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Abstract 

Background:  We analyzed prognostic factors of hypopharyngeal carcinoma and developed a nomogram to predict 
survival rates in non-metastatic (M0) patients.

Subjects and methods:  We included 4068 hypopharyngeal carcinoma patients identified from the Surveillance, 
Epidemiology, and End Results Program database between 2004 and 2015 in a retrospective cohort study. We ana-
lyzed prognostic factors of hypopharyngeal carcinoma using cause-specific and overall survival rates. We developed a 
nomogram to predict patients’ survival rates by multivariate Cox regression.

Results:  Five-year survival rates of all stages between 2004 and 2010 were 25–35%. Radiotherapy pre- and post-
surgery was the best modality of treatment according to 1-year and 5-year survival rates. The worst survival was in the 
posterior wall of the hypopharynx significantly (HRs [95% CI], P) (1.238 [1.045–1.466], P = 0.013). The highest survival 
rate was for the combination of surgery and radiotherapy pre- and post-surgery compared to radiation pre-surgery 
(0.532 [0.231–1.225], P = 0.138). Our nomogram revealed a better predictive probability over the 6th AJCC-TNM clas-
sification for predicting 5-year overall survival.

Conclusions:  The worst survival was old age hypopharyngeal carcinoma patients, with the primary site in the 
posterior wall of the hypopharynx. The best survival was linked to receiving radiotherapy pre- and post-surgery. Our 
nomogram revealed a better predictive probability over TNM classification for predicting 1- and 5-year overall survival, 
which enables clinicians to make better treatment recommendations.
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Background
Carcinoma of the hypopharynx, particularly squamous 
cell carcinoma (SCC), has a poor prognosis, especially 
of the SCC type, which shows the worst among all head 
and neck (H&N) subtypes [1]. The surgical management 
of this type of cancer is difficult, besides being function-
ally debilitating [2]. However, there are various treatment 

options for hypopharyngeal cancer (HC) patients includ-
ing radiotherapy or surgery alone or in combination 
with chemotherapy [3]. HCs, which account for 6.5% 
of all H&N cancers, are considered rare with an esti-
mated global incidence of 0.8 to 5/100,000 population/
year [1, 4, 5]. Five-year survival rates of HC increased 
significantly from 28 to 34% in years of 1991–2000 and 
2001–2010, respectively [6]. Mortality rate is reported to 
occur in about 6% of whole hospital records in surgically 
treated patients [7]. On the other hand, another report 
stated that mortality rates increased from 0.81 to 0.95 
(per 100,000) in 1989 and 2013, respectively [6]. Another 
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cause for that is the occurrence of second primary malig-
nancies (SPM) either simultaneously or after identifi-
cation of a primary lesion [8]. Knowledge of prognostic 
factors is essential for clinicians in classifying patients 
thereby influencing treatment plans and patients’ out-
comes. The absence of an agreement on the best treat-
ment option for HC shows the urgent need for a clear 
prognostic tool for oncologists to help in making more 
evidence-based decisions about treatment [9]. To date, 
there are no prediction data available to estimate the role 
of most prognostic factors on overall survival outcome in 
HC patients. Therefore, we aimed to conduct this study 
to determine significance of reported prognostic factors 
in literature as well as to estimate their survival impact 
individually. Moreover, we aimed to develop a more prac-
tical, effective, and valid nomogram for estimating overall 
survival (OS) in HC patients in order to assist clinicians 
in predicting patients’ survival rate and evaluating the 
best treatment option for each patient.

Methods
Ethical consideration
Ethical approval was retrieved from the Surveillance, Epi-
demiology, and End Results Program (SEER) database in 
which it granted us access to the detailed patient data of 
the SEER register [10].

As the predictive ability of the sixth American Joint 
Committee on Cancer (AJCC)-TNM staging classifica-
tion was based on the data of patients diagnosed with HC 
starting from 2004, the SEER [10] database was searched 
from 2004 to 2015. Finally, in a total of 4068 HC patients 
with squamous cell carcinoma, data were extracted from 
the SEER database according to our inclusion criteria. 
SEER registries contain data from 18 different geographi-
cal regions and are known to be representative of 30% 
of the United States of America (USA) population. We, 
therefore, analyzed the 1-year and 5-year survival data 
in patients diagnosed with HC. All cases with histo-
pathologically confirmed HC-SCC type, histology recode 
(8050-8089), and active follow-up were included. We 
excluded patients with an unknown death certificate or 
with primary tumors other than HC unless HC was the 
first occurring malignant lesion.

