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Abstract

Background: Head and Neck cancer (HNC) is the 6th most common cancer worldwide. Its recurrence probability is known as the
greatest obstacle to prolong survival rate.
Objectives: This study was conducted to assess survival and recurrence rate of HNC and their associated risk factors.
Methods: This retrospective cohort study was conducted on 179 HNC patients, who were diagnosed from April 2007 to Novem-
ber 2013 in Tehran, Iran. Two outcomes were simultaneously analyzed: time between diagnosis and disease recurrence or inter-
recurrences; the time between diagnosis and death or end of the study. Kaplan-Meier curve, log-rank test, and general joint frailty
model were utilized to data analysis, using Stata 11.0 and R.
Results: From 179 patients, 52.5% experienced relapse at least once and 15.6% of cases deceased. The survival rate in 12-, 24-, and
60- month were 94.4, 83.1%, and 55.4%, respectively. The median of survival time was 60.92 (1.1 - 72.9) months, which was longer in
patients with relapse (63.62 versus 24.16). Advanced stage and the age older than 50 significantly increased the risk of death about
4-fold and 3-fold (P = 0.007, P = 0.014). Moreover, the initial treatment of surgery + radiotherapy + chemotherapy had significantly
raised the hazard of relapse (P < 0.001).
Conclusions: The percentage of deceased patients in relapse group was more than non-relapses, but the median of survival time
in them was longer. Early detection can prevent recurrent events and the premature death of HNC patients.
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1. Background

Head and neck cancer (HNC), including epithelial ma-
lignancies, is developed in the paranasal sinuses, nasal cav-
ity, oral cavity, pharynx, larynx, and parotid gland (1). This
cancer with more than a half a million new cases in each
year is the 6th most common cancer in the world (2, 3). In
2012, about 375000 people died from HNC throughout the
world, which was 4.6% of total cancer mortality (2).

HNC is associated with firmly, specific environmental
and lifestyle risk factors such as tobacco, cigarette, smok-
ing, addicting to wine, human papillomavirus, and ultra-
violet radiation (4). The American Cancer Society has re-
ported the 5-year survival rate of HNC patients about 40%
to 50% in United States (5). This rate is affected by multiple
factors, like the stage of disease at the time of diagnosis,

treatment methods, primary tumor site, and some other
factors (6). Beside the mentioned potential risk factors,
the greatest obstacle to prolong survival rate in HNC is the
probability of recurrence of disease, which varies between
25% and 50%, depending on the location of cancer (7, 8).
Thus, to determine the risk indicators of the patients’ sur-
vival, the occurrence of the relapse should be accounted
for. Although the reasons for continued high rates of recur-
rence in HNC patients have not been identified yet, perfor-
mance status of patients, tumor stage, the location of can-
cer, and the treatment type (surgery, chemotherapy, and ra-
diotherapy) were known as the important prognostic fac-
tors for relapse (8).

Assessing prognostic factors associated with the oc-
currences of relapse and death requires especial models
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called joint frailty models. Initially, these models have
been proposed by Lancaster and Intrator (9), which in-
duced the dependence between the two rates by an unob-
served shared frailty, but various studies have shown that
the shared frailty did not apply for the two rates equiva-
lently (10-12). Rondeau et al. (12) have proposed a kind
of joint frailty model that considered a dependence be-
tween the two rates, but it was not able to deduce the ori-
gin of this dependence (the dependence between recur-
rences or the dependence between recurrent and terminal
events). Mazroui et al. (13) in 2012 have developed a general
joint frailty model for recurrent events in the presence of
a dependent terminal event with two frailty components.
These frailties distinguish between the inter-recurrences
dependence and the dependence between the two survival
end points. Also, using general joint frailty model, com-
pared to separate models for recurrent and death events,
lead to avoid biased estimations of regression coefficients.

In recent years, numerous studies have been con-
ducted to assess prognostic risk factors on survival (6, 14)
and recurrence rate of HNC patients (8, 15). According to
the literature reviewed, we found few papers investigating
the survival rate of HNC patients after recurrence (16) or
considering the recurrent event as a prognostic factor on
survival rate (17). Masoudi et al. in 2017 assessed the risk of
local and metastatic recurrence and death in HNC patients
(18). We also found no published manuscript about joint
modeling of relapse and death occurrence. Regarding the
geographical location of Iran in the second high-risk area
in the world for oral cavity cancer (3), assessing the survival
and recurrence rate of HNC in our country seems to be nec-
essary. The main focus of most studies in this field was epi-
demiological characteristics of Iranian patients and pro-
viding a map of relative risk for this cancer (19-22) and little
information is available about the survival rate of this can-
cer (23).

