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Abstract

Objectives: To characterize the incidence proportions and survival probability of patients with hypo-pharyngeal cancer and lung

metastases. Design: Secondary data analysis Setting: The Surveillance, Epidemiology, and End Results (SEER) database of the

National Cancer Institute. Participants: We identified 2814 adult patients diagnosed with hypo-pharyngeal cancer between 2010

and 2014 for whom the status of lung metastases was known. Patients with an unknown follow-up were excluded; leaving 2714

patients in this cohort. Main outcome measures: Multivariable logistic and Cox regression models were performed to identify

the risk factors associated with the presence of lung metastases at diagnosis and five-year all-cause mortality respectively.

Results: We identified 128 patients with lung metastases at the time of diagnosis of hypo-pharyngeal cancer, representing 4.7%

of the entire cohort. Females were less likely to have lung metastases (15, 11.7%)(P=0.037). Incidences of lung metastases was

higher among patients with histological grade III/IV (56, 43.8%)(P<0.001). Patients with lung metastases had a larger tumor

size(49.9690.25mm, P <0.001). For each 10 mm increase in tumor size, the odds of having lung metastases increased by 6.6%.

Patients with lung metastases had a shorter survival time(HR:3.05, 95% CI:2.17-4.28, P<0.001). For age, tumor size increase

and black study subjects were also significantly associated with a shorter survival time. Conclusion: Our study provides insight

into the epidemiology of lung metastases in patients with hypo-pharyngeal cancer. When the tumor is diagnosed, we should

pay close attention to the sex, race, tumor size and histological grade in order to quickly detect the distant metastases.

Lung Metastases in Newly Diagnosed Hypo-pharyngeal Cancer: A Population-Based Study

Abstract

Objectives: To characterize the incidence proportions and survival probability of patients with hypo-
pharyngeal cancer and lung metastases.

Design: Secondary data analysis

Setting: The Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Insti-
tute.

Participants: We identified 2814 adult patients diagnosed with hypo-pharyngeal cancer between 2010 and
2014 for whom the status of lung metastases was known. Patients with an unknown follow-up were excluded;
leaving 2714 patients in this cohort.

Main outcome measures: Multivariable logistic and Cox regression models were performed to identify
the risk factors associated with the presence of lung metastases at diagnosis and five-year all-cause mortality
respectively.

Results: We identified 128 patients with lung metastases at the time of diagnosis of hypo-pharyngeal can-
cer, representing 4.7% of the entire cohort. Females were less likely to have lung metastases (15, 11.7%)(P
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=0.037). Incidences of lung metastases was higher among patients with histological grade III/IV (56,
43.8%)(P <0.001). Patients with lung metastases had a larger tumor size(49.96±90.25mm, P <0.001).
For each 10 mm increase in tumor size, the odds of having lung metastases increased by 6.6%. Patients
with lung metastases had a shorter survival time(HR:3.05, 95% CI:2.17-4.28, P <0.001). For age, tumor size
increase and black study subjects were also significantly associated with a shorter survival time.

Conclusion: Our study provides insight into the epidemiology of lung metastases in patients with hypo-
pharyngeal cancer. When the tumor is diagnosed, we should pay close attention to the sex, race, tumor size
and histological grade in order to quickly detect the distant metastases.

Key Words: hypo-pharyngeal cancer; lung metastases; SEER

Key Points:

1. Regional metastases in hypo-pharyngeal cancer such as lymphatic metastases are easy to be found
at the time of tumor diagnosed. Though there is a high incidence rate of lymphatic metastases; the
detection of distant metastases is still rare in hypo-pharyngeal carcinoma.

2. Only 8.5% patients were observed to have distant metastases in head and neck squamous cell carci-
noma. Among them, 16.3% of the patients suffered from hypo-pharyngeal carcinoma. Although distant
metastases in hypo-pharyngeal carcinoma are not common, they play an important role.

3. Population-level estimates for prognosis among patients including newly diagnosed hypo-pharyngeal
carcinoma and lung metastases or other organs’ metastases are extremely rare.

4. Our study provides insight into the epidemiology of lung metastases in patients with newly diagnosed
hypo-pharyngeal cancer.

5. When the tumor is diagnosed, we should pay close attention to the sex, race, tumor size and histological
grade in order to quickly detect the distant metastases.

Introduction

Hypo-pharyngeal carcinoma is often difficult to be diagnosed in its early stages because of its occulted
incidence site. Regional metastases such as lymphatic metastases are easy to be found at the time of
tumor diagnosed1. Though there is a high incidence rate of lymphatic metastases; the detection of distant
metastases is still rare in hypo-pharyngeal carcinoma.

