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Purpose: To explore acute toxicities and prognosis of elderly NPC patients after IMRT; to 
identify predictors regarding age, chemotherapy, comorbidities, nutrition status, and psycho-
logical condition; and to establish a nomogram for the prediction of prognosis.
Patients and Methods: Elderly NPC patients were divided into three groups (age of 
60–65, age of 66–70, and age over 70) and were retrospectively analyzed. The acute 
toxicities, prognosis, and potential predictors were analyzed. Then, a nomogram for PFS 
was established, and the performance of nomogram was compared with the performance of 
TNM system.
Results: A total of 214 elderly patients (214/1981, 10.8%) were involved. Patients of Stage 
III and IV accounted for 73.4%. The 3-year, 5-year PFS and OS were 77.9%, 66.3%, 79.3% 
and 66.8%, respectively. Elder patients had a worse prognosis (P=0.002). The main cause of 
death remained in recurrence and metastasis; few died from comorbidities, and some died 
from nutrition status and psychological condition. Age (HR=1.10, 95% CI=1.05–1.15, 
P<0.001), ALB level (HR=0.93, 95% CI=0.88–0.99, P=0.019), and T stage (HR=1.85, 
95% CI=1.10–3.13, P=0.022) were critical for PFS, but chemotherapy or comorbidities 
were not. Acute toxicities were mainly at or under grade II. N stage (OR=2.50, 95% 
CI=1.28–4.88, P=0.007) and chemotherapy (OR=6.01, 95% CI=3.11–11.63, P<0.001) were 
risk factors for hematological toxicity; while age (OR=0.59, 95% CI=0.37–0.92, P=0.020) 
and chemotherapy (OR=225.14, 95% CI=61.91–818.64, P<0.001) influenced emesis; ALB 
(OR=1.11, 95% CI=1.04–1.19, P=0.002) affected mucositis. Comorbidities were not influ-
ential in acute toxicities. The nomogram for PFS (C-index=0.682, 95% CI=0.617–0.747) 
performed better than the TNM system (C-index=0.604, 95% CI=0.532–0.674, P<0.001).
Conclusion: Elderly NPC patients sustained poor prognosis. The easily applied nomogram 
is hopeful to benefit the clinical decision-making.
Keywords: cancer, geriatric, survival, outcome, side effect, model

Introduction
Nasopharyngeal Carcinoma (NPC) is epidemic and threatening in Southeast and 
Eastern Asia,1 and due to its unique anatomic location and radioactive sensitivity, 
the primary treatment is radiotherapy. NPC has a huge viability of onset age 
between 3–86 years old, but it is most prevalent among the population of 60–69- 
year-olds. Therefore, elderly patients (≥60) cover a certain proportion of NPC 
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patients.2 With the acceleration of aging progress world-
wide, treatment of NPC in the elderly population has been 
a major health burden. Elderly patients have degeneration 
in body functions, poor psychological endurance, and 
a high number of comorbidities, therefore the management 
provides complex challenges for clinicians. However, the 
elderly patients have been under-represented in clinical 
trials, which results in a lacking of reliable evidence- 
based therapy.3,4 The survival of elderly patients is much 
worse than the general patients with a 5-year overall 
survival as only about 50%.5,6 Many studies tried to 
work out a proper solution towards the treatment of elderly 
NPC patients, but due to the small sample size,7 outdated 
radiation technique,8,9 and old staging method,6,9 they 
restricted the applicability of their results. On the other 
hand, acute toxicities during the treatment play important 
roles in the clinical decision-making process, however 
little has been reported about what affects the acute toxi-
cities. Age, chemotherapy, comorbidities, nutrition status, 
and psychological condition are supposed to have potential 
effects on both prognosis and acute toxicities, but little has 
been understood. Therefore, we conducted this study to 
explore the prognosis, acute toxicities, and their predictors 
of elderly patients with NPC after intensity-modulated 
radiotherapy (IMRT). Meanwhile, because nomograms 
are proved to be more reliable and efficient than the 
American Joint Committee on Cancer/Union for 
International Cancer Control (AJCC/UICC) Tumor-Node- 
Metastasis staging system (TNM system), we further 
developed a nomogram. To our knowledge, this is the 
first nomogram for the prognosis of elderly patients with 
NPC, and it is hopeful to promote proper and efficient 
clinical decision-making in the near aging future.

