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ABSTRACT

Background: Comorbidities have shown to highly influence the outcome and risk of death of head
and neck cancer patients. The purpose of this study was to examine the comorbidities among oral
cavity squamous cell carcinoma (OSCC) patients, and to investigate the impact of comorbidities on
overall survival (OS) and recurrence free survival (RFS).

Methods: Patients diagnosed with OSCC in Eastern Denmark in the period 2000-2014 and treated
with curative intend were included. Patients data were linked to the Danish National Patients Register
to identify comorbidities based on the Charlson Comorbidity Index (CCl) at the time of diagnosis and
five years after diagnosis. Each patient was age-and sex-matched in a 1:10 ratio with an age and sex
matched reference group.

Results: A total of 1,183 patients and 11,830 controls were included. Overall this study found comor-
bidities to be more common among OSCC compared to the reference group both at the time of diag-
nosis and five years after. The 5-year OS among patients with a CCl score of zero, one, two, and three
or above was 60%, 44%, 41%, and 40%, respectively. Similarly, the multivariate cox-regression analysis
showed that patients with increasing CCl score also had an increasing risk of death compared to
patients with no comorbidities.

Conclusion: OSCC patients had significantly higher comorbidity burden at diagnosis and risk of devel-
oping additional comorbidities after diagnosis compared to the reference population. Survival out-
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comes decreased significantly with higher CCI.

Introduction

Oral cavity squamous cell carcinomas (OSCC) make up a
noteworthy proportion of head and neck cancers with a glo-
bal incidence of approximately 300,000 cases annually [1-3].
In Denmark, OSCC accounts for more than 20% of the head
and neck cancer cases and the incidence is increasing [4,5].
From 1980 to 2014 the incidence rate increased from 1.9 to
3.5 per 100.000 per year in the Danish population [6].
However, despite the clinical improvements in diagnosis, sur-
gical techniques, and treatment opportunities the 5-years
survival rate has remained at approximately 50% [1,2,6].
Tobacco and alcohol consumption are major risk factors for
developing OSCCs [1,7,8]. Further, it is shown that tobacco
and alcohol consumption have a synergistic effect on carcin-
oma development [8,9]. Moreover, both tobacco and alcohol
consumption are associated to several other diseases such
as: pulmonary, cardiovascular, and hepatic [10-12].
Comorbidities in head and neck cancer patients have a
high impact on mortality with death from nonmalignant
comorbidities reaching 35% at 5years [13-15] and have

been shown to influence treatment decision in these patients
[16]. One of the most widely used indexes to predict survival
among cancer patients is the Charlson Comorbidity Index
(CCl) [17-19]. CCI uses medical records to categorize comor-
bidities in weighted and summed score [20]. The Danish
health care system provides free access to diagnostic and
treatment from general practitioners to public university hos-
pitals for every citizen, financed by general taxes. All OSCC
patients are treated in a close collaboration with oncologist
accordingly to national guidelines by the Danish Head and
Neck Cancer Group (DAHANCA) [21,22]. This provides the
ideal basis for investigation the impact of comorbidities on
patient with OSCC.

The purpose of this study was to report on the comorbid-
ities based on the CCl score for OSCC patients at diagnosis
and five years after cancer treatment in reference to an age-
and gender matched population. Additionally, the impact of
comorbidities on the overall survival (OS) and recurrence free
survival (RFS) is reported.
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Materials and methods

All patients from the Copenhagen Oral Cavity Squamous Cell
Carcinoma (COrCa) database treated with curative intend
were enrolled. The COrCa database contains information on
1,399 OSCC patients diagnosed or treated in Eastern
Denmark (2.4 million residents; 46% of the Danish popula-
tion) in the period 2000 to 2014. All patients registered with
OSCC in the Danish Pathology Registry (DPR) and/or treated
at the University Hospital of Copenhagen between 2000 to
2014 is included in the COrCa database [23]. DPR is a
national database which contains information on pathology
performed since 1970 in Denmark [24]. Using DPR numerous
patient data could be extracted to the COrCa database [23]..
The precise content of the COrCa-database has been
described previously [23].

