups were 77.6% and 58.0%, respectively. These differences in OS were signifi-
cant based on the log-rank test (p < 0.0001; Fig. 1a). The OS probability analysis revealed that the five-year OS 
incidence for patients stratified into NLR ≤2.28 and >2.28 subgroups were 75.2% and 60.7%, respectively. These 
differences in OS were significant based on the log-rank test (p < 0.0001; Fig. 1b). The OS probability analysis 
revealed that the five-year incidence of OS for patients stratified into the ANS = 0, 1 and 2 subgroups were 81.6%, 
69.2% and 52.0%, respectively. The differences in OS were significant by the log-rank test (p < 0.0001; Fig. 1c).

Nomogram. The nomogram for calculating the 3-year and 5-year OS is presented in Fig. 2 as well as the 
calibration plots for 3-year and 5-year OS probability. The 95% confidence intervals of the 3- and 5-year survival 

Characteristics

Albumin NLR ANS

≥4.5 <4.5

P-values

≤2.28 >2.28

P-values

0 1 2

P-valuesn = 313 n = 300 n = 307 n = 306 n = 180 n = 260 n = 173

Age (years)§ 50.3 ± 10.4
(84.1, 21.9)

55.7 ± 11.7
(88.7, 30.9) <0.0001¶ 52.8 ± 11.5

(86.8, 21.9)
53.1 ± 11.2
(88.7, 30.3) 0.8701 49.2 ± 9.5

(73.5, 21.9)
54.8 ± 12.1
(86.8, 30.5)

54.1 ± 11.1
(88.7, 30.9) <0.0001¶

Body mass index§ 24.6 ± 4.1
(39.7, 11.9)

23.8 ± 4.1
(46.5, 12.0) 0.0110¶ 24.8 ± 4.2

(41.5, 12.0)
23.7 ± 3.9
(46.5, 11.9) 0.0026¶ 24.9 ± 4.3

(39.7, 15.1)
24.3 ± 4.0
(41.5, 11.9)

23.3 ± 3.9
(46.5, 15.5) 0.0006¶

Sex

   Male 288 268 0.2535 272 284 0.0726 166 228 162 0.0797

  Female 25 32 35 22 14 32 11

pT Status

   1–2 189 136 0.0002¶ 212 113 <0.0001¶ 125 151 49 <0.0001¶

   3–4 123 164 94 193 54 109 124

pN Status

   (−) 213 189 0.1882 213 189 0.0472¶ 125 176 101 0.0585

   (+) 100 111 94 117 55 84 72

Overall Pathological Stage

   I-II 148 103 0.0011¶ 168 83 <0.0001¶ 99 118 34 <0.0001¶

   III-IV 165 197 139 223 81 142 139

ENE

   (−) 259 235 0.1405 265 229 0.0002¶ 155 214 125 0.0016¶

   (+) 52 64 40 76 24 44 48

Cell Differentiation*

   W-D + M-D 279 264 0.6574 277 266 0.1262 164 228 151 0.3691

   P-D 33 35 28 40 15 31 22

Perineural Invasion

   No 215 192 0.2191 222 185 0.0019¶ 127 183 97 0.0032¶

   Yes 98 108 85 121 53 77 76

Tumor Depth 
(mm)§

10.3 ± 9.1
(50.0, 0.0)

13.9 ± 11.9
(68.0, 0.3) <0.0001¶ 9.2 ± 7.9

(65.0, 0.0)
14.9 ± 12.3
(68.0, 0.0) <0.0001¶ 9.1 ± 7.4

(37.0, 0.0)
10.7 ± 9.8
(65.0, 0.0)

17.3 ± 13.0
(68.0, 1.0) <0.0001¶

Table 2. Associations of albumin, NLR and ANS with clinicopathological characteristics. Abbreviations: 
ENE: extranodal extension; NLR = neutrophil-to-lymphocyte ratio; ANS = albumin/NLR score. *W-D: well-
differentiated, M-D: moderately differentiated, and P-D: poorly differentiated, squamous cell carcinoma. 
§Mean ± SD (Maximum, Minimum). ¶Statistically significant.
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probablilities were [0.771, 0.841] and [0.702, 0.787], respectively. The c-index for the nomogram of tumor staging 
alone was 0.688, whereas the c-indexes of the nomograms that included all serum/ clinicopathological factors 
with and without ANS were 0.750 and 0.740, respectively.