Only 8.5% patients were observed to have distant metastases in head and neck squamous cell carcinoma.
Among them, 16.3% of the patients suffered from hypo-pharyngeal carcinoma. The metastatic organs are
relatively limited as reported: the lungs (77 %), bone (19 %), mediastinal and other lymph nodes (4 %), as
well as the brain, liver1,2. Although distant metastases in hypo-pharyngeal carcinoma are not common, they
play an important role. Lymphatic metastases are most often the cause of mortality due to hypo-pharyngeal
carcinoma1.

Population-level estimates for prognosis among patients including newly diagnosed hypo-pharyngeal carci-
noma and lung metastases or other organs’ metastases are extremely rare, however the incidence of lung
metastases or other organ metastases combined with hypo-pharyngeal carcinoma occurs less frequently than
newly diagnosed hypo-pharyngeal carcinoma. Data was sourced from a single institution or case report.
The purpose of this study was to use the Surveillance, Epidemiology, and End Results (SEER) database to
characterize the incidence of lung metastases among patients with hypo-pharyngeal cancer on a population-
based level. We also quantified survival estimates and assessed other potential risk factors that influence
survival among patients with hypo-pharyngeal cancer and lung metastases present at the time diagnosis.

Methods

Study design and study population

The SEER database is a premier source for cancer statistics in the US; it includes information on cancer
incidence, treatment, and survival for approximately 30% of the US population. Information on the status
of lung metastases in hypo-pharyngeal cancer from 2010 to 2014 at the time of initial cancer diagnosis was

2
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released in 2017. By using the SEER database, 2833 patients aged 20 years or older who were diagnosed
with hypo-pharyngeal cancer between January 1, 2010, and December 31, 2014 were identified. Patients
whose lung metastases status at time of diagnosis was either unknown or not applicable, or patients who
didn’t schedule a follow-up appointment were excluded, eventually leaving 2714 patients in the final cohort.

Reporting guideline: Secondary data analysis

Statistical analysis

A descriptive analysis was performed. Mean/standard deviation & median/ interquartile range or frequency
& percentage were reported for continuous and categorical variables respectively. Comparisons of demo-
graphic and clinical characteristics by lung metastases status were conducted using Pearson Chi-square and
Wilcoxon rank-sum tests appropriately.

The incidence of lung metastases among hypo-pharyngeal cancer patients was defined as the number of
hypo-pharyngeal cancer patients diagnosed with lung metastases divided by the total number of patients
with hypo-pharyngeal cancer. The 95%CI of incidences was reported using the Wilson method. We also
calculated incidences along with 95%CIs by age group, race, sex, histological grade, AJCC stage, tumor size
by groups, metastases, and primary site.

A multivariable logistic regression model was conducted to evaluate the association between lung metastases
and age, race, sex, histological grade, tumor size and primary site where both age and tumor size were
treated as continuous covariates. Presence of bone, brain, or liver metastases at the time of cancer diagnosis
is available in the SEER database and was used to characterize the extent of systemic disease among patients
in this study.

In addition we performed a multivariable Cox Proportional Hazards regression model to estimate survival
time between patients with or without lung metastases during a five year follow-up period while controlling
for the covariates listed above. Subjects who died of other non- hypo-pharyngeal cancers and those who lost
follow-up were censored.

Almost 35% of patients were missing tumor sizes; as a result multiple imputation with 100 imputed datasets
was performed. The results of these models with or without multiple imputation were consistent and complete
case model results were reported.

All statistical analyses were performed using STATA statistical software, Version 16.0 (College Station, TX)
and R version 3.5.0. Statistical significance was defined as two-sided alpha level at 5%.

This study was approved by the institutional review board at Zhongshan Hospital of Fudan University;
written and informed consent was waived.

Results

2833 patients who were diagnosed with a hypo-pharyngeal cancer between January 1, 2010, and December
31, 2014 were identified. Patients whose lung metastases status at diagnosis were unknown, not applicable
or patients who didn’t record follow-up times were excluded; leaving 2714 patients in the final cohort. The
median age was 64 years (IQR: 57 to 73 years), 81.2% were men, the majority race was Caucasian (69.5%) and
the median follow-up time was 12 months (IQR: 5 to 26 months). Among them, 48.8% of patients’ tumors
occurred in the pyriform sinus, while 51.2% patients were in the post-cricoid region and posterior wall of the
pharynx. The median tumor size was 30mm (IQR: 21 to 44mm), and categorized into three groups: < 10
mm(1.7%), 10-30mm(31.2%), and >30mm(32.2%). 171 patients were identified to have metastases at least
in one site, such as lung (128, 4.7%), liver (28, 1.0%), bone (46, 1.7%) or brain (7, 0.3%). Among the entire
cohort, most of the patients were grade II/III(1053,38.8% / 884 ,32.6%)(Table 1).