Data on comorbidities were derived from the Danish
National Patient Register (DNPR). The DNPR contains informa-
tion on all inpatient consultations after 1978 according to the
ICD-classification in Denmark and implemented ambulatory
hospital consultations after 1995 (25,26]. Data from the DNPR
were combined with data from the COrCa database using the
unique personal identification numbers of the patients [26].

Each OSCC patient in the study was matched on age, sex,
and calendar time with ten subjects from the general popu-
lation (henceforth the ‘reference population’) identified
through the DNPR. No subject from the reference population
was diagnosed with an OSCC at the time of matching.

The medical comorbid disease burden was extracted by
means of the Charlson Comorbidity Index (CCl) at time of
diagnosis and five years after diagnosis or the last date of
follow-up (the April 14™ 2020). CCl consists of 19 medical
conditions weighted from one to six based on its potential
to influence mortality with a maximal score possible of 33
(see Supplementary Table 1) [20]. The use of CCl in the
DNPR has been reported to have an overall positive predict-
ive value of 98%. The high overall positive predictive value
indicates that the CCl ICD-classification diagnostic codes are
coded in the DNPR very accurately [27]. Records on patient
comorbidities were extracted from the DNPR as mentioned
above and stratified on CCl score (Supplementary Table 1).
Records of any OSCC diagnosis were excluded from calcula-
tions of the CCl score. Additionally, age was not included in
the CCI calculations.

For the survival analysis, patients were grouped according
to their weighted CCI score at time of diagnosis comprising
CCl score of zero, one, two, and three or above. Patients
with a CCl score equal or above one were consid-
ered comorbid.

OS was defined as time from diagnosis to death by any
cause. RFS was defined as time from diagnosis to recurrence
or death by any cause. Patients who were alive at the last
follow-up date were censored at this date. (See
Supplementary Table 3, for STROBE [28] check list)

Statistical analysis

Statistical analysis was performed in the statistical environ-
ment R statistics version 3.6.1 (Stanford University, Stanford,

CA, USA) [29]. A correlation of Union for International Cancer
Control (UICC)-stage (8" edition) and CCl was conducted.
Uni- and multivariate cox regression analyses were con-
ducted for the following variables: age, sex, anatomical sub-
location, CCl score, UICC, T-stage, N-stage, smoking, and
treatment. An interaction analysis of CCl and UICC was also
included. Kaplan-Meier analyses were used to asses 5-year
OS and RFS based on CCl score. The calculations were per-
formed with the ‘survival’ package and/or ‘survminer’ pack-
age [30,31]. Additionally, the odds ratio (OR) calculations
were performed with the fmsb’ package [32]. We considered
p-values less than .05 to indicate statistical significance.

Results

A total of 1,183 OSCC patients and 11,830 age- and sex
matched controls were enrolled in this study. The majority
were males (62.5%, n=740) and median age at time of diag-
nosis was 62 years (range: 23-99years). A detailed character-
ization of the patient cohort has been published previously
[23]. The mean CClI score of the patients at the time of diag-
nosis was 0.76 (95%CI 0.70-0.82) compared to a mean score
of 0.27 (95%Cl 0.26-0.28) in the reference population. Five
years after diagnosis the mean CCl score had increased to
1.00 (95%Cl 0.96-1.08) among the patients and 0.38 (95%ClI
0.37-0.39) in the reference population. No correlation
between UICC-stage and CCl score (p=.94) was identified
(Table 1).

Comorbidities

At the time of diagnosis, the three most common comorbid-
ities among the OSCC patients were non-metastatic malig-
nancies (i.e. other than OSCC) (14%, n=167), chronic
pulmonary disease (6.6%, n=78), and peripheral vascular dis-
ease (6.3%, n=75) (Table 2). While in the reference popula-
tion the most common comorbidities were cerebrovascular
disease (4.1%, n=325), chronic pulmonary disease (3.9%,
n=464), and myocardial infarction (3.1%, n=370).

