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ABSTRACT
Objective To identify the factors associated with 
the survival of malignant Hodgkin and non- Hodgkin 
lymphomas in oral and nasal cavities.
Study design. Retrospective cohort survival analysis.
Methods The Surveillance, Epidemiology and End Results 
18 database was used to analyse the factors associated 
with the 5- year survival rate of malignant lymphomas 
diagnosed in the oral cavity and pharynx (OCP) and nasal 
cavity and sinus (NCS) regions from 1988 to 2011 for all 
patients in the USA. Multivariable Cox regression models 
were used to calculate the HR of malignant lymphoma 
death overall and by the site of cancer diagnosis.
Results Among the 8785 patients included in the 
analysis, 4103 (46.7%) were women, 6096 (69.4%) were 
non- Hispanic (NH) white, 635 (7.2%) were NH black 
and 1209 (13.8%) were Hispanic patients of all races. 
We found that a higher 5- year survival rate of malignant 
lymphoma is associated with: female gender; younger age 
at diagnosis; NH white race/ethnicity; diagnosis in the oral 
cavity; receiving surgery/radiation and surgery/radiation, 
surgery and chemotherapy as the treatment; diagnosis at 
a localised stage and diagnosis in later calendar years. No 
association with lymphoma subtype was observed.
Conclusion We have identified several demographics 
and prognosis factors associated with the 5- year survival 
rate of malignant lymphomas in the OCP and NCS regions. 
These findings warrant greater public health attention on 
the prognosis of malignant lymphomas in the OCP and 
NCS regions among the most vulnerable populations.

INTRODUCTION
Lymphomas are a group of malignant 
neoplastic proliferation of the immune 
system that can affect any organ in the body. 
They are traditionally categorised as Hodgkin 
lymphoma (HL) and non- HL (NHL) and each 
accounts for approximately 10% and 90% of 
all lymphomas, respectively.1 2 Similar to most 
cancers, the overall survival of lymphomas 
improves with younger ages and earlier stages 
at diagnoses.3 Malignant lymphomas in the 
oral and nasal cavities are rare, representing 
only 5% of all human lymphomas.4 However, 
a previous study has reported that the prog-
nosis is poor, with a 5- year overall survival rate 
of 45% for malignant lymphomas diagnosed 

in the oral cavity and maxillofacial region 
among 151 patients of all ages.4

In general, the prognosis of NHL is worse 
than that of HL because NHLs are more 
likely to be diagnosed at advanced stages and 
older ages compared with HLs.5 In the USA, 
the median age of diagnosis is 39 years for HL 
and 69 years for NHL.6 NHLs can arise from 
B, T or natural killer (NK) lymphocytes.7 
Approximately 85%–90% of NHLs originate 
from B lymphocytes, and the remainder 
derives from T or NK lymphocytes.1 Immu-
nosuppression is a well- established risk factor 
for NHL, as is Epstein- Barr virus (EBV). Asso-
ciations have been reported between EBV 
and some NHL subtypes, including diffuse 
large B- cell lymphoma, Burkitt lymphoma 
and nasal NK/T- cell lymphoma.8

Chemotherapy is usually the initial 
treatment administered for NHL; radia-
tion therapy may also be used for patients 
who are diagnosed at an early stage. Most 
patients respond well to the treatment. 
However, relapses are frequent, and many 

Strengths and limitations of this study

 ► The first study to use a population- based cancer 
registry with individual- level data to explore the sur-
vival of malignant lymphomas in the oral and nasal 
cavities.

 ► Inclusion of a large number of patients of multiple 
race/ethnic groups with medical coverage in the 
USA.

 ► Analysed the factors associated with malignant 
lymphoma survival with a Cox regression model ad-
justing for a set of relevant covariates to control for 
potential confounding.

 ► Studied the socioeconomic factors in association 
with malignant lymphoma survival.

 ► Residual confounding is likely due to the absence 
of covariates indicating viral infection (eg, Epstein- 
Barr virus, HIV, etc) and the detailed treatment meth-
ods, since the treatments have involved during the 
study timeframe from 1988 to 2011 in Surveillance, 
Epidemiology and End Results.
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NHL subtypes are incurable with current management 
strategies.9 On the other hand, HLs are highly curable 
with combination chemotherapy, radiation or combined 
modality treatment, even when diagnosed in advanced 
stages.10 From 1975–2014, the relative 5- year survival rate 
for HLs improved steadily from 70% to 85%, and the 
incidence of HLs decreased monotonically from 1.3 to 
0.3 cases/100 000 people in the USA.6 Immunosuppres-
sion, EBV and HIV are associated with the risk of HLs, but 
the aetiology of HLs is still not well understood.10

In the context of lymphomas diagnosed in the oral and 
nasal cavities, few studies have investigated prognostic 
factors despite the poor survival rate compared with 
lymphomas diagnosed at other sites. A study involving 
151 participants with malignant lymphoma of the oral 
cavity and maxillofacial region reported that survival is 
associated with clinical stage, extranodal involvement, 
the presence of HIV and the presence of EBV.4 Another 
study, with 311 participants, also reported extranodal 
involvement as a risk factor for lymphomas diagnosed in 
the head and neck regions.5 In terms of treatment, a case 
series study reported that chemotherapy and radiation 
resulted in significantly higher survival rates than chemo-
therapy alone for lymphomas of the sinonasal tract.8 
Overall, previous studies have been conducted with small 
groups of patients, which may not have sufficient statis-
tical power to detect some prognostic factors. Therefore, 
a study that comprehensively evaluates the treatment, 
demographics and socioeconomic position (SEP) factors 
associated with the survival of lymphomas in the oral and 
nasal cavities is necessary to improve the prognosis of this 
disease.

MATERIALS AND METHODS
Study population
We obtained information on patients diagnosed with 
malignant lymphoma at any age in the oral cavity and 
pharynx (OCP) and the nasal cavity and sinus (NCS) 
regions from the National Cancer Institute’s population- 
based Surveillance, Epidemiology and End Results 
(SEER) 18 database (1975–2016) Radiation/Chemo-
therapy Database.11 Cases diagnosed between 1998 and 
2011 with complete information on the covariates were 
included in the analyses. The study period started in 
1998 because information on surgery and cancer staging 
is available in the database from that year onwards. The 
study period ended in 2011 to allow for at least 5 years of 
follow- up for all cases.