Patients and Methods
Patients
NPC patients admitted to our hospital during 2010–2016 
were considered as potential participants. The inclusive 
criteria were as follows: patient who 1) was beyond 60 
years old, 2) had histologic confirmation of nonkeratiniz-
ing nasopharyngeal carcinoma in our hospital, 3) had 
completement of IMRT. The exclusive criteria were the 
following: patient who 1) had distant metastasis at diag-
nosis; 2) had multiple primary carcinomas; and 3) had 
cancer treatment before. All patients were restaged using 
the 8th TNM system by two specialists of NPC 
independently.

Treatments
All patients underwent IMRT with or without chemother-
apy. Regarding IMRT, the target volumes were delineated 
in accordance with the International Commission on 
Radiation Units and Measurements Reports 50 and 62. 
The prescribed doses were 70.06–75.00 Gy at 2.26–2.35 
Gy/fraction to the planning target volume (PTV) derived 
from the gross tumor volume (GTV) of the primary tumor, 
66.00–70.40 Gy to the PTV from the GTV of the nodal 
lesion, 60.00–64.00 Gy to the PTV from the clinical target 
volume with high risk (CTV1), and 54.00–57.60 Gy to the 
PTV of the low-risk clinical target volume (CTV2) in 
30–33 fractions, the IMRT were delivered one fraction 
per day and 5 days per week. As for chemotherapy, 
patients with stage III/IV disease received concurrent che-
moradiotherapy (CCRT) with or without sequential che-
motherapy (induction chemotherapy (IC) and/or adjuvant 
chemotherapy (AC)), while patients with stage II disease 
received CCRT. The induction chemotherapy repeated 
every 3 weeks for 2–3 cycles, TPF regimen (docetaxel 
60 mg/m2 on day 1, cisplatin 60 mg/m2 on day 1, and 
5-fluorouracil 600 mg/m2 with continuous intravenous 
infusion during 120 hours) or PF regimen (cisplatin 
80 mg/m2 on day 1–3, and 5-fluorouracil 750 mg/m2 

with continuous intravenous infusion during 120 hours) 
was used. For concurrent chemotherapy, cisplatin 
(100 mg/m2 on day 1–3) was delivered every 3 weeks 
for 2–3 cycles. For adjuvant chemotherapy, PF regimen 
or TP regimen (docetaxel 75 mg/m2 on day 1, cisplatin 
75 mg/m2 on day 1) was applied every 3 weeks for 2–3 
cycles. If necessary, dose reductions would be applied at 
the discretion of doctors.

Patient Assessment and Follow-Ups
Data were collected for potential predictors, which enrolled 
baseline characters, disease history, laboratory examination 
(hemoglobin (Hb), albumin (ALB), lactate dehydrogenase 
level (LDH)), and treatment. According to the Common 
Terminology Criteria for Adverse Events (CTCAE) version 
4.0 and the Radiation Morbidity Scoring Criteria of the 
Radiation Therapy Oncology Group, acute toxicities were 
graded. The end points were progress-free survival (PFS) 
and overall survival (OS). PFS was defined as a period from 
the first day of treatment to the day of recurrence, metastasis, 
death, or last visit. Overall survival was considered as a period 
from the first day of treatment to the day of death under any 
condition or the day of last visit. Patients were required to 
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complete assessment every 2 months during the first year after 
treatment, every 3 months in the next 2 years and every 6 
months thereafter.

Statistical Analysis
For non-survival data, statistical comparisons among groups 
were computed via variance analysis, chi-square test, or rank 
sum test if appropriate; Univariate analyses and multivariate 
analysis of acute toxicities were performed via logistic 
regression. For survival data, PFS and OS were calculated 
by Kaplan-Meier method and were compared by Log rank 
test among different subgroups. Univariate analyses and 
multivariate analysis of PFS were performed by the Cox 
proportional hazards model, and a backward stepwise selec-
tion method with Akaike information criterion was 

performed.10 Significant predictors in the multivariate ana-
lyses were used to establish the nomogram for PFS. Then 
the nomogram was compared with the 8th TNM system in 
regards of discrimination, calibration, and clinical useful-
ness. Discrimination was evaluated by concordance index 
(C-index); calibration was measured by calibration plots; 
and the clinical usefulness was depicted by decision 
curve.11 The internal validation was carried out by 
bootstrapping.

A variable with a P<0.10 in univariable analysis was 
selected to enter multivariable analysis, while a two-side 
P-value<0.05 was considered as statistically significant 
on other occasions. Data analysis for nomograms was 
performed in R software (version 3.6), and other data 
were computed in SPSS (version 25.0).