Outcomes and predictors
The survival time (in months) was our primary out-
come in this study. HC patients were followed up over 
the inclusion period and their vital status was recorded 
as dead or alive. The survival rates were then calculated 
for all-cause and cancer-specific mortality. The evaluated 
predictors were age, sex, race, primary site, clinical stag-
ing (Derived SS2000), TNM staging (AJCC 6th edition), 
and treatment modalities (surgery and radiotherapy with 

its sequence with surgery and chemotherapy). The pri-
mary sites of the HC were defined as pyriform sinus (Ps), 
post-cricoid (Pc), aryepiglottic fold (Af), posterior wall of 
the hypopharynx (Ph), overlapping lesions (Ol), and not 
otherwise specified (NOS).

Statistical analysis
We used uni- and multivariable Cox proportional hazard 
models to find relationships between patients’ character-
istics and survival rates. We then developed a prediction 
nomogram model, to predict 1- and 5-year OS probabil-
ity. The development and validation of the nomogram 
were conducted according to the TRIPOD (transparent 
reporting of a multivariable prediction model for indi-
vidual prognosis or diagnosis) statement [11] as shown in 
Supplementary Table 1.

Construction and validation of the nomogram 
for predicting survival in M0 hypopharyngeal carcinoma
We used “missForest” for imputation of missing data in 
SEER [12]. It is a random forest that produces imputed 
dataset without the need for testing data or performing 
cross-validations to infer missing data. It is also worth 
noting that there were other missing variables (radiation 
and chemotherapy), in which we did not make imputa-
tions, as unknown data were mixed with other data. 
Using SPSS 24.0 [13] for Windows, categorical variables 
were grouped and then assessed using the χ2 test or Fish-
er’s exact test. We then used SPSS 24.0 (spilt function) to 
randomly assign 67% of the patients to the training set 
and 33% to the validation set. We calculated OS from the 
date of diagnosis. Covariates with statistical significance 
(P value < 0.05) were entered into the Cox regression 
model for multivariable analysis. The nomogram rep-
resenting the 1-year OS and 5-year OS was formulated 
using survival [14, 15], root mean square (RMS) [16], 
and survival ROC packages [17]. The model was assessed 
with discrimination and calibration. Discrimination value 
(which indicates the random chance to a perfect ability to 
accurately discriminate between the model and outcome) 
ranges from 0.5 (poor discrimination) to 1.0 (perfect dis-
crimination). The nomogram’s predicted probabilities 
were then compared to the actual probabilities for cali-
bration. The calibration was estimated using bootstrap-
adjusted C-index with 2000 resamples in the training 
group (internal validation). We also performed a receiver 
operating characteristic (ROC) analysis for censored sur-
vival data to estimate the area under the curve (AUC) for 
a better assessment of the accuracy of the model [18]. 
Due to the importance of independent validation, the 
discrimination power, calibration, and AUC were also 
checked for the validation group and compared with the 
training group. Additionally, using the quartiles of the 
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nomogram total points, we divided the patients of the 
training set into four groups. The median survival time 
(MST) of each group was then plotted using the Kaplan-
Meier survival curve and all curves were compared to 
each other using the log-rank test.

Results
Patients’ characteristics
Table  1 shows patients’ characteristics for all analytic 
samples (4068). According to HC primary sites, 52.8% of 
the patients had their cancer in the PS. The average age 
of the whole population was 62 years. According to 6th 
AJCC staging, most patients were in stage IVA (45%). 
Around 79% of patients received radiotherapy, 70% 
received chemotherapy, and 19% undergo surgery. At the 
study cutoff, 67% of the patients were dead, with 50.7% of 
the death cases being caused by this cancer, specifically.