2. Objectives

Therefore, the present study was conducted to de-
tect prognostic factors associated with both recurrent and
death events for HNC patients in Tehran (capital of Iran).
Also, we aimed at assessing the inter-recurrences depen-
dency and the relationship between delayed disease recur-
rences and prolonged survival in HNC patients, using a
general joint frailty model.

3. Methods

This retrospective cohort study was conducted from
April 2007 to November 2013 in Tehran, the capital of Iran.

All HNC patients, who were referred to the Taleghani Hospi-
tal and diagnosed based on pathology biopsy in this period
of time, were enrolled; 179 patients were eligible according
to the inclusion criteria and nobody excluded. Data gather-
ing was done from patients’ medical records by a predeter-
mined checklist including gender, age at diagnosis (older
or younger than 50 years), smoking history, consumption
of alcohol and other opiate, wearing dentures, primary
complaint such as ulcer, swelling-mass, pain, type of can-
cer (squamous cell carcinoma [SCC] or Non-SCC), stage of
disease at diagnosis (primary [stage I & II], advanced [stage
III & IV]), clinical view at diagnosis (nasopharynx + pharynx
+ larynx, tongue and others), duration between the first
noticing symptoms and the first visit of physician (less or
more than 6 months), type of initial treatment after diag-
nosis (surgery, radiotherapy + chemotherapy and surgery
+ radiotherapy + chemotherapy), date of cancer diagnosis,
and date of recurrent events to HNC. Also, the endpoint sta-
tus (whether alive or death) of the patients was obtained by
phone interview with the permission of both the patients
and the hospital. The “alcohol use” variable was excluded
from the analysis because of a low sample size.

In this study, two interested outcomes were simulta-
neously analyzed in the joint model. First, the duration
between diagnosis time and the initial recurrence of dis-
ease or between repeated recurrences; second, the time be-
tween diagnosis and death or the end of the study. The pa-
tients with no relapse or lost to follow-up were respectively
censored for relapse and survival time.

To study the prognostic factors associated with both re-
current events and death in HNC patients, some descrip-
tive statistics were carried out such as life tables, Kaplan-
Meier curve, and log-rank test. Moreover, the general joint
frailty model was fitted to obtain unbiased estimates of
the model parameters and identify risk factors of recur-
rent events and death in HNC patients. In this model, two
proportional hazards (PH) survival models are combined:
the relapse time of HNC and the time to occurrence of
death. These two models are linked through two frailty
components (vi, ui) to distinguish the inter-recurrences de-
pendence and the dependence between two survival end-
points (occurrence of relapse or death). This model can be
written as: ri (t|ui, vi) = uivir0 (t) exp

(
β ’
1Zi (t)

)
= uiviri (t)

λi (t|ui) = uiλ0 (t) exp
(
β ’
2Zi (t)

)
= uiλi (t)

(1)

Where r0(t) and λ0(t) are the recurrent and terminal
event baseline hazard functions. In addition, β1 and β2

are the regression coefficient vectors for occurrences of re-
lapse and death associated with the covariate vector Zi(t).
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It is assumed that ui and vi are two independent frailties
with gamma distribution and variances η and θ. These
variances, respectively, indicate dependencies between re-
current times and dependence between occurrences of re-
currences and death (13). A high value of θ means strong
dependence between recurrent and death events and θ =
0 illustrates independency between death and recurrent
times. A high value of η illustrates strong dependence be-
tween recurrent events and whenη = 0, the recurrent times
for the same individual are independent of each other (13).

In this model, the assumption of hazard proportional-
ity was checked for the time of relapses and death. Then,
we fitted univariate models for every single variable and se-
lected variables with P value less than 0.3 to include in the
joint analysis (results were not shown here). After fitting
general joint, frailty model with remaining variables, the
variables with P value more than 0.3 that their elimination
leads to better fitting, were removed from the model. All
analyses were performed at 0.05 significance level, using
Stata 11 (Stata Corp, College Station, TX, USA) software and
“frailtypack”, a freely available package from the Compre-
hensive R Archive Network (CRAN).