Table 1 Charateristics of Patients and Tumor

Characteristics (No./%) Total 60≤n<65 65≤n<70 ≥70 P-value

Total 214 (100) 127 (59.3) 51 (23.8) 36 (16.8)

Sex 0.218

Male 165 (77.1) 93 (73.2) 41 (80.4) 31 (86.1)

Female 49 (22.9) 34 (26.8) 10 (19.6) 5 (13.9)

CCI 0.066
0 135 (63.1) 85 (66.9) 33 (64.7) 17 (47.2)

1 64 (29.9) 35 (27.6) 15 (29.4) 14 (38.9)

≥2 15 (7.0) 7 (5.5) 3 (5.9) 5 (13.9)

BMI 0.016*

<18.5 23 (10.7) 13 (10.2) 10 (19.6) 0 (0.0)
18.5–24 144 (67.3) 82 (64.6) 35 (68.6) 27 (75.0)

≥25 47 (22.0) 32 (25.2) 6 (11.8) 9 (25.0)

T stage 0.891

T1&2 95 (44.4) 58 (45.7) 22 (43.1) 15 (41.7)

T3&4 119 (55.6) 69 (54.3) 29 (56.9) 21 (58.3)

N stage 0.667

N0&1 112 (52.3) 67 (52.8) 28 (54.9) 17 (47.2)
N2&3 102 (47.7) 60 (47.2) 23 (45.1) 19 (52.8)

Clinical stage 0.930
I and II 57 (26.6) 35 (27.6) 13 (25.5) 9 (25.0)

III and IV 157 (73.4) 92 (72.4) 38 (74.5) 27 (75.0)

ALB(mean, SD) 41.34, 3.97 41.76, 3.90 40.42, 3.47 41.14, 4.70 0.081

LDH(mean, SD) 187.58, 52.63 178.70, 34.42 201.39, 69.50 199.33, 70.59 0.250

Hb(mean, SD) 82.96, 66.00 81.12, 67.41 84.48, 65.26 87.32, 63.52 0.983

Treatment <0.001***

RT 55 (25.7) 22 (17.3) 10 (19.6) 23 (63.9)
RT+Chemotherapy 159 (74.3) 105 (82.7) 41 (80.4) 13 (36.1)

Notes: *P<0.05; ***P<0.001. 
Abbreviations: CCI, Charlson comorbidity index; BMI, body mass index; ALB, albumin; LDH, lactic dehydrogenase; Hb, hemoglobin; RT, radiotherapy.
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Results
Baseline Characteristics
As shown in Table 1, 214 patients were eligible, which 
accounted for 10.8% (214/1981) of the general NPC patients 
from the same period in our hospital. Age of the patients ranged 
between 60–86, with a median of 63.5; They were divided into 
three groups based on the age: 60≤n<65 group, 65≤n<70 
group, and ≥70 group. There were 127, 52, and 36 patients in 
the corresponding group, respectively. The male-to-female rate 
was about 3.4:1. One hundred and fifty-nine patients received 
chemotherapy (CCRT: 91 patients, IC+CCRT: 43 patients, 
CCRT+AC: 20 patients, IC+CCRT+AC: 1 patient, and IC 
only: 4 patients). In IC, 81% (39/48) received TPF regimen 

while others received PF; In AC, 61.9% (13/21) used PF regi-
men while others used TP regimen. Cisplatin was replaced by 
other platinum complexes (nedaplatin or carboplatin) in five 
patients in IC and 16 patients in CCRT.

Acute Toxicities
As shown in Table 2, the common acute toxicities were 
recorded, including the hematological toxicity, emesis, 
mucositis, dermatitis, and weight loss. The acute toxicities 
were mostly at and under grade II, which indicated secur-
ity during treatment. Meanwhile, comparisons were con-
ducted among the three groups and it revealed statistically 
significant differences in hematological toxicity (P=0.006) 

Table 2 Acute Toxicities and Prognosis

Characteristics (No./%) Total 60≤n<65 65≤n<70 ≥70 P-value

Total 214 127 51 36

Hematological toxicity 0.006**

0 36 (16.8) 14 (11.0) 10 (19.6) 12 (33.3)
1 30 (14.0) 19 (15.0) 3 (5.9) 8 (22.2)