1‑year and 5‑year survival rates across the follow‑up period
For the 5-year survival rates of the whole sample popula-
tion over the years between 2004 and 2010, the survival 
rates were between 25% and 35% and were similar over 
the years (Supplementary Fig.  1). One-year and 5-year 
survival rates were estimated across various treatment 
modalities (Fig. 1). The combination of surgery and radi-
otherapy (pre- and post-surgery) had the highest survival 
rates, followed by pre-surgical radiation. Survival rates 
by primary site were quite similar but somewhat Pc site 
was a bit better in terms of survival rates than other sites 
(Fig. 2).

Survival analysis
The results of univariable and multivariable Cox propor-
tional hazard models are shown in Table 2. According to 
primary sites of HC, Ph indicated the worst survival com-
pared to PS with the highest HRs (1.238 [1.045–1.466], P 
= 0.013) (Table and Fig. 2). An increase in each stage of 
T, N, and AJCC was associated with increasing the haz-
ards of death (Supplementary Figs. 2 and 3). According to 
treatment modalities, surgery combined with radiother-
apy (pre- and post-surgery) had significantly better sur-
vival compared to pre-surgical radiation with HRs (0.532 
[0.231–1.225], P = 0.138) (Supplementary Table 2). The 
results of comparing each combination of T, N, and M 
stage in each stage of stage 3, 4A, and 4B (Supplemen-
tary Fig.  4) are as follows: In stage 3, the multivariable 
Cox revealed significantly higher hazards of T3/N0/M0 
and T3/N1/M0 compared to T1/N1/M0 with HRs (1.644 
[1.114–2.426], P = 0.012) and (1.547 [1.033–2.316], P = 
0.034), respectively. In stage 4A, all the combinations of 
T2, T3, and T4a revealed higher hazards compared to 
T1/N2/M0, whereas T4a/N2/M0 predicted the worst 
association with mortality with HRs (2.216 [1.684–2.915], 

Table 1  Demographic, clinic pathologic, and therapeutic 
features of 4068 patients across all selected primary sites

Characteristic All patients (N = 4068), n (%)

Age at diagnosis, median (IQR) 62.0 (55.8, 70.0)

Gender, n (%)

  Male 3346 (82.3%)

  Female 722 (17.7%)

Year of diagnosis, median (IQR) 2009 (2006, 2012)

Race

  White 3064 (75.3%)

  Black 738 (18.1%)

  Others 266 (6.5%)

Marital status

  Married 1845 (45.4%)

  Single 1000 (24.6%)

  Divorced/separated 677 (16.6%)

  Widowed 380 (9.3%)

  Unknown 166 (4.1%)

Primary site

  Pyriform sinus 2146 (52.8%)

  Post-cricoid region 106 (2.6%)

  Aryepiglottic fold 280 (6.9%)

  Posterior wall of the hypopharynx 264 (6.5%)

  Overlapping lesion 139 (3.4%)

  Not otherwise specified 1133 (27.9%)

Stage (6th AJCC)

  I 131 (3.2%)

  II 402 (9.9%)

  III 678 (16.7%)

  IVB 465 (11.4%)

  IVC 352 (8.7%)

  IVNOS 208 (5.1%)

T stage

  T0 5 (0.1%)

  T1 370 (9.1%)

  T2 1378 (33.9%)

  T3 724 (17.8%)

  T4 1407 (34.6%)

  TX 184 (4.5%)

N stage

  N0 1018 (25.0%)

  N1 851 (20.9%)

  N2 1900 (46.7%)

  N3 250 (6.1%)

  NX 49 (1.2%)

M stage
  M0 3639 (89.5%)

  M1 352 (8.7%)

  MX 77 (1.9%)

Laterality
  Unilateral 642 (15.8%)

  Bilateral 7 (0.2%)
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P < 0.001). Within stage 4B, the three combinations of 
T4b/N3/M0, T3/N3/M0, and T4a/N3/M0 had higher 
hazards of mortality as compared to T1/N3/M0, with 
HRs (3.736 [1.726–8.088], P < 0.001), (2.571 [1.248–
5.297], P = 0.010), and (2.372 [1.129–4.985], P = 0.023), 
respectively (Supplementary Table 3).