This study was approved by the Ethics Committees of
the Shahid Beheshti University of Medical Science, Tehran,
Iran. Also, we obtained permission from the Taleghani Hos-
pital to use the data and get informed consent from all pa-
tients during follow-up by phone.

4. Results

In this retrospective cohort study, 179 HNC patients
were followed after diagnosis from 2007 to 2013. Out of 179
patients, there were 94 men (52.5%), the age of diagnosis for
100 (55.9%) patients were more than 50 years, the original
diagnosis of 133 patients were SCC (81.1%), 70 patients had
advanced stage (39.1%), and 40 patients visited physician
after passing 6 months from the first noticing symptoms
(22.4%). Among these patients, 48 (26.8%) and 22 (12.3%)
cases had consumption of smoke and other-opiate, respec-
tively. The primary complaint of 70 (39.1%), 114 (63.7%), and
145 (81.1%) patients were ulcer, swelling-mass, and pain, re-
spectively. The initial type of treatment for 103 cases was
surgery (57.5%), 32 cases were radiotherapy + chemother-
apy (17.8%), and 44 cases were surgery + radiotherapy +
chemotherapy (24.7%). The first clinical view of 59 patients
was nasopharynx + pharynx + larynx (33%), 37 patients were
tongue (20.7%), and 83 patients were others (46.4%).

The mean (SD) duration of follow-up time for patients
under study was 13.76 (19.41) months. The number of pa-
tients, who experienced 1, 2, and up to 5 relapse (s), was
64 (35.7%), 21 (11.7%), and 9 (5.1%) cases, respectively. More-
over, 28 cases of death (15.6%) occurred during the follow-

up period. As shown in Figure 1. and life tables, the survival
rate of patients with HNC in 12-, 24-, 60-, and 74-month were
94.4%, 83.1%, 55.4%, and 29.8%, respectively.
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Figure 1. Survival rate in head and neck cancer patients from the time of diagnosis
to the time of death using Kaplan-Meier curve with 95% confidence interval

Table 1 presents the median times of the HNC recur-
rence events during 74 months and means (SD) of the gap
times between recurrences of the disease. As shown in this
table, a decreasing trend can be observed in gap times from
the first to the last event, which means that the previous re-
lapse had an impact on the succeeding relapses.

Table 1. Descriptive Statistics for the HNC Event and Gap Times Between Recurrent
HNC

Recurrent Number Median Time to
Event, Month

Gap Time, Montha

1st event 94 12.99 19.70 (3.55)

2nd event 30 14.01 17.74 (3.94)

≥ 3rd event 14 22.82 14.44 (3.90)

aValues are presented as mean (SD).

The frequency and percentage of potential indicators
in patients who deceased and patients who experienced
relapse at least once are listed in Table 2. Also, the mean
(SD) of OS (overall survival) and survival at the first event
in terms of these factors are reported and compared, us-
ing the log rank test. Despite the non-significant associa-
tion between characteristics and curves of survival at the
first event, 3 variables including stage, type of treatment,
and occurrence of relapse were statistically significant in
OS curves, so that patients with primary stage and those
who underwent surgery at diagnosis had higher survival
mean than the others. Although the median of OS time was
longer in patients with relapse compared to non-relapse
patients (63.62 vs. 24.16), the number of patients, who de-
ceased in relapse group, was more than non-relapse.

Regarding the described association between the oc-
currence of relapse and death and dependence between
gap times (as shown in Table 1), general joint frailty model
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Table 2. Characteristics of HNC Patients by Overall Survival and Survival to First Event (n = 179)a