Patients with OSCC had a significantly higher risk of hav-
ing a secondary malignancy both metastatic (OR = 90.7,
95%Cl 11.5-716, p<.01) and non-metastatic malignancies
(OR = 88.2, 95%CI 56.3-138, p <.01) compared to the refer-
ence population. Further, the OSCC patients had significantly
increased risk of several other comorbidities including mod-
erate-severe liver disease (OR= 10.1, 95%C| 4.93:20.7,
p=.03), and chronic pulmonary diseases (OR = 18.0, 95%ClI
13.3-24.5, p <.01), (Table 2). No comorbidities were signifi-
cantly increased in risk among the reference population
compared to OSCC patients at the time of diagnosis.

The most common comorbidities acquired after the OSCC
treatment and up to five years after continued to be non-
metastatic malignancies (24%, n=284). Further, metastatic
malignancies rose to be the second most common comor-
bidity (11%, n=131) among the OSCC patients followed by
chronic pulmonary disease (4.8%, n=57) and peripheral vas-
cular disease (4.7%, n=>56) (Table 3). Malignancies after
treatment of OSCC continued to be of significant higher risk
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Table 1. Average CCl score at the time of diagnosis and five years after.
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Average CCl at the time of
diagnosis for OSCC patients

(95% CI) group (95% Cl)

Average CCl at the time of
diagnosis for the reference

Average CCl after five years
diagnosis of the patients
(95% Cl)

Average CCl after five years
for the reference group
(95% ClI)

Total 0.76 (0.70;0.82) 0.27 (0.26;0.28)
Gender

Male 0.79 (0.75;0.83) 0.27 (0.26;0.29)
Female 0.70 (0.65;0.74) 0.26 (0.25;0.28)

1.00 (0.96;1.08) 0.38 (0.37;0.39)

1.08 (0.99;1.16)
0.91 (0.80;1.02)

0.39 (0.37;,0.41)
0.38 (0.35;0.40)

Table 2 . The odds ratio of specific comorbidities at the time of diagnosis was calculated for patients with OSCC compared to an age-

and sex-matched reference group.

Comorbidity 0SCC n (%) Control n (%) OR (95%Cl) p-Value
Myocardial infarction 41 (3.5%) 370 (3.1%) 1.11 (0.80:1.54) .53
Congestive heart failure 4 (0.3%) 9 (0.1%) 4.46 (1.37:14.5) .01
Peripheral vascular disease 74 (6.3%) 325 (2.7%) 2.40 (1.83:3.10) <.01
Cerebrovascular disease 66 (5.6%) 480 (4.1%) 1.40 (1.07:1.82) .01
Dementia 9 (0.8%) 63 (0.5%) 1.43 (0.71:2.88) 32
Chronic pulmonary disease 78 (6.6%) 464 (3.9%) 18.0 (13.3:24.5) <.01
Connective tissue disease 33 (2.8%) 219 (1.8%) 1.52 (1.05:2.20) .03
Ulcer disease 57 (4.8%) 246 (2.1%) 2.38 (1.78:3.20) <.01
Mild liver disease 61 (5.2%) 78 (0.7%) 8.19 (5.83:11.5) <.01
Diabetes mellitus 37 (3.1%) 327(2.8%) 1.13 (0.8:1.60) 47
Hemiplegia 2 (0.2%) 14 (0.1%) 1.43 (0.32:6.3) .64
Chronic kidney disease 30 (2.5%) 111 (0.9%) 2.75 (1.83:4.13) <.01
Diabetes mellitus with chronic complications 22 (2.9%) 202 (1.7%) 1.09 (0.70:1.70) .70
Malignancy, non-metastatic 167 (14%) 22 (0.2%) 88.2 (56.3:138) <.01
Moderate-severe liver disease 15 (1.3%) 15 (0.1%) 10.1 (4.93:20.7) <.01
Malignancy, metastatic 9 (0.8%) 1 (.01%) 90.7 (11.5:716) <.01
AIDS 3 (0.3%) 11(0.1%) 2.73 (0.76:9.81) 12

OR: Odds ratio; Cl: Confidence interval; CCl: Charlson Comorbidity Index; OSCC: Oral squamous cell carcinoma.

Table 3. The odds ratio of specific comorbidities acquired from the date of the OSCC diagnosis up to five years after the diagnosis date
was calculated for patients with OSCC compared to an age-and sex-matched reference group.