Except for gender, all factors indicated variable 
degrees of significant association with HC death in 
both all-cause and cancer-specific mortality. Advanced 
ages increased significantly predicted mortality (hazard 

ratios [95% confidence interval], P value) (HRs [95% 
CI], P) (HRs 1.023, 95% CIs [1.019–1.028], P < 0.001). 
Patients in black races had a significant association 
with mortality as compared to whites with HRs (1.341 
[1.206–1.492], P < 0.001) (Supplementary Fig.  2). No 
significant differences in survival were noted regard-
ing gender. As compared to married HC patients, all 
patients who were divorced, single, and widowed had 
significantly higher mortality compared to married HC 
patients (Table 2).

Nomogram prediction model’s results and its validation
A total of 3639 patients with non-metastatic (M0) HC 
were eligible for final analysis. We assigned 2547 (70%) 
patients to the training set and 1092 (30%) to the valida-
tion set. The demographic, clinicopathologic, and thera-
peutic features of patients in the training and validation 
sets are summarized in Supplementary Table 4.

Using the data from the training set, we identified 
some independent prognostic factors which were used 
to build the model. Variables that were considered sig-
nificant in the univariable Cox analysis were entered into 
the multivariable analysis: age, race, primary site, grade, 
T, N, surgery, radiation, and chemotherapy, and fur-
therly incorporated into the nomogram (Supplementary 
Table 4).

Using the previously mentioned variables, scores were 
created on the point scale. By adding up the total score 
to get the total point scale, we could draw a straight line 
down to determine the estimated 1-year and 5-year OS 
probability (Fig. 3).

The calibration plot, based on the data from the train-
ing and validation sets (Supplementary Fig.  5A-C) for 
the probability of 5-year OS, indicated a good agreement 
between the predicted nomogram and actual observa-
tion. The nomogram was found to have a C-index of 
0.696 compared to the 6th AJCC-TNM classification’s 
score of 0.587 (P < 0.01) for predicting the 5-year OS. 
Regarding the validation set, the C-index was 0.687 in 
comparison to 0.609 of the AJCC-TNM classification (P < 
0.01). The nomogram revealed prognostic accuracy with 
ROC-AUC at 0.690 and 0.698 in the training and valida-
tion sets, respectively (Supplementary Figure 5B-D).

As regards stratifying the risk of patients, MST was 11 
months (95% CI, 10 to 13 months), 31 months (95% CI, 
26 to 40 months), 56 months (95% CI, 41 to 83 months), 
and 120 months (95% CI, 96 to 150 months) based on 
quartiles of the nomogram’s total points (lowest to 114, 
114 to 124, 124 to 134, 134 to highest), respectively, with 
significant difference among groups (P value < 0.0001) 
(Supplementary Fig. 6).

Table 1  (continued)

Characteristic All patients (N = 4068), n (%)

  Paired 3 (0.1%)

  Unpaired 3416 (84.0%)

Grade
  Well differentiated; grade I 157 (3.9%)

  Moderately differentiated; grade II 1695 (41.7%)

  Poorly differentiated; grade III 1359 (33.4%)

  Undifferentiated; anaplastic; grade IV 45 (1.1%)

  Unknown 812 (20.0%)

Laterality
  Unilateral 642 (15.8%)

  Bilateral 7 (0.2%)

  Unpaired 3416 (84.0%)

  Paired 3 (0.1%)

Months of follow-up, median (IQR) 17.0 (7.0, 42.0)

SEER cause-specific death
  No 2005 (49.3%)

  Yes 2063 (50.7%)

Vital status at study cutoff
  Alive 1344 (33.0%)

  Death 2724 (67.0%)

Radiation
  Performed 3222 (79.2%)

  No/unknown 846 (20.8%)

Surgery
  Performed 759 (18.7%)

  Not performed 3266 (80.3%)

  Unknown 43 (1.1%)

Chemotherapy
  Performed 2830 (69.6%)

  No/unknown 1238 (30.4%)

Radiation sequence
  Pre-surgery 109 (2.7%)

  Post-surgery 930 (22.9%)