Characteristics Number
Overall Survival Survival to First Event

Number of Death Mean of
Survival

Time, Month

P Value Number of
Relapse

Mean of Survival Time at
the First Event, Month

P Value

Sex 0.452 0.852

Female 85 (47.5) 15 (17.7) 46.35 ± 4.23 42 (49.4) 18.01 ± 2.91

Male 94 (52.5) 13 (13.8) 52.88 ± 4.74 52 (55.3) 16.36 ± 2.72

Age, y 0.289 0.558

< 50 79 (44.1) 12 (15.2) 53.53 ± 4.69 46 (58.2) 18.50 ± 2.87

≥ 50 100 (55.9) 16 (16.0) 45.66 ± 4.63 48 (48.0) 15.82 ± 2.79

Type 0.667 0.635

Not SCC 46 (25.7) 9 (19.6) 53.25 ± 5.38 28 (60.9) 19.35 ± 3.65

SCC 133 (74.3) 19 (14.3) 47.71 ± 4.20 66 (49.6) 16.01 ± 2.39

Stage < 0.001 0.149

Primary 109 (60.9) 13 (11.9) 56.82 ± 3.49 64 (58.7) 18.83 ± 2.59

Advance 70 (39.1) 15 (21.4) 34.78 ± 5.76 30 (42.9) 12.94 ± 2.45

Smoke 0.239 0.380

No 131 (73.2) 23 (17.6) 47.23 ± 3.78 66 (50.4) 16.59 ± 2.38

Yes 48 (26.8) 5 (10.4) 58.69 ± 5.66 28 (58.3) 18.35 ± 3.65

Other-opiate 0.359 0.665

No 157 (87.7) 24 (15.3) 50.44 ± 3.54 87 (55.4) 17.15 ± 2.14

Yes 22 (12.3) 4 (18.2) 39.37 ± 7.66 7 (31.8) 16.16 ± 2.93

Denture 0.471 0.282

No 161 (89.9) 26 (16.1) 49.16 ± 3.64 84 (52.2) 18.02 ± 2.21

Yes 18 (10.1) 2 (11.1) 59.83 ± 7.26 10 (55.6) 10.45 ± 2.58

Ulcer 0.423 0.983

No 109 (60.9) 20 (18.3) 47.83 ± 4.11 61 (56.0) 17.48 ± 2.67

Yes 70 (39.1) 8 (11.4) 52.86 ± 5.56 33 (47.1) 16.89 ± 3.02

Swelling-mass 0.547 0.683

No 65 (36.3) 8 (12.3) 50.76 ± 5.31 32 (49.2) 17.72 ± 3.03

Yes 114 (63.7) 20 (17.5) 48.58 ± 4.22 62 (54.4) 17.06 ± 2.65

Pain 0.413 0.873

No 34 (18.9) 7 (20.6) 45.30 ± 7.46 17 (50.0) 16.81 ± 4.62

Yes 145 (81.1) 21 (14.5) 50.88 ± 3.76 77 (53.1) 17.34 ± 2.25

Treatment 0.019 0.134

Surgery 103 (57.5) 10 (9.7) 56.69 ± 4.40 47 (45.6) 20.33 ± 3.09

Radiotherapy + chemotherapy 32 (17.8) 6 (18.8) 46.67 ± 7.56 17 (53.1) 16.80 ± 4.62

Radiotherapy + chemotherapy + surgery 44 (24.7) 12 (27.3) 36.99 ± 5.17 30 (68.2) 12.61 ± 2.99

Clinical view 0.921 0.700

Other 83 (46.4) 10 (12.0) 43.72 ± 4.41 39 (47.0) 16.27 ± 2.77

Nasopharynx + pharynx + larynx 59 (33.0) 11 (18.6) 52.14 ± 5.38 35 (59.3) 16.51 ± 3.71

Tongue 37 (20.7) 7 (18.9) 47.72 ± 6.76 20 (54.1) 20.27 ± 4.31

Duration

≤ 6 month 139 (77.6) 24 (17.3) 46.48 ± 3.57 0.163 73 (82.8) 15.85 ± 2.23 0.140

> 6 month 40 (22.4) 4 (10.0) 58.97 ± 6.42 21 (38.0) 21.41 ± 4.44

Relapse 0.013 -

No 85 (47.5) 6 (7.1) 28.23 ± 4.77 - -

Yes 94 (52.5) 22 (23.4) 52.20 ± 3.49 - -

a Values are presented as No. (%) or mean ± SD.

was applied. The results of this model were shown in Ta-
ble 3; the effect of potential risk factors on recurrence rate
and death are assessed and reported in the right and left
panels, respectively. Accordingly, age older than 50 years
and advanced stage were two factors that significantly in-
creased the risk of death 2.93-fold (P = 0.014) and 3.97-fold
(P = 0.007), respectively. Based on these findings, the only
factor that significantly increased the risk of relapse was
the type of treatment, so that the risk of relapse in pa-

tients with initial treatment of surgery + radiotherapy +
chemotherapy was about two times of patients who had
only surgery (P < 0.001). According to the results of this
study, other factors including denture, other-opiate, ulcer,
swelling mass, and duration had no significant effect on
the survival or recurrence rate.