Comorbidity 0SCC n (%) Control n (%) OR (95% Cl) p-Value
Myocardial infarction 17 (1.4%) 203 (1.7%) 0.84 (0.51:1.38) 49
Congestive heart failure 0 (0.0%) 11 (0.1%) - -
Peripheral vascular disease 56 (4.7%) 282 (2.4%) 2.12 (1.58:2.84) <.01
Cerebrovascular disease 33 (2.8%) 365 (3.1%) 0.92 (0.64:1.32) 64
Dementia 6 (0.5%) 84 (0.7%) 0.94 (0.41:2.17) .88
Chronic pulmonary disease 57 (4.8%) 423 (3.6%) 1.41 (1.07:1.87) .02
Connective tissue disease 8 (0.7%) 167 (1.4%) 0.48 (0.24:0.98) .04
Ulcer disease 31 (2.6%) 103 (0.9%) 3.16 (2.10:4.74) <.01
Mild liver disease 35 (3.0%) 60 (0.5%) 6.27 (4.11:9.56) <.01
Diabetes mellitus 16 (1.4%) 207 (1.7%) 0.77 (0.46:1.29) 32
Hemiplegia 1 (0.1%) 13 (0.1%) 0.77 (0.10:5.89) .80
Chronic kidney disease 25 (2.1%) 148 (1.3%) 1.74 (1.13:2.66) .01
Diabetes mellitus with chronic complications 18 (1.5%) 186 (1.6%) 0.97 (0.60:1.58) .90
Malignancy, non-metastatic 284 (24%) 918 (7.8%) 3.17 (2.74:3.66) <.01
Moderate-severe liver disease 17 (1.4%) 33 (0.3%) 5.78 (3.21:10.4) <.01
Malignancy, metastatic 131 (11%) 124 (1%) 11.9 (9.20:15.3) <.01
AIDS 1 (0.1%) 8 (0.1%) 1.25 (0.16:10.0) .83

OR: Odds ratio; Cl: Confidence interval; CCl: Charlson Comorbidity Index; OSCC: Oral squamous cell carcinoma.

for the OSCC patients compared to the reference population
with an OR for non-metastatic of 3.17 (95%C| 2.74-3.66,
p <.01) and an OR for metastatic malignancy of 11.9 (95%Cl
9.20 — 15.3, p<.01). Overall, the same comorbidities contin-
ued to have increased OR among OSCC patient compared to
the reference population. Congestive heart failure did not
have increased OR among the patients five years after OSCC
treatment. Additionally, OSCC patients had significantly lower
risk of developing connective tissue disease compared the
reference population (OR= 0.48, 95%Cl| 0.24-0.98, p =.04).
Connective tissue disease was the only comorbidity with
lower risk of development among the OSCC patients com-
pared to the reference population (Tables 2 and 3).

Survival

The 5-year OS was 60% among patients with a CCl score of
zero. Patients with CCl scores of one, two, or three or above
had a 5-year OS of 44%, 41%, and 40%, respectively (Figure
1), and the 5-year rates for RFS were 51%, 37%, 33%, and
36%, respectively.

Multivariate cox-regression analysis adjusting for age, sex,
anatomical sublocation, UICC-stage, smoking, and treatment
showed significantly increased hazard ratios (HR) for patients
with CCl score one, two, and three or above, compared to
patients with a CCl score of zero for both OS and RFS (See
Table 4 and Supplementary Table 2). The effect of a CCl
score of one had a HR for OS of 1.47 (95%Cl| 1.20-1.79), a
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Figure 1. Kaplan-Meier survival curves stratified CCl score. (A) 5-year overall survival and (B) Recurrence free survival. *This analysis was not age-adjusted. CCl:

Charlson Comorbidity Index.