Variables
Patients with known gender, age, race/ethnicity, cancer 
site, lymphoma subtype, treatment, cancer stage, year of 
diagnosis, county- level percentage of people with less than 
high school education in 2000 and county- level median 
household income were included in the analyses. The 
vital status was determined with the ‘SEER cause- specific 
death classification’ variable: patients whose deaths were 

attributable to this cancer within 5 years of diagnosis were 
deemed to be dead and otherwise deemed to be alive. 
Patients lost to follow- up were regarded as censored at the 
last time of contact. Survival months were calculated from 
the date of malignant lymphoma diagnosis to the date of 
death attributable to this cancer or the last follow- up, 
whichever came first. Survival months greater than 60 
were recoded to 60 in the regression models to analyse 
the 5- year survival probabilities.

Age was grouped by 20- year intervals (0–19, 20–39, 
40–59, 60–79, and 80 or more) due to the distinct disease 
risk and variation in treatment methods by age.12–14 We 
classified race/ethnicity as non- Hispanic (NH) white, 
NH black, Hispanic all races, NH Asian/Pacific Islander 
(API) and NH American Indian/Alaskan Native (AIAN). 
Cancer site was classified using the ICD- O- 3 sites into four 
broad groups: oral cavity (lip, C000- C009; tongue, C019- 
C029; salivary gland, C079- C089; floor of mouth, C040- 
C049; gum and other mouth, C030- C039, C050- C059, 
C060- C069); pharynx (nasopharynx, C110- C119; tonsil, 
C090- C099; oropharynx, C100- C109; hypopharynx, 
C129, C130- C139; pharynx, NOS, C140); Waldeyer’s ring 
(C142) and NCS (nasal cavity, C300; sinus, C310- C313, 
C318- C319). Malignant lymphomas were grouped into 
NHL, HL and lymphoid neoplasm (LN) according to 
the lymphoma subtype recode/15WHO.15 NHLs were 
further grouped into mature B- cell lymphomas; mature 
NK/T- cell lymphomas according to the classification by 
the leukaemia and lymphoma society.16 Treatment was 
grouped into: none; radiation only; surgery only; chemo-
therapy only; radiation and surgery; chemotherapy and 
surgery; radiation and chemotherapy and radiation, 
surgery and chemotherapy. We grouped cancer stages 
into localised, regional and distant. Year of diagnosis was 
included in the models as a continuous variable. County- 
level education and income variables were categorised 
into five levels by quintile.

Statistical analysis
To evaluate the impact of demographic and prognosis 
factors on the survival outcome of malignant lymphomas in 
the OCP region, we used Cox proportional hazard regres-
sion models to compute HRs and 95% CIs with survival 
month as a time scale. The likelihood ratio p value was 
calculated to determine the significance of each variable. 
P values for trend were calculated by entering the ordinal 
variable as numeric instead of the original categorical 
variable into the model. The p value based on a Wald test 
of this numeric variable was reported as the p for trend. 
Kaplan- Meier curves were used to illustrate the probabil-
ities of survival by certain subgroups over time. Log- rank 
tests were used to compute the differences in survival 
probabilities during the follow- up period by subgroups. 
The interactions between stage and treatment, treat-
ment and lymphoma subtype and stage and lymphoma 
subtype were examined using Cox regression models. To 
further explore the difference in factors impacting the 
survival outcome for lymphomas diagnosed at different 
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sites, we conducted subgroup analyses stratified by cancer 
site (OCP). Limited by the number of cases, Waldeyer’s 
ring and NCS were not analysed as distinct subgroups. 
Only patients with a complete record of all covariates 
were included in the regression models. All variables that 
might have clinical relevance to the survival outcome 
were included in the models. All statistical tests were 
two sided, and p values less than 0.05 were considered 
statistically significant. All analyses were performed with 
R software V.4.0.2 (R Foundation, Vienna, Austria). Anal-
ysis codes can be found on the following website: https://
githubcom/feifei-CMU-FAH/OCP_NCS_survival_anal-
ysis_SEER/blob/main/SA_Rcodes. Institutional review 
board approval was granted for this study by the First 
Hospital of China Medical University.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting or dissemination plans of our 
research.

RESULTS
Of the 8785 malignant lymphoma cases identified in the 
OCP and NCS regions, 725 (7.62%) were not included in 
the models due to missing covariate information. A total 
of 1784 patient deaths were observed during the study 
period. Of the 8785 cases included, 3880 (44.2%) were 
diagnosed in the oral cavity, 3195 in the pharynx (36.4%), 
1599 (18.2%) in the NCS region and 111 in Waldeyer’s 
ring (1.3%). The majority of cancers were NHL (95.5%), 
followed by LN (2.6%) and HL (1.9%). The majority 
of the patients were NH white (69.4%), male (53.3%), 
diagnosed at age 60–79 years (42.6%), diagnosed at the 
localised stage (51.5%) and received chemotherapy only 
(19.2%) (table 1). The median age at diagnosis was 66 
years. The median follow- up time was 96 months for 
patients who were alive or had died of other cancers, 
and 21 months for those who had died of malignant 
lymphomas in the OCP or NCS region.

A Kaplan- Meier curve illustrating the survival probabil-
ities of patients stratified by lymphoma subtype demon-
strated a statistically significant difference (p<0.001) in 
survival probabilities over 5 years (figure 1). The 5- year 
survival probability was highest for patients diagnosed 
with HL (85.89%) in the OCP or NCS region, followed by 
those diagnosed with NHL (77.35%) and LN (67.49%). 
This trend was consistent across the study period (figure 1 
and table 2). When stratified by cancer site, patients diag-
nosed with malignant lymphomas in the oral cavity exhib-
ited the highest 5- year survival probability (81.05%), 
followed by those with malignant lymphomas in the 
pharynx (77.50%), the NCS region (68.12%) and Waldey-
er’s ring (62.94%). This trend was also consistent during 
the study period, demonstrating a statistically significant 
difference (p<0.001) in survival probabilities across the 
three site groups (figure 1 and table 2). We also observed 
statistically significant differences in survival probabilities 

across cancer staging (p<0.001) and treatment groups 
(p<0.001) (online supplemental figure 1A–1B).