2 84 (39.3) 50 (39.4) 25 (49.0) 9 (25.0)

3 58 (27.1) 41 (32.3) 10 (19.6) 7 (19.4)
4 6 (2.8) 3 (2.4) 3 (5.9) 0

Emesis <0.001***
0 54 (25.6) 20 (15.7) 10 (19.6) 24 (66.7)

1 78 (37.0) 49 (38.6) 23 (45.1) 6 (16.7)
2 64 (30.3) 48 (37.8) 14 (27.5) 5 (13.9)

3 15 (7.1) 10 (7.9) 4 (7.8) 1 (2.8)

4 0 0 0 0

Mucositis 0.841

0 1 (0.5) 0 1 (2.0) 0
1 75 (35.2) 44 (34.6) 17 (33.3) 15 (41.7)

2 102 (47.9) 63 (49.6) 23 (45.1) 16 (44.4)

3 26 (12.2) 17 (13.4) 6 (11.8) 3 (8.3)
4 9 (4.2) 3 (2.4) 4 (7.8) 2 (5.6)

Dermatitis 0.798
0 1 (0.5) 0 1 (2.0) 0

1 193 (90.6) 115 (90.6) 46 (90.2) 32 (88.9)

2 12 (5.6) 8 (6.3) 2 (3.9) 2 (5.6)
3 7 (3.3) 4 (3.1) 2 (3.9) 1 (2.8)

4 0 0 0 0

Weight loss (%, median (range)) 6.71 (5.91–7.52) 6.39 (5.31–7.45) 7.36 (5.68–9.04) 6.96 (5.10–8.82) 0.596

3-year PFS 77.90% 83.30% 75.60% 62.80% 0.002**

5-year PFS 66.30% 74.30% 60.90% 46.50% 0.002**
3-year OS 79.30% 85.80% 75.60% 62.70% 0.002**

5-year OS 66.80% 82.70% 60.90% 46.20% 0.002**

Notes: **P<0.01; ***P<0.001. 
Abbreviations: PFS, progress-free survival; OS, overall survival.
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and emesis (P<0.001), but no statistically significant dif-
ference in the other three acute toxicities.

Survival Outcome
The follow-up time ranged from 2–98 months, with 
a median of 44 months. Sixty-three patients died during 
this time, and the cause of death was pictured in Figure 1: 
most of them died from recurrence or metastatic (71.43%), 
nine patients died from comorbidities previously existed, 
and, unexpectedly, five patents lost lives from avoidable 
treatment-related factors caused by poor nutrition status 
and psychological condition, such as suicide and apastia.

The PFS and OS were depicted in Table 2. The total 
3-year and 5-year PFS was 77.9% and 66.3%, respectively, 
and the total 3-year and 5-year OS was 83.3% and 74.3%, 
respectively. Both the 3-year, 5-year PFS and OS were 
worse in the elder patients, with a significant difference 
detected among three groups (all P=0.002). Subgroup 
analyses based on clinical stage was also conducted, and 
results are shown in Figure 2.

Univariate and Multivariate Analysis of 
Acute Toxicities
We conducted univariate and multivariate analysis in com-
mon acute toxicities (Table 3), and found that N stage 
(OR=2.50, 95% CI=1.28–4.88, P=0.007) and chemother-
apy (OR=6.01, 95% CI=3.11–11.63, P<0.001) were statis-
tics significant for hematological toxicity; we also found 
that age (OR=0.59, 95% CI=0.37–0.92, P=0.020) and 

chemotherapy (OR=225.14, 95% CI=61.91–818.64, 
P<0.001) were statistically significant for emesis, while 
ALB (OR=1.11, 95% CI=1.04–1.19, P=0.002) affected 
mucositis and no factors were proved to be significant 
for dermatitis.

Univariate and Multivariate Analysis of 
PFS
As shown in Table 4, univariate analysis indicated that the 
potential factors of PFS were age, sex, LDH, ALB, T stage, 
N stage, and clinical stage, however CCI, BMI, Hb, and 
chemotherapy were not of statistical significance. 
Multivariate analysis indicated that Age (HR=1.10, 
95% CI=1.05–1.15, P<0.001), ALB (HR=1.11, 95% 
CI=1.04–1.19, P=0.002), and T stage (HR=1.85, 95% 
CI=1.10–3.13, P=0.022) were statistically significant in PFS.