CCl score of two had a HR for OS of 1.57 (95%Cl 1.27-1.94)
and a CCl score of three or above had a HR for OS of 1.98
(95%CI 1.58-2.48) compared to CCl score zero. While the HR
of CCl score one for RFS was 1.33 (95%C| 1.10-1.62), of CCl
score two for RFS was 1.48 (95%Cl| 1.21-1.80) and of CCl

score three or above for RFS was 1.55 (95%Cl 1.25-1.94)
compared to CCl score zero (Table 4). UICC and CCI score
had no significant interaction effect (p=.09) on the survival
among the OSCC patients, while the interaction of CCl and
treatment modality significantly impacted survival (p =.05).
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Table 4. Univariate and multivariate analysis of factors affecting overall survival and recurrence free survival —>2.

Overall survival

Recurrence free survival

Univariate Multivariate Univariate Multivariate

N Events  HR (95%Cl) p-Value  HR (95%Cl) p-Value  Events  HR (95%Cl) p-Value  HR (95%Cl) p-Value
Age (median) 62 748 1.02 (1.02;1.03) <.01 1.03 (1.03;1.04) <.01 808 1.02 (1.01;1.03) <.01 1.03 (1.02;1.04) <.01
Gender
Female 433 Reference Reference Reference Reference
Male 740 1.22 (1.05;1.41) .01 1.27 (1.08;1.49) <.01 1.13 (0.98;1.30) .09 1.18 (1.02;1.38) .03
CCl Score
0 702 Reference Reference Reference Reference
1 192 1.48 (1.25;1.80) <.01 1.47 (1.20;1.79) <.01 1.39 (1.13;1.65) <.01 1.33 (1.10;1.62) <.01
2 163 1.61 (1.32;1.97) <.01 1.57 (1.27;1.94) <.01 1.52 (1.25;1.85) <.01 1.48 (1.21;1.80) <.01
>3 126 1.92 (1.54;2.40) <.01 1.98 (1.58;2.48) <.01 1.58 (1.27;1.97) <.01 1.55 (1.25;1.94) <.01
UICC-stage
1 310 Reference Reference Reference Reference
2 218 1.79 (1.40;2.28) <.01 1.47 (1.15;1.90) <.01 1.61 (1.28;2.02) <.01 1.42 (1.12;1.79) <.01
3 156 2.37 (1.83;3.05) <.01 2.12 (1.61;2.79) <.01 2.14 (1.69;2.73) <.01 1.91 (1.47,2.48) <.01
4 305 3.17 (2.55;3.94) <.01 2.10 (1.62;2.71) <.01 291 (2.37;3.57) <.01 2.07 (1.62;2.63) <.01
Unknown 194 - - - - - - - -
Anatomical sublocation
FOMP 462 Reference Reference Reference Reference
Tongue 421 0.87 (0.74;1.04) 12 0.94 (0.79;1.13) 52 0.90 (0.76;1.06) .19 0.97 (0.81;1.14) .69
Gingiva 132 1.18 (0.93;1.50) .16 0.90 (0.70;1.17) 45 1.13 (0.90;1.42) .28 0.87 (0.68;1.12) 28
Other 168 1.18 (1.06;1.50) .01 1.08 (0.86:1.35) 49 1.13 (1.08;1.43) <.01 1.12 (0.90:1.38) 30

“This analysis is based on Cox regression, with calculation of 95% confidence intervals (Cls). Variables were coded as categorical except for age, which was a
continuous numeric variable. Hazard ratios represent either a comparison with the first reference per group or as a repeated analysis where the hazard ratio rep-

resents a comparison with the previous variable in the list.
~>PFOM: Floor of mouth; HR: Hazard Ratio.