Incidence of lung metastases

Of the 2714 test patients, 171 were identified to have distant metastases, of which 128 patients had
lung metastases. Females were less likely to have lung metastases(15, 11.7%) compared to male patients

3
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(P =0.037). Patients with lung metastases had larger tumor sizes (49.96±90.25mm) than the patients
without(35.06±23.16mm,P <0.001). Tumors of grade III/IV were more likely to have lung metastases(56,
43.8%) than those with grade I/II (P <0.001). Less follow-up time(8.92±10.31,P <0.001) and higher mor-
tality due to the first tumor (74, 57.8%)( P <0.001) was seen in patients with lung metastases. Age, race and
primary tumor site was not significantly associated with lung metastases. Interestingly, patients with lung
metastases were quite likely to have more than two organs with distant metastases(31, 24.2%)(P <0.001)
(Table 1). The detailed incidence rates of lung metastases showed in Table 2.

Upon multivariable logistic regression (Table 3) among the entire cohort, females versus males’ odds ratio
(0.4, 95% CI: 0.17-0.93,P <0.001) was associated with significantly less odds of having lung metastases
at diagnosis. Black and Hispanic people seem to incur a higher rate of lung metastases than other races
(OR:1.91, 95% CI: 1.03-3.53, P =0.04; OR:2.31, 95% CI:1.16-4.62,P =0.018). Greater tumor sizes resulted in
greater odds of lung metastases(OR :1.01, 95% CI: 1.00-1.01, P =0.01) among entire cohort. For each10 mm
increase in tumor size, the odds of having lung metastases increases by 6.6%, controlling for other covariates.
The predicted probability of lung metastases increased when tumor size increased (Figure 1).

Survival

Upon multivariable Cox regression for all causes of mortality among the entire cohort, patients with lung
metastases had a shorter survival time than those without lung metastases(HR:3.05, 95% CI:2.17-4.28,P
<0.001). The variables: age (HR:1.01, 95% CI: 1.29-3.67, P = 0.024), Tumor size increase (HR:1.00, 95%
CI: 1.00-1.01, P <0.001), and race (African Americans) (HR:1.89, 95% CI:1.49-2.40, P <0.001) were also
significantly associated with a shorter survival time. Tumors located in the pyriform sinus(HR:0.83, 95%
CI:0.69-1.00, P =0.048) indicates a longer survival time. (Table 4)

Patients in the survival cohort with hypo-pharyngeal cancer with or without lung metastases at diagnosis
had a 5 year follow-up. After adjusting for sex, age, primary site of tumor and tumor size, the 5 year survival
probability and cumulative mortality of patients with lung metastases was 20% and 80% respectively; the
patients without lung metastases had 5 year survival probabilities and cumulative mortality rates of 60%
and 40%(Figure 2). These results are consistent with the results of the cox regression. African Americans
had a high cumulative mortality of 60%, while white people only had a rate of 40%(Figure 3). The tumors’
primary site of patient didn’t display a significant difference in cumulative mortality (Figure 3).

Discussion

In this study, the incidence of lung metastases among patients with newly diagnosed hypo-pharyngeal cancer
was calculated. We found that there was no significant difference in the incidence of lung metastases in the
primary site of the tumor. Unsurprisingly, females were less likely to have lung metastases. Since many of the
female patients’ lung metastases status at diagnosis was unknown, not applicable or did not record follow-up
times and these patients were excluded, the true incidence of lung metastases in female patients with hypo-
pharyngeal cancer is likely underestimated by the results of this study. In addition, we are pleased to report
for the first time that for each 10 mm increase in tumor size, the odds of having lung metastases increases
by 6.6%. This result may allow us to further predict the probability of lung metastases based on tumor size.
High histological grade III/IV had the highest incidence of lung metastases in this study and was consistent
with the common knowledge. Moreover, we discovered that patients with lung metastases were more likely
to have other metastases. This suggests that when we find lung metastases, we should perform further tests
such as: MRI, B-ultrasound and bone scan to exclude the possibility of other metastases. The development
of PET-CT makes finding other metastases sites such as the aforementioned ones, much simpler.

Since hypo-pharyngeal cancer has a relatively lower incidence rate, research is scant on the topic of lung
metastases of this cancer. Even research on head and neck squamous cell cancer is rare. Ampil, et al3.
reported 37 patients with treated head and neck cancer had lung metastases, but did not mention the
incidence rate. Marc Mareel, et al 4reported incidences of lung metastases in head and neck cancer patients
at 10.8% of all the studied patients and 78% of all distant metastasis patients. They also found that the
prevalence of distant metastases in hypo-pharyngeal cancer was 20.5%. This result was somewhat different

4
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from our study. The incidence of lung metastases in the Mareel study was only 4.7% of all the studied
patients and the incidence of all distant metastases was 6.3% in this study. This discrepancy may be
because the Mareel study only sampled from a single center’s study and did not focus on hypo-pharyngeal
cancer. Our study using SEER data includes approximately 30% of the United States population, the
incidence proportions we describe are highly generalizable and more likely to be reflective of the population
compared to previously published data focused primarily on patients treated at academic cancer centers.
Macherey, et al5. performed a meta-analysis/review of all papers published between 2000 and 2014; they
found lung metastases develop in 1.9-13% of head and neck cancer patients. The results of our study seem
agree with Macherey’s findings.