With a multivariable Cox regression model, we found an 
increased risk of dying from malignant lymphomas in the 
OCP region for men compared with women (HR=1.15; 
95% CI 1.05 to 1.27), NH Black patients (HR=1.31; 
95% CI 1.09 to 1.57), Hispanic patients (HR=1.32; 95% CI 
1.14 to 1.52) and NH Asian/Pacific Islander (API) 
patients (HR=1.37; 95% CI 1.17 to 1.61) compared with 
NH White patients. Compared with those with cancers 
diagnosed in the oral cavity, those with cancers diagnosed 
in the pharynx (HR=1.17; 95% CI 1.04 to 1.31), Waldey-
er’s ring (HR=1.83; 95% CI 1.30 to 2.57) or NCS region 
(HR=1.74; 95% CI 1.54 to 1.98) exhibited a higher hazard 
of mortality due to malignant lymphoma. Regarding treat-
ment, compared with patients who did not receive any 
treatment, those who received surgery (HR=0.63; 95% CI 
0.51 to 0.78), radiation and surgery (HR=0.46; 95% CI 
0.36 to 0.59) or radiation, surgery and chemotherapy 
(HR=0.76; 95% CI 0.61 to 0.94) showed a lower hazard of 
mortality. The risk of dying from malignant lymphomas 
in the OCP or NCS regions increased significantly with 
age group at diagnosis (p trend <0.001) and cancer stage 
at diagnosis (p trend <0.001) and decreased significantly 
with the year of diagnosis (p<0.001) (table 2).

Through the utilisation of interaction models, we found 
evidence of effect modification between treatment and 
cancer staging at diagnosis of the hazard of mortality (p 
interaction=0.006) (online supplemental table 1). When 
stratified by cancer site, similar patterns in the hazard of 
mortality by covariate groups were observed for the OCP 
region, except for race/ethnicity. Specifically, compared 
with NH white patients, we observed an increased hazard 
of mortality for NH black (HR=1.59; 95% CI 1.22 to 2.06), 
Hispanic (HR=1.49; 95% CI 1.19 to 1.87) and NH API 
(HR=1.62; 95% CI 1.27 to 2.07) patients whose malig-
nant lymphomas were found in the pharynx. There was 
no evidence of an association between race/ethnicity 
and mortality for malignant lymphomas diagnosed in the 
oral cavity (online supplemental table 2). When strati-
fied by NHL subtypes, the hazard of mortality for mature 
B- cell lymphoma was associated with gender, age, race/
ethnicity, cancer site, type of treatment, stage at diagnosis 
and year of diagnosis. The hazard of mortality for mature 
NK/T- cell lymphoma was associated with cancer site, 
stage at diagnosis and year of diagnosis (online supple-
mental table 3).

DISCUSSION
In the current study, the data of 8785 patients diagnosed 
with malignant lymphoma in the oral and nasal cavities 
were analysed using a multivariable Cox regression model. 
We found that an increase in the 5- year survival rate of 
malignant lymphoma is associated with: female gender; 
younger age at diagnosis; NH white race/ethnicity; diag-
nosis in the oral cavity; receiving surgery/radiation and 
surgery/radiation, surgery and chemotherapy as the 
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Table 1 Distribution of selected characteristics among patients diagnosed with malignant lymphoma in oral cavity, pharynx, 
nasal cavity and sinus from 1998 through 2011 overall and by survival status

Characteristic

Number (%)

P value*
Total
N=8785

Alive or dead of other Causes
N=7001

Dead of malignant Lymphoma
N=1784

Gender 0.200

  Female 4103 (46.7%) 3292 (47.0%) 811 (45.5%)

  Male 4682 (53.3%) 3709 (53.0%) 973 (54.5%)

Age at diagnosis <0.001

  0–19 years 210 (2.4%) 193 (2.8%) 17 (1.0%)

  20–39 years 721 (8.2%) 606 (8.7%) 115 (6.4%)

  40–59 years 2490 (28.3%) 2073 (29.6%) 417 (23.4%)

  60–79 years 3744 (42.6%) 2980 (42.6%) 764 (42.8%)

  80+years 1620 (18.4%) 1149 (16.4%) 471 (26.4%)

Race/ethnicity <0.001

  NH White 6096 (69.4%) 4921 (70.3%) 1175 (65.9%)

  NH Black 635 (7.2%) 503 (7.2%) 132 (7.4%)

  Hispanic (all races) 1209 (13.8%) 942 (13.5%) 267 (15.0%)

  NH API 802 (9.1%) 602 (8.6%) 200 (11.2%)

  NH AIAN 43 (0.5%) 33 (0.5%) 10 (0.6%)

Cancer site <0.001

  Oral cavity 3880 (44.2%) 3216 (45.9%) 664 (37.2%)

  Pharynx 3195 (36.4%) 2550 (36.4%) 645 (36.2%)

  Waldeyers ring 111 (1.3%) 75 (1.1%) 36 (2.0%)

  Nasal cavity and sinus 1599 (18.2%) 1160 (16.6%) 439 (24.6%)

Lymphoma subtype <0.001

  Non- Hodgkin lymphoma 8390 (95.5%) 6691 (95.6%) 1699 (95.2%)

  Hodgkin lymphoma 163 (1.9%) 142 (2.0%) 21 (1.2%)

  Lymphoid neoplasm 232 (2.6%) 168 (2.4%) 64 (3.6%)

Treatment <0.001

  None 801 (9.1%) 629 (9.0%) 172 (9.6%)

  Radiation only 764 (8.7%) 595 (8.5%) 169 (9.5%)

  Surgery only 1140 (13.0%) 973 (13.9%) 167 (9.4%)

  Chemo only 1687 (19.2%) 1262 (18.0%) 425 (23.8%)

  Radiation and surgery 828 (9.4%) 736 (10.5%) 92 (5.2%)

  Chemo and surgery 1166 (13.3%) 923 (13.2%) 243 (13.6%)

  Radiation and chemo 1510 (17.2%) 1161 (16.6%) 349 (19.6%)

  Radiation, surgery and 
chemo

889 (10.1%) 722 (10.3%) 167 (9.4%)

Stage <0.001

  Localised 4526 (51.5%) 3814 (54.5%) 712 (39.9%)

  Regional 2597 (29.6%) 2049 (29.3%) 548 (30.7%)

  Distant 1662 (18.9%) 1138 (16.3%) 524 (29.4%)

2000 county %<high school education 0.001

  0%–13.55% 1809 (20.6%) 1471 (21.0%) 338 (18.9%)

  13.56%–16.78% 1776 (20.2%) 1425 (20.4%) 351 (19.7%)

  16.79%–20.54% 1971 (22.4%) 1576 (22.5%) 395 (22.1%)

  20.55%–29.47% 1565 (17.8%) 1255 (17.9%) 310 (17.4%)

Continued
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treatment; diagnosis at a localised stage and diagnosis in 
later years. No association with lymphoma subtype (HL 
and NHL) was observed.