  Pre- and post-surgery 16 (0.4%)

  Others 3013 (74.1%)

NOS, not otherwise specified; SD, standard deviation; IQR, interquartile range; 
AJCC, American Joint Committee on Cancer. Age represented in years. Bold, 
significant P value < 0.05
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Discussion
Our population had a 5-year OS rate of 25–35%, which 
is comparable to results of other reports where OS rates 
ranged from 10 to 60% [19, 20]. Another study reported 
survival rates staging from I to IV to be 100%, 66.6%, 
53.9%, and 33.3%, respectively [21]. Such low survival 
rates in our analysis could be related to late presentation 
with loco-regionally advanced disease and high number 
of patients having nodal metastasis at the time of diag-
nosis, which goes in line with previously published lit-
erature [19, 20]. Although optimal treatment for early 
HC-SCC has not yet been established, treatment options 
have included surgery and radiotherapy with or without 
chemotherapy.

Radiotherapy and surgery may have been the treatment 
of choice in terms of functional preservation. Surgery 
alone was reserved for early disease, while surgery fol-
lowed by radiotherapy is the treatment of choice in HCs 
when there was cartilage involvement or when there is an 
external spread of the disease (T4a). Kim et al. found that 
the combination of surgery and postoperative radiother-
apy was superior to radiotherapy alone in terms of both 
overall and disease-free survival rates [22]. The results of 

a phase III clinical study by the Radiation Therapy Oncol-
ogy Group showed that postoperative radiation provides 
better loco-regional control over preoperative radiother-
apy; however, absolute survival did not change between 
both arms [23]. Surprisingly, after 2 years, distant metas-
tases and secondary primaries became the main failure 
pattern, especially in the postoperative radiotherapy arm, 
which leads to an increase in the number of unrelated 
deaths.

Therefore, we investigated other treatment options. 
Interestingly, in our study, we found that radiother-
apy (combined pre- and postoperative radiotherapy), 
when given in conjunction with surgery, showed 
superiority over preoperative radiotherapy alone as 
regards 1-year and 5-year survival rates. Even though 
two previous SEER reports on treatment options in 
HC lacked data related to chemotherapy [24, 25], we 
investigated the clinical significance of adding chem-
otherapy to the treatment regimen and slightly better 
survival rates were observed in the chemotherapy + 
surgery+ radiotherapy arm than in the surgery and 
radiotherapy arm. The literature shows quite contra-
dictory findings in terms of survival, where Pingree 

Fig. 1  One- and 5-year survival rates by treatment modality and primary site. Note: C12.9, pyriform sinus; C13.0, post-cricoid region; C13.1, 
aryepiglottic fold; C13.2, posterior wall of the hypopharynx; C13.8, overlapping lesion; C13.9, not otherwise specified
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et al. [26] found that surgery alone resulted in better 
survival than the combination of surgery and radio-
therapy findings, while another study reported high 
survival rates in favor of combined therapy [27]. This 
is probably due to the recruitment of cases with bet-
ter intrinsic prognosis. The impact of chemotherapy 
on overall survival remains debatable, where some 
studies revealed better outcomes when it is com-
bined with surgery and radiotherapy than without 
surgery [28, 29]. This goes in line with our results, 
which showed that surgery combined with radio- and 
chemotherapy resulted in a very good 1-year survival 
rate of nearly 80% and 5-year survival rate of nearly 
30–40%. A similar observation was noted when 
chemotherapy is given first followed by preoperative 
radiotherapy and finally surgery [30].

In concordance with other studies, we demonstrated 
no significant difference based on gender [31, 32].

Moreover, our analysis indicated that marriage was 
associated with better survival accounting for a protec-
tive impact, which was documented in many cancer 
types [33, 34].

Our results also revealed that the black race poses a 
higher risk of mortality compared to other races. The 
higher HRs of ACM in blacks were hypothesized to 
be strongly associated with comorbidity as a major 

contributing factor, and second primary malignancy 
could have played a role [35]. Carvahal suggested that 
blacks tended to have a higher risk of death based on 
the complexity related to their health access and social 
determinants [36].