Discussion

This retrospective population-based study found that OSCC
patients had a significant higher comorbidity burden at diag-
nosis and higher risk of developing additional comorbidities
after diagnosis compared to the general population.
Additional, patients with a high CCl score had worse 5-year
outcome compared to patients with no comorbidities. This
was also evident in the multivariate cox regression which
showed significantly increased HR for patients with CCl
scores of one, two, and three or above compared to zero.
Overall, the comorbidities were predominantly associated
with tobacco smoking and high alcohol intake beside add-
itional malignancy, cardiovascular, pulmonary, hepatic, and
ulcer diseases. This was seen both at the time of diagnosis
and five years after diagnosis. Two large population-based
studies on comorbidities in head and neck cancer patients
reported similar findings [33,34]. Boje et al. [33] (n=12623)
reported chronic pulmonary disease (7.6%), diabetes (7.2%),
and cerebrovascular disease (6.9%) as the three most com-
mon comorbidities. Stordeur et al. [34] (n=28821) reported
chronic pulmonary disease (19.4%), diabetes (8.0%), and per-
ipheral vascular disease (5.6%) as the three most common
comorbidities. In a recent study from our research group
with oropharyngeal cancer patients [35] the smoking-and
high alcohol intake-associated comorbidities were most com-
mon among the HPV-negative patients compared to HPV-
positive patients. In line with the latter findings a Taiwanese
study by Yang et al. [36] found malignancy (metastatic
(40.1%) and non-metastatic (11.3%)) to be the most common
comorbidity among EBV-positive nasopharyngeal cancer
patients. This is corresponding to our findings where OSCC
patients had a significantly increased OR of non-metastatic
malignancy at the time of diagnosis with 14% of the study
population having an additional malignancy. Additional
malignancy increases the CCl score with two points, and an

increased CCl score is correlated with worse OS among the
OSCC patients. Clinicians need to be aware that OSCC
patients have a great risk of additional malignancies when
diagnosed with OSCC.

Timely treatment of the OSCC is essential to achieve opti-
mal outcome for the OSCC patients. However, comorbidities
have been implicated to affect time to treatment and thus
survival. The study by Stordeur et al. [37] found an significant
association between CCl score and time to treatment in
head and neck cancer patients and multiple studies report
comorbidities as being a major risk factor for mortality and
complications in head and neck surgery [38,39]. This demon-
strate the need for further studies focusing on the correl-
ation of comorbidities and time to treatment for
OSCC patients.

We found the OS to be decreasing with increasing CCl
among OSCC patients. Similar survival outcomes were reported
in studies from Boje et al. and Storedeur et al. on head and
neck cancer patients accessing comorbidities using CCl [33,34].
An interesting finding in our study was that CCl score had a
greater impact on the HR for OS compared to the RFS. An
explanation for this could be that comorbidities greatly increase
the risk of death, while not necessary increasing the risk of
recurrence. This is supported by the fact that rate of recurrence
was similar among the different CClI groups: 31% of patients
with a CCl score of zero had a recurrence, 30% of patients with
CCl score of one had a recurrence, 36% of patients with a CCl
score of two had a recurrence, and 25% of patients with a CCl
score of three or above had a recurrence. An additional explan-
ation could be that patients with a high CCl score dies before
a potential recurrence can occur. This is supported by that the
lowest recurrence rate was seen among patients with a CCl
score of three or above.

The Danish health care system is universal and tax-
financed. Patients are provided treatment independently of
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social status, income or insurance at public university hospi-
tals and patient data is uniformly registered in nationwide
registers. This diminishes selection bias. An additional
strength of this study is the elaborated information included
in the COrCa-database. The high quality of data was col-
lected thorough examination of medical charts of each indi-
vidual patient [23]. A limitation of this study is the lower
certainty factor in the beginning of the study period. The
increase in certainty factor is based on the implementation
of various image modalities like CT, MRI, and PET-CT as well
as the sentinel node biopsy procedure leading to a possible
stage migration [40]. The technique evolution may also influ-
ence the comorbidities.

In this study the CCl score of the patients was calculated
based on data from the DNPR. There are limitations to this
since the data is based on the accuracy of input by clinicians
and nurses and that only comorbidities treated in hospitals
are registered, meaning that comorbidities treated in primary
care facilities or general practitioners is not encoded. This
will cause a small percentage of misclassifications and coding
errors to be present. However, as previously mentioned the
use of CCl in the DNPR has been reported to have an overall
positive predictive value of 98% [27].

In conclusion, OSCC patients have a significantly higher
comorbidity burden at diagnosis and risk of developing add-
itional comorbidities after diagnosis compared to age- and
sex-matched reference population. The most frequent comor-
bidities among OSCC patients were all somewhat associated
with tobacco smoking and high alcohol intake. Further, sur-
vival outcomes decreased significantly with higher CCl, most
evident for OS compared to RFS.
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