This is the first study to analyse the prognosis factors 
associated with malignant lymphomas in the oral and 
nasal cavities in a population- based cancer registry. Several 
previous studies have reported that the survival rate of 
malignant lymphomas in the oral cavity worsens with the 
advancement of clinical stage.4 17 18 Our results are in 
alignment—we found that the survival rate decreases with 
advancement in the clinical stage at diagnosis (localised, 
82.61%; regional, 76.00% and distant, 64.22% at 5 years).

In 2001, Ezzat et al reported that of 130 adult patients 
with localised lymphomas in the Waldeyer’s ring, 58% 
survived at a median follow- up of 49 months.19 Although 
Waldeyer’s ring is the primary site of NHL involvement, 
only 111 patients (1.3%) with malignant lymphomas in 
the oral/nasal cavity had tumours found in Waldeyer’s 
ring. In addition, the 5- year (60 month) survival rate for 
malignant lymphomas in Waldeyer’s ring was slightly 
higher (62.94%) than that in the previous report. This 
is likely to be a result of improvements in management 
strategies. The combined modality treatment with chemo-
therapy and radiotherapy for aggressive lymphomas in 
Waldeyer’s ring has been adopted since the 1990s,13 14 
which has resulted in a better prognosis and less chance 
of relapse compared with chemotherapy- only treat-
ment. In addition, the movement to reduce the dose of 
radiotherapy for early stage lymphomas could also have 
resulted in a better prognosis for lymphomas diagnosed 
at early stages.20

Worse survival of lymphomas has been reported for low 
SEP compared with high SEP neighbours.21–23 This asso-
ciation is likely to be mediated by treatment.23 This is in 
alignment with the finding in our study that, although the 
distribution of SEP factors varied by vital status, no statis-
tical significance was observed in the multivariable models 
with the adjustment of factors including treatment.

Here, we report a difference in the survival rates of 
malignant lymphomas in the OCP and NCS regions by 

racial/ethnic group. It was reported by Wu et al that 
black and API patients had lower incidence rates of 
B- cell extranodal NHL compared with white patients.24 
We report a slightly higher 5- year survival rate among 
NH white patients (78.52%) compared with NH black 
(76.41%), Hispanic (74.77%), NH API (72.26%) and 
NH AIAN (74.87%) patients. In the multivariable model, 
NH black patients also exhibited higher hazards of malig-
nant lymphoma death compared with NH white patients 
(HR=1.31; 95% CI 1.09 to 1.57; p<0.001). Despite the 
lower incidence rates of NHLs among black and API 
patients, a worse prognosis was observed for patients of 
these racial/ethnic groups. This is not unique for lympho-
mas—a lower incidence and worse prognosis among black 
patients compared with white patients has been observed 
for many cancers, such as brain tumours,6 25 leukemias,6 26 
melanomas,6 27 etc. Regarding melanoma, black patients 
are more likely to be diagnosed at a later stage compared 
with patients of other racial/ethnic groups.27 However, 
the associations between the stage at diagnosis and SEP 
factors by racial/ethnic group remain unclear. Therefore, 
the racial disparities observed in those cancers warrant 
greater public health attention on cancer screening and 
early diagnosis of racial minority patients to achieve a 
better prognosis. For the current study, no evident differ-
ence was observed between the type of treatment or the 
lymphoma subtype between NH white and NH black 
patients. As a result, further investigation is necessary 
to understand the underlying reasons driving this racial 
disparity in the survival of malignant lymphomas found 
in the OCP and NCS regions.

We also report the variation in prognosis factors that 
are in association with different NHL subtypes. This result 
is consistent with the previous report that the survival of 
nasal type NK/T- cell lymphomas is heavily dependent on 
the stage at diagnosis.28

This study has several strengths and limitations. A 
major strength is that this was a population- based analysis 
that included a large cohort of patients with malignant 
lymphomas diagnosed in the OCP and NCS regions. This 

Characteristic

Number (%)

P value*
Total
N=8785

Alive or dead of other Causes
N=7001

Dead of malignant Lymphoma
N=1784

  >29.48% 1664 (18.9%) 1274 (18.2%) 390 (21.9%)

2000 county median household income 0.040

  US$0–US$38 790 1754 (20.0%) 1370 (19.6%) 384 (21.5%)

  US$38 791–US$42 190 1905 (21.7%) 1494 (21.3%) 411 (23.0%)

  US$42 191–US$48 370 1560 (17.8%) 1256 (17.9%) 304 (17.0%)

  US$48 371–US$56 610 1801 (20.5%) 1464 (20.9%) 337 (18.9%)

  >US$56 611 1765 (20.1%) 1417 (20.2%) 348 (19.5%)

*p value according to a univariable log- rank test.
AIAN, American Indian/Alaskan Native; API, Asian, Pacific Islander; NH, non- Hispanic.

Table 1 Continued
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enabled us to adjust for a set of covariates and perform 
analyses on subgroups with adequate statistical power. 
Furthermore, the study benefited from the diverse racial/
ethnic composition of the patient cohort; we were able 
to evaluate the variation in cancer prognosis by race/
ethnicity, thus making the results generalise to people of 
various race/ethnic groups. There are some limitations 
to this study brought about by the use of SEER data. Infor-
mation on viral infections (EBV, HIV, etc) is absent from 
SEER data. Thus, the analyses were subjected to residual 
confounding. In addition, although information on 

treatment is available in the SEER data, no indicator of 
the sequence of treatment is available. This prevents us 
from further investigating the association between treat-
ment and malignant lymphoma survival.

CONCLUSION
Our study demonstrates that several prognostic and 
demographic factors are associated with the 5- year 
survival rate of malignant lymphomas in the oral cavity, 
pharynx, nasal cavity and sinus regions. Despite the 

Figure 1 Survival probabilities for patients diagnosed with malignant lymphomas in oral cavity and pharynx from 1998 through 
2011. (A) Kaplan- Meier curve illustrating survival probabilities for patients who were diagnosed with Non- Hodgkin lymphoma 
(yellow line), Hodgkin lymphoma (blue line), and lymphoid neoplasm (red line) in oral cavity and pharynx from 1998 through 
2011. The survival probabilities during the five- year follow- up period showed statistically significant difference across the three 
groups according to a log- rank test (p<0.001). (B) Kaplan- Meier curve illustrating survival probabilities for patients who were 
diagnosed with malignant lymphoma in the oral cavity (yellow line), pharynx (blue line), Waldeyes ring (red line), and nasal 
cavity and sinus (green line) from 1998 through 2011. The survival probabilities during the five- year follow- up period showed 
statistically significant difference across the treatment groups according to a log- rank test (p<0.001).
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Table 2 Risk of malignant lymphoma death for patients diagnosed from 1998 through 2011 by selected characteristics