Nomograms, considered as a graphical representa-
tion of prediction models, allow oncologists to combine 
various prognosticators to be able to predict prognosis 
and assess the risk of death with more precision [37, 
38]. Lately, a nomogram with a validated high accuracy 
has been developed to help oncologists predict the site 
of origin of SCC confined to cervical LNs according 
to several predictors [39]. In the new era, nomograms 
have been widely used as prognostic models, where it 
enables the integration of personalized medicine into 
clinical practice and individualized prediction of clini-
cal events [37, 40].

The nomogram that we have developed to pre-
dict 5-year survival rates of patients who were diag-
nosed with non-metastatic HC was validated showing 
good discrimination and predictive ability with a good 
C-index of 0.696. It is user-friendly, not only for oncolo-
gists but also for patients and their families. So basically, 
the larger the C-index (as you move to the right), the 
better the prognosis. Oncologists could use it to predict 
the survival rate based on given datasets of variables. It 

Fig. 2  All-cause and cancer-specific radiation sequence with surgery and primary site. Note: C12.9, pyriform sinus; C13.0, post-cricoid region; C13.1, 
aryepiglottic fold; C13.2, posterior wall of the hypopharynx; C13.8, overlapping lesion; C13.9, not otherwise specified
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could be interpreted backward by patients to decide the 
most appropriate treatment based on the prognostica-
tors presented in the nomogram. So, a black patient < 
60 years of age with localized HC in the Pc area and a 
well-differentiated tumor with T1 N0 stage, who under-
went the combined therapy of surgery, radiotherapy, 
and chemotherapy or surgery with radiotherapy, gets a 
total of 100 nomogram points and his/her 5-year sur-
vival probability is calculated to be 0.80. It is notewor-
thy that patients who have a bad prognosis according to 
this predictive model are not necessarily unfit for sur-
gery and radiation. Our nomogram was validated inter-
nally with AUC (0.694), where these results reflect good 
concordance and favorable goodness of fit [41].

Our study has a few limitations, SEER is based on 
individual physician reporting and does not report 
comorbidity data. Even though it reports data repre-
senting national patterns of cancer care, having a large 
population base, the data is also subjected to incon-
sistencies. Finally, our model might lack the presence 
of other prognostic variables that were not present 
in the SEER database such as smoking but it showed 
good fitness according to the present prognostic vari-
ables. Despite these limitations, we were keen to con-
centrate on the following points, which helped us to 
improve our results.

Our nomogram exhibited superiority over TNM clas-
sification in both training and validation groups (P < 
0.01). The SEER database is comprised of 18 registries 
covering many hospitals and nearly 30% of the total 
population across the USA, so heterogeneity of the data 
allowed our model to be broadly used for decision-mak-
ing in clinical practice by both oncologists and patients. 
No previous SEER study combined all clinical prognos-
ticators especially chemotherapy—which affects treat-
ment—and analyzed them to predict OS, ACM, and 
CSM. Also, previous SEER studies did not incorporate 
or detect the prognosis of specific TNM staging subdivi-
sions that are referenced in the American Cancer Soci-
ety site. The last two SEER studies conducted on HC 
included only patients till 2003 and 2008; however, in 
our case, we gained access to patients’ data in the SEER 
database till 2015. This has helped us include all updated 
cutoff points—dead/alive—of patients, which made our 
results more dependable, more reliable, and more valid.

Conclusions
Patients with hypopharyngeal carcinoma, older 
age, and primary site in the posterior wall of the 
hypopharynx resulted in worse survival compared to 
younger age and pyriform sinus. The combination of 
surgery and radiotherapy (pre- and post-surgery) was 

Fig. 3  Clinical nomogram of the training group for non-metastatic HC patient stages. Abbreviations: Ps, pyriform sinus; Pc, post-cricoid; Af, 
aryepiglottic fold; Ph, posterior wall of hypopharynx; Ol, overlapping lesions; NOS, not otherwise specified
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associated with improved survival compared to pre-
surgical radiation alone. Our validated nomogram 
exhibits a good degree of applicability and accuracy, 
making it highly effective in assisting clinicians in 
making more precise survival evaluations based on 
available treatment modalities.
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