Discussion
Currently, TNM staging is the most common prognostic tool for determining OSCC prognosis. TNM staging is 
reliable but is a static tool that focuses only on tumor-specific characteristics without accounting for other factors. 
Other adjuncts to provide the surgeon, and more importantly, the patient, with better preoperative prognostic 
information would be useful. Nomograms are a pictorial representation of a complex mathematical formula that 
have emerged as a simpler, yet more advanced method compared to TNM staging. By integrating diverse prog-
nostic and determinant variables to generate the probability of a clinical event, the nomogram fulfills a necessary 
role in oncological personalized medicine24.

In this study, we developed a nomogram that includes preoperative hematological and laboratory markers of 
systemic inflammatory responses to improve prognosis prediction in OSCC patients after surgery. A decreased 
serum albumin level and higher NLR before surgery were the independent and negative predictors of OS. A 
prognostic score, named as ANS, was created by combining serum albumin levels with NLR. An elevated score 

Variables

Univariate Multivariate

Hazards Ratio 95% CI P-value Hazards Ratio 95% CI P-value

Age (Years)

   ≤65 Reference Reference

   >65 1.435 1.011–2.039 0.0434† 1.528 1.063–2.197 0.0220†

Sex

   Male Reference Reference

   Female 1.226 0.779–1.928 0.3781 1.158 0.725–1.850 0.5381

Overall Pathological Stage

   I Reference Reference

   II 2.345 1.110–4.954 0.0256† 2.603 1.181–5.738 0.0177†

   III 3.679 1.735–7.798 0.0007† 3.391 1.504–7.644 0.0032†

   IV 7.690 3.912–15.117 <0.0001† 4.928 2.213–10.974 <0.0001†

ENE

   (−) Reference Reference

   (+) 3.665 2.725–4.929 <0.0001† 2.096 1.477–2.975 <0.0001†

Perineural Invasion

   No Reference Reference

   Yes 1.926 1.453–2.553 <0.0001† 1.061 0.764–1.473 0.7222

Cell Differentiation*

   W-D + M-D Reference Reference

   P-D 1.916 1.305–2.814 0.0009† 1.359 0.908–2.034 0.1363

Tumor Depth (mm)

   <10 mm Reference Reference

   ≥10 mm 2.423 1.801–3.259 <0.0001† 1.119 0.773–1.619 0.5517

Surgical margin

   <5 mm Reference Reference

   ≥5 mm 0.696 0.518–0.934 0.0158† 0.914 0.675–1.238 0.5622

Albumin (gl−1)

   ≥4.5 Reference

   <4.5 2.109 1.575–2.825 <0.0001†

NLR

   ≤2.28 Reference

   >2.28 1.759 1.320–2.345 0.0001†

ANS

   score = 0 Reference Reference

   score = 1 1.802 1.201–2.703 0.0044† 1.550 1.020–2.354 0.0400†

   score = 2 3.181 2.124–4.763 <0.0001† 1.962 1.283–3.001 0.0019†

Table 3. Univariate and multivariate analysis of OS in patients with oral cavity squamous cell carcinoma 
after treatment. Abbreviations: OS = overall survival; CI = confidence interval; ENE = extranodal 
extension; NLR = neutrophil-t-lymphocyte ratio; ANS = albumin/NLR score. *W-D = well-differentiated, 
M-D = moderately differentiated, and P-D = poorly differentiated, squamous cell carcinoma. †Statistically 
significant.
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is a risk factor for long-term outcomes and is associated with high overall stage, ENE, perineural invasion, and 
tumor depth. According to our previous studies, ENE, cell differentiation, and perineural invasion have been 
demonstrated as important prognostic factors25–27. Consequently, the ANS, incorporated with TNM stage, age, 
sex, ENE, cell differentiation, and perineural invasion, was constructed as this prognostic nomogram to predict 
OS. Compared to the established serum/clinical model without ANS, the c-index of the model including ANS 
could increase from 0.740 to 0.750, showing an potential role of ANS on the prognostic prediction in the nomo-
gram model.