The Nomogram of PFS
Based on statistical significance in the multivariate analysis 
of PFS and clinical importance, the nomogram was con-
structed by variables including sex, age, ALB, T stage, and 
N stage (Figure 3). In the nomogram, the total point was one- 
to-one corresponded with the 3-year PFS, so that clinicians 
can sum up points of each variable and then easily estimate 
the survival outcome. In our nomogram, the C-index was 
0.682 (95% CI=0.617–0.747), and it had better performance 
than the 8th TNM system (C-index=0.604, 95% 
CI=0.532–0.674, P<0.001). Figure 4 demonstrated the cali-
bration of the nomogram and the TNM system; Figure 5 was 

Figure 1 The cause of death in the elderly patients with NPC. 
Notes: *Treatment-related factors: 1) Suicide and apastia due to depressive mood caused by late toxicities: two patients; 2) Poor nutrient condition inducing by loss of 
appetite after treatment: two patients; 3) Severe epistaxis because of inappropriate care: one patient. 
Abbreviation: NPC, nasopharyngeal carcinoma.
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the decision curve, and it showed that the nomogram did 
better in clinical usefulness than the TNM system.

Discussion
To our knowledge, this is the first nomogram for the 
prognosis of elderly patients with NPC. The long-term 
survival outcome is unsatisfied in the elderly patients and 
they were often ruled out by most of the clinical trials. 
Therefore, clinical decision-making for them is in great 
need of evidence-based support. Several studies analyzed 
the elderly NPC patients, however, their results were under 
obvious limitation because of the small size, usage of 
outdated radiation technique and the old TNM system. 
Meanwhile, little is known about acute toxicities and 
what their affective factors are. Age, chemotherapy, 
comorbidities, nutrition status, and psychological condi-
tion are supposed to play important roles in both prognosis 
and acute toxicities, but little is understood. Therefore, in 
this study, we explored the prognosis, acute toxicities, and 
their predictors of elderly patients with NPC. The results 
showed that the total 3-year, 5-year PFS and OS was 
77.9%, 66.3%, 79.3%, and 66.8%, respectively. Patients 
were divided into three groups by their age (60–65, 65–70, 
and≥70 groups), and it indicated that the older a patient is, 

the worse the prognosis is; The main causes of death were 
still cancer recurrence and metastasis, a few patients died 
from comorbidities, and some of them died from avoidable 
treatment-related factors caused by poor nutrition status 
and psychological condition, such as suicide and apastia. 
The acute toxicities during treatment were mainly at or 
under grade II and thus tolerable in most cases; multi-
variate analyses indicated that N stage and chemotherapy 
played important roles in hematological toxicity; Age and 
chemotherapy influenced the emesis; and ALB affected the 
grade of mucositis. The multivariate analysis for PFS 
showed that age, T stage, and ALB were critical. Based 
on the results of the multivariable analysis of PFS, the 
nomogram was established and was proved to be more 
reliable than the TNM system. Comorbidities quantified by 
CCI were not a significant factor of neither PFS nor acute 
toxicities.

Along with the enhancement of radiation technique and 
the improvement of the regimen and sequence of che-
motherapy, it has made significant progress in the long- 
term survival for general NPC patients.1,12 However, the 
elderly patients bear poor survival outcomes: the OS of the 
elderly NPC patients was reported to be only 51.1% from 
a study of 2007;13 Gao et al8 declared that the survival 

Figure 2 3-year PFS (A) and 5-year PFS (B) for the elderly patients with NPC of different ages and stages. 
Abbreviations: PFS, progress-free survival; NPC, nasopharyngeal carcinoma.
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outcome was poor for the elderly patients in 2013; and 
even in 2019, a study still found that the 5-year OS for the 
elderly stayed low at 50.9%.6 In our study, the 5-year PFS 
and OS was 66.3% and 66.8%, also indicating an unsatis-
fied outcome. The poor outcome of elderly patients was 
concluded to be related to the degeneration of body func-
tions. Meanwhile, elderly patients were more likely to be 
graded as advanced stage at diagnosis; 73.4% of them was 
staged as stage III or IV in our study. This may be con-
tributed by the high prevalence of comorbidities and the 
absence of sensitivity, so that the elderly found it hard to 
notice the self-conscious symptoms of NPC at the early 
stage, which increased the risk of failure and led to a poor 
survival outcome.14,15 From this point, screening in epi-
demic area, early diagnosis, and early treatment could 

provide an effective way for improving treatment out-
come. In this study, we also investigated the failure pat-
tern, and the result showed that cancer recurrence and 
metastasis remained the main cause of death for the 
elderly patients, accounting for 71.4%, which indicated 
a positive treatment strategy was required for NPC treat-
ment. Few patients died from comorbidities, consistent 
with the study from Lin et al.9 In this study, some were 
reported to die from poor nutrient status inducing loss of 
appetite after treatment, or from intractable epistaxis 
because of inappropriate care; Some lost life for unex-
pected reasons such as suicide and apastia, which both 
were mainly caused by poor psychological condition due 
to late toxicities. These deaths were a great pity and should 
be paid attention to. That is, because of the degeneration in 