Regarding the results in Table 3, the estimate of the
frailty parameters was significantly different from zero.
The estimated η represents a small but significant inter-
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Table 3. Assessing the Effect of Various Factors on Death and Recurrence Rate Using General Joint Model

Variables
Death Recurrence

HR (95% CI) P Value HR (95% CI) P Value

Age, y

< 50 1 - - - - -

≥ 50 2.93 (1.24, 6.94) 0.014 - - -

Stage

Primary 1 - - - - -

Advanced 3.97 (1.44, 10.93) 0.007 - - -

Denture

No 1 - - - - -

Yes 0.35 (0.05, 2.44) 0.291 - - -

Other-opiate

No - - - 1 - -

Yes - - - 0.66 (0.28, 1.53) 0.330

Ulcer

No 1 - - 1 - -

Yes 3.06 (0.60, 15.61) 0.179 1.70 (0.54, 5.41) 0.367

Swelling-mass

No 1 - - 1 - -

Yes 3.02 (0.63, 14.39) 0.165 1.77 (0.55, 5.72) 0.339

Duration

≤ 6 month 1 - - 1 - -

> 6 month 0.65 (0.32, 1.29) 0.215 0.87 (0.62, 1.23) 0.428

Treatment

Surgery 1 - - 1 - -

Radiotherapy + chemotherapy 1.70 (0.49, 5.89) 0.215 1.04 (0.55, 1.97) 0.910

Radiotherapy + chemotherapy +
surgery

2.34 (0.76, 7.2) 0.403 1.97 (1.07, 3.63) 0.030

Estimate SD

Theta 0.46 0.21 0.014 - - -

Eta 0.005 0.0005 < 0.001 - - -

Abbreviations: CI, confidence interval; HR, hazard ratio.

recurrences dependence between the relapse gap times,
which means that the duration between two consecutive
relapses depends slightly on the previous duration inter-
vals. This significance is confirmed according to result of
Table 1, so that increasing the number of relapse decreases
mean gap time of consecutive relapses.

Moreover, the estimate of θ shows a significant de-
pendence between the occurrences of relapse and death,
which means that the non-observed indicator risk fac-
tors concurrently weaken or strengthen these both events.
Also, increasing the rate of recurrence increases the death
hazard.

5. Discussion

The purpose of this study was assessing the influence
of different indicators on relapses and death among HNC
patients, using a general joint frailty model. Using this
model have two important advantages. Firstly, this model

enables us to estimate the effect of explanatories on two
survival endpoints concurrently. So, we found that the age
older than 50 years and advanced stage were two signifi-
cant variables to increase the risk of death, and surgery +
radiotherapy + chemotherapy as initial treatment was the
only significant indicator that raised the risk of relapse.
Secondly, this model estimates two significant dependen-
cies between the relapse gap times and dependence be-
tween relapse and death occurrences. Accounting for these
dependencies lead to avoid biased estimations of regres-
sion coefficients compared to separate models for recur-
rent and death events.

The findings of this research presented that the 1-, 2-
, and 5-year survival rates were 94%, 83%, and 55%, respec-
tively. Also, more than half of the patients (52.5%) experi-
enced relapse at least once. Based on the report of WHO
in 2014, the 5-year survival rate for HNC patients was re-
ported about 40% to 50% (24). The findings of the current
study consistently indicated that the median of survival
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time for these patients was approximately 5 years (60.92
months). Tiwana et al. conducted a study in a Canadian
province on 1 657 HNC patients and assessed primary site
specific and long-term survival. They found that 2-, 5-, 15-,
and 25-year OS rates were 64%, 46%, 21%, and 11%, respectively
(14). Pruegsanusak et al. studied 1 186 Thai patients and
reported that the 5-year OS rate was 24.1% (6). In Nether-
lands, Braakhuis et al. reported 2-year survival rate about
72% for patients under study 25. Also, Novin et al. who
studied 119 Iranian patients, reported the 28 months OS
about 61.2% (23). Despite similarities between this research
and many other studies, some inconsistencies in survival
rate exist, too. It can be attributed to the various socioe-
conomic status of patients, which cause different access to
health care facilities in various areas. This assess may lead
to earlier/later diagnosis and treatment of cancer and, con-
sequently, more/fewer chances to survive (23, 25).