Previous studies showed that several inflammatory biomarkers can be used as prognostic tools for different 
cancer types. Several blood cell-based prognostic biomarkers in relation to systemic inflammation responses 
were established to predict patient outcomes. These included NLR, lymphocyte-to-macrophage ratio (LMR), 
platelet-to-lymphocyte ratio (PLR), and hemoglobin level, which can each be used as a single prognostic indicator 
or can be combined with others. Several reports have demonstrated that a higher NLR and PLR, or a lower LMR 
correlates with a poor prognosis in head and neck cancer patients22,28–30. However, the cut-off values for these 
inflammatory biomarkers vary. The cut-off value identified by one single cohort may not apply to other inde-
pendent cohorts. Although the interactions between the tumor cells and the host immune system have not been 
fully elucidated, inflammation clearly plays a pivotal role and has been recognized as a hallmark of cancer31. An 
elevated NLR indicates an imbalance between the innate and acquired immune response. Lymphocytes are a part 
of the more specific, acquired immune response and attack tumors by recognizing tumor antigens32. Tumors with 
higher infiltration by lymphocytes has been linked with better prognosis in several cancers33,34. Neutrophils, on 
the other hand, are a part of the innate, non-specific immune response and can secrete tumor growth promoting 
factors which may enable tumor growth and spread35,36. A high number of intratumoral neutrophils has been 
linked to poorer prognosis in renal cancer37. Thus, even though the exact pathways are not completely known, 
higher NLR-values indicate that the tumor has induced a stronger response in the innate immune response than 
in the acquired immune response, which might be linked to a poorer prognosis. To the best of our knowledge, 
this study evaluated the greatest amount of patient material for inflammation biomarkers and ratios with pos-
sible prognostic potential after OSCC surgery. The study showed that NLR, albumin and albumin/NLR scores 
have potential prognostic value for OS. Increased NLR was associated with decreased OS. The prognostic value 
mechanism for these inflammatory biomarkers in cancer remains unclear. Several reports have demonstrated that 
cancer and inflammation interact reciprocally38. An elevated NLR indicates an imbalance between the innate and 
acquired immune response, with increased cytokine levels such as interleukins39,40. This elevation may reflect an 
aggressive and/or advanced tumor as well as an inflammatory microenvironment that enables a tumor to spread; 
i.e., lymphocytes can have tumor suppressing effects, whereas neutrophils can create a favorable environment for 
the tumor by remodeling the extracellular matrix and angiogenesis, thus enabling the tumor to spread41,42.

Low serum albumin levels are reported to be associated with poor survival in several cancers. In this study, 
decreased serum albumin was also associated with decreased OS in OSCC patients. Albumin is a negative acute 
phase protein that decreases with inflammation and due to other reasons, such as malnutrition, increased age and 
disease43–46. The novel ANS has significant prognostic potential, as shown in the current nomogram. Creating a 
nomogram including this score, together with demographic and clinicopathological factors (age, tumor stage, 
perineural invasion, ENE and cell differentiation), contributed to the increased c-index of 0.750 compared to 
0.688 using tumor stage alone to predict OS. The interactions between inflammation and cancer are intricate and 
unclear, but these findings emphasize their importance and provide a means for improving prognostic informa-
tion through a rapid and economical blood test.

Nomograms have been used in several cancers as adjuncts in prognostic determination8,47–49. They can be 
tools to determine patient prognosis in addition to TNM classification, the current gold standard. The main 
advantage of the preoperative nomogram is its ability to estimate individualized 3-year and 5-year survival based 
on patient blood tests and disease characteristics. Nomograms can help surgeons identify patients who may 
derive greater benefit from more extensive surgery, thus affecting all aspects of cancer care. However, the present 

Figure 1. Association of albumin, NLR and ANS with the probability of overall survival (OS). (a) Kaplan-Meier 
plot for OS probability, where the 5-year OS rates for patient subgroups stratified by albumin were 77.6% vs. 
58.0% (p < 0.0001). (b) Kaplan-Meier plot for OS probability, where the 5-year OS rates for patient subgroups 
stratified by NLR were 75.2% vs. 60.7% (p < 0.0001). (c) Kaplan-Meier plot for OS probability, where the 5-year 
OS rates for patient subgroups stratified by ANS score were 81.6% vs. 69.2% vs. 52.0% (p < 0.0001).
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study has several limitations. First, the cut-off values for serum albumin and NLR were 4.5 and 2.28 based on this 
specific study population. When reviewing the literature, there are different cut-off values for biomarkers, ratios 
and scores based on cancer type and study population/area. Thus, it is difficult to create standardized cut-offs 
that can be used worldwide, even within a single cancer type19,48,49. Second, this dataset included only patients 
who underwent surgical resection for OSCC. Patients with unresectable tumors or who refused surgery were not 
enrolled. Third, this retrospective cohort consisted of OSCC patients over a 10-year follow-up period. A nomo-
gram may become less accurate over time due to improved therapeutic strategies.