Table 3 Univariate and Multivariate Analysis of Acute Toxicities

– Hematological Toxicity Multivariate Analysis Emesis – – –

Univariate Analysis Univariate Analysis Multivariate Analysis

Characteristics OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 0.59 (0.43–0.82) 0.002** – 0.102 0.39 (0.27–0.55) <0.001*** 0.59 (0.37–0.92) 0.020*

Sex – 0.818 – – – 0.802 – –

CCI – 0.314 – – – 0.001*** – 0.138

BMI 0.66 (0.43–1.03) 0.062* – 0.139 – 0.126 – –

LDH – – – – – – – –

ALB – 0.461 – – – 0.994 – –

Hb – – – – – – – –

T stage 1.24 (1.02–1.51) 0.001*** – 0.072 1.62 (0.98–2.67) 0.058* – 0.928

N stage 2.12 (1.53–2.92) <0.001*** 2.50(1.28–4.88) 0.007** 1.69 (1.03–2.78) 0.038* – 0.348

Clinical stage 1.67 (1.34–2.07) <0.001*** – 0.944 2.42 (1.37–4.28) 0.002*** – 0.652

Chemotherapy 8.27 

(4.44–15.42)

<0.001*** 6.01 

(3.11–11.63)

<0.001*** 309.90 

(86.20–1114.20)

<0.001*** 225.14 

(61.91–818.64)

<0.001***

– Dermatitis – – – Mucositis – – –

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

Characteristics OR (95% CI) P OR (95% CI) P OR(95% CI) p OR(95% CI) p

Age – 0.719 – – – 0.738 – –

Sex 0.26 (0.06–1.27) 0.053* – 0.098 – 0.780 – –

CCI – 0.537 – – – 0.458 – –

BMI – 0.995 – – – 0.546 – –

LDH – – – – – – – –

ALB 1.12 (0.99–1.26) 0.073* – 0.080 1.10 (1.03–1.17) 0.005** 1.11 (1.04–1.19) 0.002**

Hb – – – – – – – –

T stage – 0.164 – – 2.20 (1.31–3.71) 0.003** – 0.114

N stage – 0.455 – – 1.84 (1.10–3.08) 0.019* – 0.134

Clinical stage – 0.314 – – 2.13 (1.19–3.83) 0.010** – 0.674

Chemotherapy – 0.145 – – – 0.213 – –

Notes: Variables with a P<0.10 in univariable analysis are selected for multivariable analysis; *P<0.10 in univariable analysis and P<0.05 in multivariable analysis; **P<0.01; 
***P<0.001. 
Abbreviations: CCI, Charlson comorbidity index; BMI, body mass index; ALB, albumin; LDH, lactic dehydrogenase; Hb, hemoglobin.
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body function, the elderly sustain poor comprehensive 
ability, bad memory, unsatisfied operative ability, and fra-
gile psychological condition, they are more vulnerable 
than the general patients.16 Therefore more attention 
should be paid to both physiological and psychological 
fragility in the elderly patients; daily life support, nutrition 
support, and psychological support should be provided at 
the appropriate time.

Age was considered as a critical role in the survival 
outcome of the elderly patients of NPC, but the details 
were out of knowledge. To work out how the age affected 

the outcome, we divided patients into 60≤n<65 group, 
65≤n<70 group, and ≥70 group, and a comparison was 
performed. Although patients in the 60–65 group were not 
thought to be as “aged” nowadays, they were still ruled out 
by clinical trials, and we found out that the 5-year PFS and 
OS of them, which were 74.3% and 82.7%, were also 
poorer than the general NPC patients.1 The results also 
indicated that the older a patient was, and the worse the 
outcome would be, the difference in prognosis of the three 
groups was of significance. Patients in the over-70-year- 
old group showed a much poorer outcome with a 5-year 