Characteristic Survival at 2 years (%) Survival at 5 years (%) HR (95% CI)† P value‡

Gender 0.003

  Female 89.02 77.97 Referent

  Male 88.31 76.65 1.15** (1.05–1.27)

Age at diagnosis <0.001

  0–19 years 96.02 91.38 Referent

  20–39 years 91.74 82.59 2.31** (1.38–3.85)

  40–59 years 91.61 82.33 2.58** (1.58–4.20)

  60–79 years 89.20 77.60 3.44** (2.12–5.59)

  80+ years 79.61 60.30 7.13** (4.37–11.63)

  P for trend§ <0.001

Race/ethnicity <0.001

  NH White 89.31 78.52 Referent

  NH Black 88.19 76.41 1.31** (1.09–1.57)

  Hispanic (all races) 87.30 74.77 1.32** (1.14–1.52)

  NH API 85.91 72.26 1.37** (1.17–1.61)

  NH AIAN 87.35 74.87 1.44 (0.77–2.69)

Cancer site <0.001

  Oral cavity 90.69 81.05 Referent

  Pharynx 88.83 77.50 1.17** (1.04–1.31)

  Waldeyers ring 80.63 62.94 1.83** (1.30–2.57)

  Nasal cavity and sinus 83.65 68.12 1.74** (1.54–1.98)

Lymphoma subtype 0.175

  Non- Hodgkin lymphoma 88.70 77.35 Referent

  Hodgkin lymphoma 93.15 85.89 0.87 (0.56–1.34)

  Lymphoid neoplasm 83.23 67.49 1.26 (0.98–1.63)

Treatment <0.001

  None 86.83 73.69 Referent

  Radiation only 86.31 72.75 0.96 (0.77–1.19)

  Surgery only 92.21 83.92 0.63** (0.51–0.78)

  Chemo only 84.84 70.09 1.09 (0.91–1.30)

  Radiation and surgery 94.41 88.31 0.46** (0.36–0.59)

  Chemo and surgery 88.81 77.38 0.85 (0.70–1.04)

  Radiation and chemo 87.47 74.87 0.88 (0.73–1.07)

  Radiation, surgery and chemo 90.45 80.50 0.76* (0.61–0.94)

Stage <0.001

  Localised 91.53 82.61 Referent

  Regional 88.07 76.00 1.40** (1.24–1.57)

  Distant 81.46 64.22 2.22** (1.97–2.50)

  P for trend§ <0.001

Year of diagnosis NA NA 0.93** (0.92–0.94) <0.001

2000 county %<high school education 0.321

  0%–13.55% 89.84 79.50 Referent

  13.56%–16.78% 89.02 77.96 1.02 (0.87–1.19)

  16.79%–20.54% 88.82 77.57 1.07 (0.92–1.25)

  20.55%–29.47% 88.76 77.47 1.11 (0.92–1.34)

Continued
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limitations, the findings of our study are crucial for 
evoking public health attention on the prognosis of 
malignant lymphomas in the oral and nasal cavities 
among the most vulnerable populations as well as illumi-
nating future research directions.
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Supplementary Table 1. Effect Modification between Cancer Stage, Treatment, and Lymphoma Subtype on the Risk of Malignant Lymphoma Death 
for Patients Diagnosed from 1998 through 2011.  
Variable HR (95% CI) 1 p-value for 

interaction 2 

Treatment x Stage  0.006 
Radiation only x Regional 1.02 (0.60- 1.73)  
Surgery only x Regional 0.76 (0.45- 1.28)  
Chemo only x Regional 0.62* (0.39- 0.97)  
Radiation and surgery x Regional 0.85 (0.45- 1.61)  
Chemo and surgery x Regional 0.82 (0.48- 1.38)  
Radiation and chemo x Regional 0.55* (0.35- 0.88)  
Radiation, surgery and chemo x Regional 1.02 (0.59- 1.79)  
Radiation only x Distant 1.51 (0.81- 2.83)  
Surgery only x Distant 1.03 (0.58- 1.81)  
Chemo only x Distant 1.26 (0.79- 2.03)  
Radiation and surgery x Distant 0.89 (0.35- 2.27)  
Chemo and surgery x Distant 1.33 (0.78- 2.28)  
Radiation and chemo x Distant 1.81* (1.07- 3.04)  
Radiation, surgery and chemo x Distant 2.05* (1.07- 3.94)  

Lymphoma subtype x Treatment  0.450 
Hodgkin lymphoma x Radiation only NA  
Lymphoid neoplasm x Radiation only 0.49 (0.15- 1.55)  
Hodgkin lymphoma x Surgery only 0.68 (0.11- 4.21)  
Lymphoid neoplasm x Surgery only 0.47 (0.18- 1.21)  
Hodgkin lymphoma x Chemo only 0.37 (0.06- 2.27)  
Lymphoid neoplasm x Chemo only 0.49 (0.21- 1.14)  
Hodgkin lymphoma x Radiation and surgery 0.13 (0.01- 1.49)  
Lymphoid neoplasm x Radiation and surgery 0.47 (0.10- 2.16)  
Hodgkin lymphoma x Chemo and surgery 0.53 (0.10- 2.80)  
Lymphoid neoplasm x Chemo and surgery 0.58 (0.16- 2.08)  
Hodgkin lymphoma x Radiation and chemo 0.17 (0.02- 1.21)  
Lymphoid neoplasm x Radiation and chemo 0.82 (0.36- 1.89)  
Hodgkin lymphoma x Radiation, surgery and chemo 0.44 (0.08- 2.37)  
Lymphoid neoplasm x Radiation, surgery and chemo 0.46 (0.06- 3.61)  

Lymphoma subtype x Stage  0.058 
Hodgkin lymphoma x Regional 2.62 (0.75- 9.20)  
Lymphoid neoplasm x Regional 2.10* (1.11- 3.97)  
Hodgkin lymphoma x Distant 3.35 (0.74-15.11)  
Lymphoid neoplasm x Distant 0.92 (0.43- 1.95)  

Abbreviations: HR, Hazard Ratio; CI, Confidence Interval; NH, Non-Hispanic; API, Asian, Pacific Islander; AIAN, American Indian/ Alaskan Native.  
1 Five-year hazard ratio according to a multivariable Cox proportional-hazard model.  
2 p-value according to a likelihood-ratio (LR) test. *p<0.05; **p<0.01.   
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Supplementary Table 2. Risk of Malignant Lymphoma Death for Patients Diagnosed from 1998 through 2011 by Cancer Site. 