Figure 2. Nomogram and survival predictions. (a) Nomogram for OS prediction. A vertical line is drawn 
from each factor to the point score. By adding the points from all factors, a total points score is reached, which 
is translated into 3-year and 5-year OS probabilities by drawing a vertical line to its axis. Calibration plots of 
the nomogram to predict (b) 3-year OS and (c) 5-year OS. The blue line indicates the ideal prediction, and the 
black line represents the nomogram’s performance. Black dots with bars represent the nomogram’s performance 
with 95% CI when applied to the observed surviving cohorts. Abbreviations: ENE = extranodal extension; 
ANS = albumin/NLR score.
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Although this study comprised a large population over a recent time period, it was a retrospective study with 
the weaknesses that this confers. Although internal validation was performed to prevent over-interpreting the 
data, external validation will verify if our findings are universally applicable. Additionally, a prospective study to 
confirm the results would be valuable, and we plan to pursue this in the near future.

Conclusions
NLR and albumin have prognostic value for OS in OSCC after surgery. A nomogram was established by combin-
ing the ANS with demographic and clinicopathological variables. Regarding OS in preoperative decision making, 
this nomogram may provide more accurate prognostic information for patients and clinicians.

Materials and Methods
Patients and clinical specimens. This study retrospectively enrolled consecutive patients with OSCC 
tumors who were diagnosed at Chang Gung Memorial Hospital between September 2005 and December 2014. 
Patients with at least one of the following conditions were considered ineligible for study inclusion: other con-
comitant primary cancer (synchronous or metachronous), recurrent cancer, distant metastasis at presentation, 
prior history of malignancy, treatment with neoadjuvant therapy, or medical contraindication for surgery. A 
total of 613 patients were included. Patients were defined as betel nut chewers if they had chewed 2 or more betel 
nuts daily for at least 1 year; cigarette smokers if they smoked every day for at least 1 year; and alcohol drinkers 
if they consumed an alcoholic beverage 1 or more times per week for at least 6 months. All patients provided 
informed consent prior to study participation, and the study was approved by the Institutional Review Board of 
Chang Gung Memorial Hospital. Patients underwent standard preoperative work-ups per institutional guide-
lines, including a detailed medical history, complete physical examination, blood tests, computed tomography 
or magnetic resonance imaging scans of the head and neck, chest radiographs, bone scan, and abdominal ultra-
sound. Primary tumors were excised with margins per institutional guidelines, with intraoperative frozen section 
controls. Surgical defects were immediately reconstructed, if necessary, by plastic surgeons using local, pedicled 
or free flap. Following surgical treatment, the pathological TNM classification of all tumors was established per 
the American Joint Committee on Cancer Staging Manual (2010). Postoperative chemotherapy and/or radiother-
apy was performed if indicated by our institutional guidelines. Briefly, Postoperative radiotherapy was performed 
on patients with pathologic T4 tumors and positive lymph nodes within 6 weeks following surgery. Patients with 
any pathologic findings such as metastasis in multiple neck lymph nodes, extracapsular spread, positive surgical 
margins, nodal dissemination at level 4 or 5, and perineural invasion received adjuvant concurrent chemoradi-
otherapy. The chemotherapy was a cisplatin-based regimen, and the total radiation dose was 66 Gy delivered in 
fractions of 2-Gy per day for 5 days per week. After discharge, all patients had regular follow-up visits every 2 
months for the first year, every 3 months for the second year, and every 6 months thereafter.

NLR was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count. ANS was cal-
culated by assigning 0 or 1 point for albumin and for NLR levels above or below the cut-off value. This provided a 
possible score of 0–2. The cut-off was set as the median value.

Statistical analysis and stratification. All statistical data are expressed as the mean ± SD. The chi-square 
and Wilcoxon tests were used to compare clinicopathological characteristics in OSCC tumors. All patients under-
went follow-up evaluations at our outpatient clinic until December 2016 or death. Survival analyses were plotted 
using the Kaplan-Meier method, and differences were evaluated using the log-rank test. A Cox regression model 
was used to perform the univariate and multivariate analyses. Statistical analyses were performed using SAS 
software (version 9.1; SAS Institute, Cary, NC). All p-values were two-sided, and statistical significance was set at 
p < 0.05. The nomogram was created using the R software “rms” package (Version 5.1–0, Vanderbilt University, 
Nashville, TN). The concordance index (c-index) was calculated to determine the nomogram’s ability to predict 
OS. A value of 0.5 indicates random predictability and 1.0 represents perfect predictability50. For example, in 
randomly selected patient pairs, a calculated value of 0.6 indicated a 60% probability that patients who were 
predicted to have poor OS would have shorter OS. The c-index was calculated for the current standard of OS 
prediction (TNM classification) as well as for the proposed nomogram.
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