Table 4 Univariate and Multivariate Analysis of PFS

Characteristics (No./%) Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value

Total – – – –

Age 1.66 (1.24–2.22) 0.001*** 1.10 (1.05, 1.15) <0.001***
Sex 0.53 (0.26–1.07) 0.075* – –

CCI – 0.439 – –

BMI – 0.742 – –
T stage 1.89 (1.12–3.17) 0.014* 1.85 (1.10, 3.13) 0.022*

N stage 1.54 (0.95–2.52) 0.083* – –

LDH 1.00 (1.00–1.01) 0.026* – –
ALB 0.91 (0.86–0.97) 0.004** 0.93 (0.88–0.99) 0.019*

Hb – 0.224 – –

Treatment – 0.173 – –

Notes: Variables with a P<0.10 in univariable analysis are selected for multivariable analysis; *P<0.10 in univariable analysis and P<0.05 in multivariable analysis; 
**P<0.01; ***P<0.001. 
Abbreviations: PFS, progress-free survival; CCI, Charlson comorbidity index; BMI, body mass index; ALB, albumin; LDH, lactic dehydrogenase; Hb, 
hemoglobin; RT, radiotherapy.

Figure 3 The nomogram for 3-year PFS in the elderly patients with NPC. 
Notes: The nomogram is used to predict 3-year PFS for an individual elderly patient. Usage: first, the top line with a name as “points” is corresponding with all variables, 
draw a straight line up from each variable to the “point” line and get to know the variable’s points. Second, sum up points of variables and put the total point at the “total 
points” line, which is also one-to-to corresponding with the PFS, draw a line down and get to know the 3-year PFS. 
Abbreviations: PFS, progress-free survival; NPC, nasopharyngeal carcinoma.
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OS and PFS as 46.5% and 46.2%, which was in accor-
dance with the study of Lin et al,9 revealing that the 5-year 
OS of the <75 year-old-group was 69% while the 5-year 
OS of the >75 year-old-group was 42%. Worse outcome 
could be explained by the complex physiological and 
metabolic change of elderly patients, which was not fully 
understood yet. In the multivariable analysis, age was also 
proved to have a negative influence on PFS. This under-
lined the necessary early detection and treatment in elderly 
patients. Interestingly, regarding acute toxicities, we 

discovered that elder patients sustained less emesis, 
which was in accordance with the previous studies;17 this 
is possibly concerned with the decreased gastrointestinal 
motility due to the degeneration of the body in the 
elderly.18

Numerous studies of multi-center and big sample size 
reported that chemotherapy benefited the treatment of the 
general NPC patients,4,19 however, there was no certain 
answer for whether the chemotherapy was safely and 
effectively feasible for the elderly or not. Some studies 

Figure 4 The calibration plot of nomogram and TNM system in the elderly patients with NPC. 
Abbreviations: PFS, progress-free survival; NPC, nasopharyngeal carcinoma.

Figure 5 The decision curve of nomogram and TNM system in the elderly patients with NPC. 
Notes: The x-axis is determined by the threshold probability, at which the harm of false-positive intervention exceeds the harm of a false-negative non-intervention and thus 
an intervention is triggered. The y-axis is a net benefit. Net benefit is the relative benefit derived from the proportion of true-positive result subtracts the proportion of 
false-positive result weighted by a ratio from threshold probability. Under the same probability, the clinical usefulness is better when the net benefit is higher.
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reported that chemotherapy was tolerable and improved 
the outcome,20 but some argued the opposite.9,21 Our study 
showed that the use of chemotherapy did not gain at all. 
For the possible cause, there was an assumption that the 
chemotherapy could improve the outcome in the elderly 
indeed but it was impeded by the nonstandard regimen and 
dose, which was common in practice.9 Meanwhile, there 
was another assumption that the elderly were not sensitive 
to the chemotherapy at all due to their special physiologi-
cal state. However, this conflict could not be solved under 
the limitation of the now-existed information, so further 
research is needed. In terms of acute toxicities, chemother-
apy was revealed to be concerned with the hematological 
toxicity and the degree of emesis. With acute toxicities but 
without promotion on PFS, chemotherapy should be under 
careful consideration in the treatment of elderly patients.