The study conducted by Marc Mareel, et al also showed 47% of patients died from their primary tumors
during follow-up of which 52% of patients had distant metastases, however the tumor site and distant
metastases site were not separated in Mareel’s study. In our study only 28.1% of patients died as a result of
their first tumor; of those individuals, 57.8% of patients had lung metastases. Compared to Mareel’s study,
our study focused on hypo-pharyngeal cancer and lung metastases; it can truly illustrate the effect lung
metastases of hypo-pharyngeal cancer has on survival. P. Pracy, et al. reported the overall 5-year disease
specific survival rate in hypo-pharyngeal cancer patients as approximately 30–35% in the United Kingdom.
By reviewed articles of head and neck cancer, Macherey, et al. reports a 58% 5-year survival rate 5. In
our study, 71.9% of patients were alive or succumbed to other causes instead of the first tumor after the
5-year follow-up. The reported 2-years over survival(OS) in head and neck cancer with distant metastases
was 15% in Belgium, while in our study, survival was close to 40% in hypo-pharyngeal cancer patients with
lung metastases and the survival probability gradually decreased to 20% after the 5-year follow-up. Our
results were slightly different from the studies in the United Kingdom and Belgium, because the population
composition may be different in three countries. A study including a broader range of countries could account
for this discrepancy4,6.

As is shown in previous studies, a lot of risk factors will affect survival time in head and neck cancer7.
Among the entire cohort, although the tumor primary site in the pyriform sinus didn’t have significantly
lower odds of lung metastases, they indicate a lower risk associated with all-caused mortality (HR:0.83, 95%
CI:0.69-1.00, P =0.048). This suggests that the primary site of tumor is still worthy of further research.
African Americans not only have significantly greater odds of lung metastases, but also suggests a higher
risk associated with all-caused mortality(HR:1.89, 95% CI:1.49-2.40, P <0.001). This finding presents a
bad prognosis for African Americans who are diagnosed with hypo-pharyngeal cancer. Tumor size is an
undoubted risk factor for mortality, for each 10 mm tumor size increase, the risk of death increases by 3.9%.
It suggests that a closer follow-up study is needed for patients with larger tumors.

Lung metastases is often caused by cancers of peritoneal organs, including gastric cancer, colon cancer,
pancreatic/biliary cancer, ovarian cancer, and uterine cancer8. Most of these cases are adeno-carcinomas;
only a few cases are derived from squamous cell cancer9-12. In contrast to these studies, we found more
patients having lung metastases with newly diagnosed hypo-pharyngeal cancer. We revealed that race,
histological grade and tumor size were associated with having lung metastases at diagnosis. In the future
we should be wary of these factors.

Limitations

This study did not include data concerning the HPV status of patients. Positive HPV status may suggest
a different prognosis for head and neck squamous cell carcinoma. Perhaps more importantly information
regarding the treatment methods of patients was unavailable. Different treatment methods may affect the
survival of patients. Finally, the SEER database includes only patients from the United States; different
countries may result in different tumor prognosis. For the aforementioned reasons our findings may have
resulted in an underestimation of our results.

Conclusion

Despite the above limitations, our study provides insight into the epidemiology of lung metastases in patients

5
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with newly diagnosed hypo-pharyngeal cancer in the United States. When the tumor is newly diagnosed,
we should pay close attention to the sex, race, tumor size and histological grade in order to quickly detect
distant metastases.

Data Availability Statment

The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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Figure 1. The predicted probability of lung metastases increased when tumor size . For each10
mm increase in tumor size, the odds of having lung metastases increases by 6.6%, controlling for other
covariates.

Figure 2. The cumulative mortality of patients with or without lung metastases. The patients
with lung metastases had a higher rate of cumulative mortality.

Figure 3. The cumulative mortality of patients in different race and primary site. African
Americans had a high cumulative mortality of 60%, while white people only had a rate of 40%(Figure 3).
The tumors’ primary site of patient didn’t display a significant difference in cumulative mortality.

Hosted file

Tables(1-4).pdf available at https://authorea.com/users/373437/articles/491130-lung-

metastases-in-newly-diagnosed-hypo-pharyngeal-cancer-a-population-based-study
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