   Oral Cavity    Pharynx  

Characteristic 
Total No. 
N= 3921 

Dead No. 
N= 686 

HR (95% CI) 1 
p-value 2 Total No. 

N= 3251 
Dead No. 
N= 680 

HR (95% CI) 
1 

p-value 2 

Gender    <0.001         0.072 

Female 
2059 

(52.5%) 
334 

(48.7%) Referent  

1345 
(41.4%) 

290 (42.6%) 
Referent  

Male 
1862 

(47.5%) 
352 

(51.3%) 
1.31**  

(1.12- 1.53)  

1906 
(58.6%) 

390 (57.4%) 
1.15  

(0.99- 1.35) 
 

Age of diagnosis    <0.001   
 

   <0.001   

0-19 years 45 (1.1%) 4 (0.6%) Referent  129 (4.0%) 10 (1.5%) Referent  

20-39 years 256 (6.5%) 25 (3.6%) 
1.29  

(0.45- 3.71)  
295 (9.1%) 41 (6.0%) 

2.00  
(1.00- 4.02) 

 

40-59 years 
1035 

(26.4%) 
131 

(19.1%) 
1.73  

(0.63- 4.71)  

1004 
(30.9%) 

171 (25.1%) 
2.54**  

(1.33- 4.83) 
 

60-79 years 
1771 

(45.2%) 
297 

(43.3%) 
2.49  

(0.92- 6.73) 
 1303 

(40.1%) 
297 (43.7%) 

3.73**  
(1.97- 7.04) 

 

80+ years 
814 

(20.8%) 
229 

(33.4%) 
6.60**  

(2.43-17.94)  

520 
(16.0%) 

161 (23.7%) 
7.44**  

(3.89-14.25) 
 

P for trend   <0.001    <0.001  

Race/ethnicity    0.731   
 

      <0.001 

NH White 
2912 

(74.3%) 
522 

(76.1%) Referent 
 2160 

(66.4%) 
414 (60.9%) 

Referent  

NH Black 266 (6.8%) 40 (5.8%) 
0.98  

(0.70- 1.36)  
278 (8.6%) 70 (10.3%) 

1.59**  
(1.22- 2.06) 

 

Hispanic (all races) 
483 

(12.3%) 
78 (11.4%) 

1.09  
(0.85- 1.39)  

456 
(14.0%) 

105 (15.4%) 
1.49**  

(1.19- 1.87) 
 

NH API 238 (6.1%) 40 (5.8%) 
1.09  

(0.78- 1.51)  

345 
(10.6%) 

89 (13.1%) 
1.62**  

(1.27- 2.07) 
 

NH AIAN 22 (0.6%) 6 (0.9%) 
1.72  

(0.76- 3.88) 
 12 (0.4%) 2 (0.3%) 

1.10  
(0.27- 4.46) 

 

Lymphoma subtype    0.066          0.150 

Non-Hodgkin 
lymphoma 

3731 
(95.2%) 

645 
(94.0%) Referent 

 3106 
(95.5%) 

649 (95.4%) 
Referent 

 

Hodgkin lymphoma 86 (2.2%) 12 (1.7%) 1.10   69 (2.1%) 9 (1.3%) 0.84   
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   Oral Cavity    Pharynx  

Characteristic 
Total No. 
N= 3921 

Dead No. 
N= 686 

HR (95% CI) 1 
p-value 2 Total No. 

N= 3251 
Dead No. 
N= 680 

HR (95% CI) 
1 

p-value 2 

(0.61- 1.99) (0.43- 1.64) 

Lymphoid neoplasm 104 (2.7%) 29 (4.2%) 
1.62*  

(1.10- 2.37)  
76 (2.3%) 22 (3.2%) 

1.55*  
(1.01- 2.38) 

 

Treatment    <0.001          <0.001 

None 
451 

(11.5%) 
99 (14.4%) 

Referent 
 272 (8.4%) 62 (9.1%) 

Referent 
 

Radiation only 351 (9.0%) 66 (9.6%) 
0.83  

(0.60- 1.13)  
228 (7.0%) 55 (8.1%) 

0.94  
(0.65- 1.36) 

 

Surgery only 
749 

(19.1%) 
102 

(14.9%) 
0.55**  

(0.41- 0.72)  
307 (9.4%) 49 (7.2%) 

0.65*  
(0.44- 0.94) 

 

Chemo only 
669 

(17.1%) 
152 

(22.2%) 
0.97  

(0.75- 1.25) 
 726 

(22.3%) 
186 (27.4%) 

1.04  
(0.77- 1.39) 

 

Radiation and 
surgery 

487 
(12.4%) 

45 (6.6%) 
0.37**  

(0.26- 0.53)  
195 (6.0%) 26 (3.8%) 

0.49**  
(0.31- 0.77) 

 

Chemo and surgery 
471 

(12.0%) 
83 (12.1%) 

0.67**  
(0.49- 0.90)  

553 
(17.0%) 

109 (16.0%) 
0.80  

(0.58- 1.09) 
 

Radiation and chemo 
448 

(11.4%) 
98 (14.3%) 

0.87  
(0.66- 1.16) 

 590 
(18.1%) 

128 (18.8%) 
0.80  

(0.58- 1.09) 
 

Radiation, surgery 
and chemo 

295 (7.5%) 41 (6.0%) 
0.57**  

(0.39- 0.83)  

380 
(11.7%) 

65 (9.6%) 
0.67*  

(0.47- 0.96) 
 

Stage    <0.001         <0.001 

Localized 
2148 

(54.8%) 
287 

(41.8%) Referent  

1427 
(43.9%) 

228 (33.5%) 
Referent 

 

Regional 
1066 

(27.2%) 
212 

(30.9%) 
1.52**  

(1.26- 1.82) 
 1194 

(36.7%) 
240 (35.3%) 

1.35**  
(1.12- 1.63) 

 

Distant 
707 

(18.0%) 
187 

(27.3%) 
2.23**  

(1.83- 2.71)  

630 
(19.4%) 

212 (31.2%) 
2.51**  

(2.06- 3.05) 
 

P for trend   <0.001    <0.001  

Year of diagnosis  
 0.92**  

(0.90- 0.94) <0.001 
 

 
0.92**  

(0.90- 0.94) 
 

<0.001 

2000 county % < high school education 0.230    0.862 
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   Oral Cavity    Pharynx  

Characteristic 
Total No. 
N= 3921 

Dead No. 
N= 686 

HR (95% CI) 1 
p-value 2 Total No. 