Comorbidities have attracted much attention when 
a clinician is making a strategy of treatment, and its impact 
can be assessed by the CCI.22 CCI includes common 
comorbidities from various human systems, such as hyper-
tension, diabetes, heart disease, and immune diseases. The 
severity of comorbidities is also taken into account, and, 
according to the impact of comorbidities on the prognosis 
of diseases, corresponding scores are assigned, ranging 
from 0–6 points. A big study of 9300 cases proved that 
CCI was a meaningful indicator to describe the effect of 
comorbidities on the prognosis of diseases.23 Therefore, 
CCI was used to quantify the number and degree of comor-
bidities in this study. The results showed that the comorbid-
ities quantified by CCI were not predictors of the prognosis 
in elderly NPC patients, which was consistent with the 
report of Lin et al and Li et al.6,9 And that could be related 
to the improvement of diagnosis and treatment in modern 
times, leading to satisfied management of most comorbid-
ities. However, some held contrary opinions that comorbid-
ities were still influential factors indicating poor 
prognosis.15 The contradiction may be partly explained by 
the limitation of sample size, and the measurement of 
comorbidities; and it needs to be confirmed by large-scale, 
multi-center data. On the other hand, comorbidities were 
often under consideration while a clinician was evaluating 
the tolerance of the therapy. However, we found that comor-
bidities were not factors affecting common acute toxicities. 
Therefore, it is not comorbidities that should be under care-
ful consideration for tolerance, but instead, the inside phy-
siologic reserve, which can be monitored via normal 
multidisciplinary assessment (echocardiography, liver, and 
renal test, etc.), should be evaluated.24

Nutrition was represented with BMI, ALB, and Hb in 
our study. BMI and Hb were not risk factors, while ALB 
had a positive influence on prognosis and acute toxicities. 
ALB was a serological marker indicating nutrition condi-
tion, which was proved to be an important biomarker 
associated with survival of cancer patients.25,26 In the 
elderly patients of NPC, lower ALB decided poorer out-
come. Therefore, appropriate nutrition support was in need 
for better outcome. However, ALB was not helpful in 
preventing the acute toxicities.

It should be noted that most of the acute toxicities in 
the elderly patients with NPC were at and under grade II, 
and no fetal toxicity was observed, which was of consen-
sus with the studies of Lin et al9,15 and Jin et al. This 
indicated that the acute toxicities during the treatment 
were completely tolerable, active treatment was possible, 
and that, even more, the possibility of pushing treatment 
boundaries is allowed.

We further established a nomogram based on the multi-
variable analysis of PFS. The nomogram provided 
a simple and efficient way in predicting the 3-year PFS, 
and, moreover, it had better performance than the TNM 
system, and it is hopeful to promote proper and efficient 
clinical decision-making in the near aging future.

The study had limitations. First, it was a retrospective 
study, and selective biases inevitably existed, however, it 
came from the real world and represented the real condi-
tion. Second, we performed an internal validation by boot-
strapping in the nomogram, however, it would be better if 
we validated the nomogram externally.

Conclusion
To sum up, elderly patients with NPC are at the late stage 
at diagnosed and they sustain a poor prognosis. Tumor 
recurrence and metastasis were the main reasons for 
death, meanwhile treatment related deaths caused by 
poor nutrition status and psychological condition should 
not be ignored. More attention should be paid to daily life 
support, nutrition support, and psychological support. Age 
influenced prognosis negatively, so that early screening in 
an epidemic area, early detection,and early treatment 
should be carried out. This indicated that chemotherapy 
had no impact on the prognosis but the acute toxicities, 
while comorbidities had no impact on neither the prog-
nosis nor the acute toxicities, however, here exists conflict 
and more studies are needed. ALB supported better out-
come but did not reduce acute toxicities. All the acute 
toxicities were at and under grade II and tolerable, and 
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active treatment could be considered. We further devel-
oped an easily applied nomogram, it was superior to the 
8th AJCC staging system, and it is hopeful to benefit the 
decision-making.
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Cancer Control Tumor-Node-Metastasis staging system; 
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Events; PTV, planning target volume; GTV, gross tumor 
volume; CTV, clinical target volume; CCRT, concurrent 
chemoradiotherapy; IC, induction chemotherapy; AC, 
adjuvant chemotherapy; PFS, progress-free survival; OS, 
overall survival; C-index, concordance index; Hb, hemo-
globin; ALB, albumin; LDH, lactate dehydrogenase level; 
CCI, Charlson comorbidity index; BMI, body mass index; 
RT, radiotherapy; OR, odd ratio; HR, hazard ratio.
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