According to previous studies, the rate of recurrence
varied from 25% to 50% based on the various sites of cancer
(7, 8, 26). Sakashita et al. conducted a study in Japan and
investigated the role of initial neck dissection with node-
positive oropharyngeal squamous cell carcinomas. They
found that the recurrent or persistent regional disease for
109 patients was 36.7% at a median of 11 months after the
first therapy (27). In another study, which was conducted in
Spanish patients with squamous HNC, the researchers re-
ported the overall incidence of locoregional tumor recur-
rence about 19.9%, which had a negative impact on survival
time (17). Based on the results of the present study, 52.5%
of the patients had at least one relapse at a median of 13
months after diagnosis, which was higher than some other
researches. Also, despite the more percentage of death in
the relapse group, the median of OS time in these patients
was longer than non-relapse ones. The reason for this dis-
parity can be explained as follow; according to the previ-
ous researches, the 5-year OS rate for patients with relapse
in the primary stage was longer than the advanced stage
(83% versus 48%) (28) Moreover, many studies reported that
more than half of the cases were at an advanced stage (6,
14), while only about 39% of the patients of this study had
this condition. According to the results of this study, most
of the patients with primary stage had relapse at least once
(about 60%), and some of them died after the experience
of repeated recurrences. On the other hand, most of the
patients, who died without any relapse, were in advanced
stage and had no opportunity to relapse. Thus, despite oc-
curring more number of death in patients with relapse,
the median survival time in these patients was longer than
others.

The findings of the present research indicated that
older age and advanced stage of disease at diagnosis
caused higher risk of death on HNC patients. These find-

ings are consistent with results of most studies (6, 14).
Moreover, patients treated with surgery + radiotherapy +
chemotherapy at diagnosis had significantly higher risk
of relapse compared to surgery. This may be the result of
treatment type, which was used for different stages of the
disease. The single-modality therapy (such as surgery or ra-
diation alone) and combined therapy were allocated to pa-
tients with primary and advance stages, respectively (29).
On the other hand, the advance stage was known as an im-
portant factor to raise the risk of relapse in HNC patients
(8, 26, 30). With regard to this study, the stage of more than
two-thirds of the patients (77%) with only surgery were pri-
mary and more than half of the patients (55%) treated with
combined therapy (radiotherapy + chemotherapy, surgery
+ radiotherapy + chemotherapy) were advanced. Thus, the
high rate of relapse in patients with surgery + radiotherapy
+ chemotherapy can be due to more percentage of patients
with advanced stages in this group.

Since access to other patients in other hospital was not
possible, this study just included patients, who were re-
ferred to Taleghani Hospital. So, an important limitation
of this study was low generalizability of these results. De-
spite its limitation, this study could give a general descrip-
tion of the two survival endpoints (recurrent and death
time) and examine the effect of several potential risk fac-
tors on both these rates. Another considerable result of
the present study was measuring two significant depen-
dencies between consecutive relapses and between occur-
rences of relapse and death that were obtained, using gen-
eral joint frailty model. This model not only indicated de-
pendencies between the mentioned events, but also led
to obtaining unbiased estimates of the model parameters.
The present study seems to be the first that investigated
these both outcomes of HNC patients and factors that are
influencing them. Thus, the results of this study help bet-
ter understanding about the indicators on recurrence and
death rate and may help policymakers, who plan preven-
tive program, to early detection of patients and reducing
these rates.

5.1. Conclusion

The results of this study estimated survival and recur-
rence rates and assessed the influence of prognostic fac-
tors on both survival endpoints. We concluded that more
than half of the patients experienced relapse at least once.
The percentage of patients, who deceased in relapse group,
was more than non-relapse, but the median of OS time in
them was longer than non-relapse patients. Furthermore,
we found that age older than 50 years and advanced stage
at diagnosis had significant effect to increase the risk of
death. Although the rate of recurrence in HNC patients was
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most common, early detection can at least prevent the pre-
mature death of patients.
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