N= 3251 
Dead No. 
N= 680 

HR (95% CI) 
1 

p-value 2 

0%-13.55% 
829 

(21.1%) 
138 

(20.1%) Referent 
 643 

(19.8%) 
128 (18.8%) 

Referent  

13.56%-16.78% 
832 

(21.2%) 
140 

(20.4%) 
0.97  

(0.76- 1.24) 
 625 

(19.2%) 
120 (17.6%) 

0.87  
(0.67- 1.13) 

 

16.79%-20.54% 
868 

(22.1%) 
159 

(23.2%) 
1.14  

(0.89- 1.46)  

732 
(22.5%) 

148 (21.8%) 
0.96  

(0.75- 1.24) 
 

20.55%-29.47% 
711 

(18.1%) 
122 

(17.8%) 
1.24  

(0.92- 1.67)  

586 
(18.0%) 

126 (18.5%) 
0.95  

(0.70- 1.29) 
 

>29.48% 
681 

(17.4%) 
127 

(18.5%) 
1.34  

(0.97- 1.85)  

665 
(20.5%) 

158 (23.2%) 
0.98  

(0.71- 1.36) 
 

P for trend   0.032    0.915  

2000 county median household income 0.100    0.204 

$0-$38,790 
791 

(20.2%) 
161 

(23.5%) Referent  

687 
(21.1%) 

148 (21.8%) 
Referent  

$38,791-$42,190 
836 

(21.3%) 
137 

(20.0%) 
0.71**  

(0.56- 0.91)  

704 
(21.7%) 

163 (24.0%) 
0.87  

(0.69- 1.11) 
 

$42,191-$48,370 
668 

(17.0%) 
110 

(16.0%) 
0.90  

(0.69- 1.16) 
 586 

(18.0%) 
123 (18.1%) 

0.96  
(0.74- 1.25) 

 

$48,371-$56,610 
789 

(20.1%) 
132 

(19.2%) 
0.85  

(0.65- 1.12)  

666 
(20.5%) 

130 (19.1%) 
0.77  

(0.58- 1.03) 
 

>$56,611 
837 

(21.3%) 
146 

(21.3%) 
0.90  

(0.69- 1.19)  

608 
(18.7%) 

116 (17.1%) 
0.75  

(0.56- 1.02) 
 

P for trend   0.455    0.041  

Abbreviations: HR, Hazard Ratio; CI, Confidence Interval; NH, Non-Hispanic; API, Asian, Pacific Islander; AIAN, American Indian/ Alaskan Native.  
1 Five-year hazard ratio according to a multivariable Cox proportional-hazard model.  
2 p-value according to a likelihood-ratio (LR) test.  
*p<0.05; **p<0.01.  
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Supplementary Table 3. Risk of Non-Hodgkin Lymphoma Death by Disease Subtype for Patients Diagnosed from 1998 through 2011.   
 

 Mature B-cell lymphomas Mature NK/T-cell lymphomas 

Characteristic 
Total No. 
N= 6915 

Dead No. 
N= 1331 

HR (95% CI) 1 
p-value 2 Total No. 

N= 587 
Dead No. 
N= 227 

HR (95% CI) 1 
p-value 2 

Gender    0.002         0.424 

Female 
3406 

(49.3%) 
638 

(47.9%) Referent  

226 
(38.5%) 

83 (36.6%) 
Referent  

Male 
3509 

(50.7%) 
693 

(52.1%) 
 1.19** (1.06- 1

.33)  

361 
(61.5%) 

144 (63.4%) 
1.13 (0.84- 1.50)  

Age of diagnosis    <0.001   
 

   0.633  

0-19 years 152 (2.2%) 8 (0.6%) Referent  20 (3.4%) 6 (2.6%) Referent  

20-39 years 462 (6.7%) 52 (3.9%) 
 2.52* (1.20- 5.

33)  

123 
(21.0%) 

42 (18.5%) 
1.23 (0.51- 2.96) 

 

40-59 years 
1897 

(27.4%) 
277 

(20.8%) 
 3.53** (1.74- 7

.16)  

215 
(36.6%) 

94 (41.4%) 
1.55 (0.67- 3.59) 

 

60-79 years 
3084 

(44.6%) 
598 

(44.9%) 
 5.30** (2.63-

10.70) 
 170 

(29.0%) 
69 (30.4%) 

1.51 (0.64- 3.56) 
 

80+ years 
1320 

(19.1%) 
396 

(29.8%) 
12.09** (5.96-

24.52)  
59 (10.1%) 16 (7.0%) 

1.28 (0.48- 3.40) 
 

P for trend   <0.001    0.581  

Race/ethnicity    0.029   
 

      0.229 

NH White 
4929 

(71.3%) 
935 

(70.2%) Referent 
 254 

(43.3%) 
96 (42.3%) 

Referent  

NH Black 470 (6.8%) 93 (7.0%) 
 1.31* (1.06- 1.

63)  
45 (7.7%) 17 (7.5%) 

0.78 (0.45- 1.35) 
 

Hispanic (all races) 
886 

(12.8%) 
173 

(13.0%) 
 1.22* (1.03- 1.

44)  

179 
(30.5%) 

62 (27.3%) 
0.87 (0.59- 1.28) 

 

NH API 595 (8.6%) 123 (9.2%) 
 1.18 (0.97- 1.

43)  

105 
(17.9%) 

49 (21.6%) 
1.13 (0.77- 1.65) 

 

NH AIAN 35 (0.5%) 7 (0.5%) 
 1.22 (0.58- 2.

58) 
 4 (0.7%) 3 (1.3%) 

3.65* (1.10-12.08) 
 

Cancer site    <0.001          0.030 

Oral cavity 
3281 

(47.4%) 
543 

(40.8%) Referent 
 118 

(20.1%) 
33 (14.5%) 

Referent 
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 Mature B-cell lymphomas Mature NK/T-cell lymphomas 

Characteristic 
Total No. 
N= 6915 

Dead No. 
N= 1331 

HR (95% CI) 1 
p-value 2 Total No. 

N= 587 
Dead No. 
N= 227 

HR (95% CI) 1 
p-value 2 

Pharynx 
2614 

(37.8%) 
519 

(39.0%) 
 1.24** (1.10- 1

.41)  
118 

(20.1%) 
54 (23.8%) 

1.62* (1.02- 2.55) 
 

Waldeyers ring 
84.0 

(1.2%) 
29 (2.2%) 

 2.10** (1.43- 3
.07)  

6 (1.0%) 3 (1.3%) 
1.72 (0.49- 6.10) 

 

Nasal cavity and 
sinus 

936 
(13.5%) 

240 
(18.0%) 

 1.58** (1.34- 1
.85)  

345 
(58.8%) 

137 (60.4%) 
1.85** (1.22- 2.82) 

 

Treatment    <0.001          0.094 

None 600 (8.7%) 127 (9.5%) Referent  50 (8.5%) 16 (7.0%) Referent  

Radiation only 484 (7.0%) 111 (8.3%) 
 1.06 (0.82- 1.

37)  
64 (10.9%) 22 (9.7%) 

0.87 (0.45- 1.71) 
 

Surgery only 
946 

(13.7%) 
144 

(10.8%) 
 0.71** (0.56- 0

.90)  
32 (5.5%) 6 (2.6%) 

0.41 (0.16- 1.06) 
 

Chemo only 
1421 

(20.5%) 
335 

(25.2%) 
 1.09 (0.89- 1.

34) 
 115 

(19.6%) 
54 (23.8%) 

1.08 (0.60- 1.95) 
 

Radiation and 
surgery 

548 (7.9%) 61 (4.6%) 
 0.51** (0.37- 0

.69)  
34 (5.8%) 11 (4.8%) 

0.75 (0.34- 1.64) 
 

Chemo and surgery 
1011 

(14.6%) 
202 

(15.2%) 
 0.89 (0.71- 1.

12)  
52 (8.9%) 24 (10.6%) 

1.07 (0.55- 2.08) 
 

Radiation and chemo 
1182 

(17.1%) 
236 

(17.7%) 
 0.80* (0.64- 0.

99) 
 160 

(27.3%) 
57 (25.1%) 

0.64 (0.35- 1.15) 
 

Radiation, surgery 
and chemo 

723 
(10.5%) 

115 (8.6%) 
 0.68** (0.52- 0

.88)  
80 (13.6%) 37 (16.3%) 

0.79 (0.43- 1.47) 
 

Stage    <0.001         <0.001 

Localized 
3400 

(49.2%) 
508 

(38.2%) Referent  

298 
(50.8%) 

87 (38.3%) 
Referent 

 

Regional 
2165 

(31.3%) 
421 

(31.6%) 
 1.33** (1.16- 1

.52) 
 167 

(28.4%) 
73 (32.2%) 

1.90** (1.35- 2.67) 
 

Distant 
1350 

(19.5%) 
402 

(30.2%) 
 2.14** (1.86- 2

.45)  

122 
(20.8%) 

67 (29.5%) 
2.60** (1.84- 3.68) 

 

P for trend   <0.001    <0.001  

Year of diagnosis  
  0.92** (0.90- 0

.93) <0.001 
 

 
0.96* (0.92- 0.99) 

 
0.022 
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 Mature B-cell lymphomas Mature NK/T-cell lymphomas 

Characteristic 
Total No. 
N= 6915 

Dead No. 
N= 1331 

HR (95% CI) 1 
p-value 2 Total No. 

N= 587 
Dead No. 
N= 227 

HR (95% CI) 1 
p-value 2 

2000 county % < high school education 0.344    0.624 

0%-13.55% 
1429 

(20.7%) 
262 

(19.7%) Referent 
 93 (15.8%) 31 (13.7%) 

 
Referent 

 

13.56%-16.78% 
1421 

(20.5%) 
259 

(19.5%) 
 0.98 (0.82- 1.

17) 
 110 

(18.7%) 
41 (18.1%) 

0.97 (0.59- 1.58) 
 

16.79%-20.54% 
1549 

(22.4%) 
292 

(21.9%) 
 1.03 (0.86- 1.

23)  

140 
(23.9%) 

64 (28.2%) 
1.28 (0.80- 2.03) 

 

20.55%-29.47% 
1226 

(17.7%) 
233 

(17.5%) 
 1.11 (0.90- 1.

37)  
92 (15.7%) 32 (14.1%) 

0.98 (0.55- 1.75) 
 

>29.48% 
1290 

(18.7%) 
285 

(21.4%) 
 1.22 (0.97- 1.

54)  

152 
(25.9%) 

59 (26.0%) 
1.19 (0.64- 2.22) 

 

P for trend   0.042    0.507  

2000 county median household income 0.118    0.106 

$0-$38,790 
1415 

(20.5%) 
304 

(22.8%) Referent  
83 (14.1%) 35 (15.4%) 

 
Referent 

 

$38,791-$42,190 
1486 

(21.5%) 
298 

(22.4%) 
 0.82* (0.69- 0.

97)  

161 
(27.4%) 

59 (26.0%) 
0.82 (0.51- 1.30) 

 

$42,191-$48,370 
1227 

(17.7%) 
220 

(16.5%) 
 0.88 (0.73- 1.

06) 
 114 

(19.4%) 
52 (22.9%) 

1.31 (0.78- 2.20) 
 

$48,371-$56,610 
1388 

(20.1%) 
251 

(18.9%) 
 0.81* (0.66- 0.

98)  

118 
(20.1%) 

40 (17.6%) 
0.74 (0.43- 1.29) 

 

>$56,611 
1399 

(20.2%) 
258 

(19.4%) 
 0.87 (0.71- 1.

07)  

111 
(18.9%) 

41 (18.1%) 
0.93 (0.51- 1.68) 

 

P for trend   0.109    0.363  

 
Abbreviations: HR, Hazard Ratio; CI, Confidence Interval; NH, Non-Hispanic; API, Asian, Pacific Islander; AIAN, American Indian/ Alaskan Native.  
1 Five-year hazard ratio according to a multivariable Cox proportional-hazard model.  
2 p-value according to a likelihood-ratio (LR) test.  
*p<0.05; **p<0.01.  
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Supplementary Figure legend 
Supplementary Figure 1A.  
Kaplan-Meier curve illustrating survival probabilities for patients who were diagnosed with malignant lymphoma in oral cavity and pharynx at stage 
localized (yellow line), regional (blue line) and distant (red line) from 1998 through 2011. The survival probabilities during the five-year follow-up 
period showed statistically significant difference across the three groups according to a log-rank test (p<0.001).  
 
Supplementary Figure 1B.  
Kaplan-Meier curve illustrating survival probabilities for patients who were diagnosed with malignant lymphoma in oral cavity and received no 
treatment (black line), treated with radiation only (red line), surgery only (orange line), chemotherapy only (blue line), radiation and surgery (purple 
line), chemotherapy and surgery (navy line), radiation and chemotherapy (gray line), radiation, surgery and chemotherapy (green line) from 1998 
through 2011. The survival probabilities during the five-year follow-up period showed statistically significant difference across the treatment groups 
according to a log-rank test (p<0.001).  
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