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Background

Comorbidity is presumed to impact survival of head and neck squamous cell cancer (HNSCC) patients. However, the prevalence and prognostic impact of comorbidity in these patients is not yet well established. The aim of this study is to outline the comorbidity burden of HNSCC patients and investigate the relation to overall survival and cancer-specific mortality.



Methods

The comorbidity burden of patients registered with HNSCC in the Danish Cancer Registry between 1980 and 2014 was evaluated based on the Charlson Comorbidity Index (CCI). Patients’ risks of comorbid conditions compared to age- and gender-matched controls were estimated by odds ratios (OR). The impact of comorbidity on overall survival and cancer-specific mortality was evaluated by Cox regression and Kaplan-Meier survival analysis.



Results

A total of 25,388 HNSCC patients were included (72.5% male; mean age 63.2 years at diagnosis; median follow-up 3.0 years). CCI at diagnosis was significantly higher in patients compared to controls (p < 0.001). The most common comorbid conditions among the patients were additional non-metastatic malignancy (10.9%) and cerebrovascular disease (7.7%). Compared to controls, patients had higher odds of metastatic malignancy (OR: 4.65; 95% CI: 4.21–5.15; p < 0.001), mild liver disease (OR: 6.95; 95% CI: 6.42–7.53; p < 0.001), and moderate-severe liver disease (OR: 7.28; 95% CI: 6.14–8.65; p < 0.001). The multivariate Cox analysis revealed increasing hazard ratios with increasing CCI and in coherence the Kaplan-Meier curves showed poorer overall survival and increased cancer-specific mortality in patients with higher CCI.



Conclusion

HNSCC patients’ comorbidity burden was significantly greater compared to the general population and increased comorbidity was correlated with increased cancer-related mortality.
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Introduction

More than 90% of cancers in the head and neck region are squamous cell carcinomas (HNSCC) (1), a heterogeneous group of malignancies arising from the squamous mucosal lining of the oral cavity, nasopharynx, oropharynx, hypopharynx, sinonasal cavities, and larynx. Globally, the incidence of registered malignancies of the lip, oral cavity, pharynx, and larynx increased from 686,000 new cases in 2012 to 835 000 new cases in 2018 (2, 3). HNSCC is responsible for considerable mortality with an estimated 431,000 deaths in 2018 and exhibit a multifactorial etiology, largely attributed to smoking and excessive alcohol consumption, and in recent years infection with human papillomavirus (HPV) has become a well-accepted risk factor of HNSCC originating from the oropharynx (3, 4).

Medical comorbidities in HNSCC affect mortality, treatment outcome, and ability to complete therapy and adhere to follow-up regimens (5–8). The Charlson Comorbidity Index (CCI) is a method to determine prognostic comorbidity of patients in longitudinal studies and takes into consideration 17 comorbid conditions each assigned a certain weight (9, 10). The CCI approach is based on the International Classification of Diseases (ICD) and has proved to be precise in register-based studies (11, 12). Long-term data on HNSCC patients’ comorbidities and CCI development is lacking and could possibly ameliorate understanding of the medical challenges that patients face and modify follow-up strategies.

This study reports the comorbidity burden and the related survival of Danish HNSCC patients in a population-based, nation-wide setting and investigates the increase of CCI over time after HNSCC diagnosis. In addition, it reports the most prevalent comorbid conditions in patients and controls.



Patients and Methods

This study was based on data from the Danish Cancer Registry (DCR), the central population registry (CPR), the Register of Causes of Death (RCG), and the Danish National Patient Register (NPR). DCR contains information on cancer diagnoses such as date of diagnosis, tumor location, and tumor morphology, and registration became mandatory in 1987 (13). Diagnostic classifications are coded according to the International Classification of Diseases of Oncology (ICD-O) with the use of ICD-O-3 topography and morphology codes. Cancers diagnosed in DCR have been converted from ICD-O into ICD-10. CPR contains information on vital status, gender, and date of birth linked to unique civil registration numbers, which is assigned to all Danish residents at birth or upon immigration (14). RCG contains information on cause-specific mortality of all deceased Danish residents (15). NPR comprises all registered hospital contacts in Denmark since it was established in 1977, however contains a small fraction of registrations before 1977 dating back to 1946. Each hospital contact in the NPR has a unique record number to which civil registration number, dates, medical and surgical procedures, and diagnosis codes are linked. Diagnostic information in NPR is coded in accordance with International Classification of Diseases (ICD), and hospital contacts were registered using the 8th edition (ICD-8) from 1980 to 1993, and the 10th edition (ICD-10) from 1994 to 2014 (16). In Denmark, all citizens have tax-funded and equal access to public healthcare ensuring a consistent registration of disease in all social classes. This study had an observation period between 1946 and 2016 and a study period between 1980 and 2014. Consequently, patients diagnosed within the study period were included and any registration regarding comorbidities of patients made in the observation period were included.

All patients registered with a HNSCC in DCR in the study period were included, and HNSCC was defined based on ICD-10 codes (Supplementary Table S1) and ICD-O-3 morphology codes: 80513, 80523, 80703, 80713, 80723, 80733, 80743, 80753, 80763, 80833, 81203, 81213, 81233. Based on ICD-10 codes, HNSCC were divided into seven topographical groups: Oral cavity, oropharynx, nasopharynx, hypopharynx, sinonasal cavities, larynx, and unspecified sites. The unspecified sites category encompasses overlapping and unspecified sites in the oral cavity and pharynx. Further, additional primary malignancies outside the abovementioned locations were classified in eight topographical groups: Skin, digestive organs, genital organs, respiratory organs, urinary tract, hematolymphoid, breast, and other (Supplementary Table S2).

Patient information on vital status, gender, and date of birth in CPR, cause of death in RCG as well as records of hospital contacts in NPR was obtained by individual linkage of their unique civil registration number. Death was considered cancer-specific if one of the registered causes of death was a HNSCC based on ICD-10 codes (Supplementary Table S1). The last day of follow-up was December 15th, 2016. HNSCC patients were divided into four groups based on treatment modality: Surgery; surgery with adjuvant radiotherapy, chemotherapy, or both; primary radiotherapy, chemotherapy, or both; and unknown. For patients diagnosed between 1980 and 2003, treatment modality was obtained from DCR based on their own classification, and for patients diagnosed between 2004 and 2014, treatment modality was evaluated based on medical and surgical procedures performed in connection with hospital contacts related to the HNSCC diagnosis registered in NPR. The DCR discontinued updating the treatment modality variable after 2003 which is why information on treatment were obtained by two different methods. Each of the included patients was age- and gender-matched with 9–10 control subjects without a HNSCC diagnosis. Control subjects that were censored before the case date of diagnosis was excluded and patients with less than nine matched controls were excluded along with their controls. Data on the control subjects was obtained in the same manner, i.e. from DCR, CPR, and NPR.

CCI was calculated for patients and controls at diagnosis and at 1–10 years after diagnosis. HNSCC diagnosis of the patients was not included in the calculations of CCI. Abbreviations, scoring weights, and corresponding ICD-8 and ICD-10-codes of included comorbid conditions are available in Supplementary Table S3. Information on malignancies was obtained from DCR and records of other conditions from NPR. As the NPR contains recorded hospital contacts, the date of an acquired condition is the earliest date that the patient required an inpatient or outpatient hospital visit for the specific condition. Patients and controls were divided into groups with CCI of 0, 1, 2, 3, and ≥4. Further, a comorbidity-age combined risk score was calculated for patients and controls at diagnosis based on CCI and an age score adding an additional point for each decade with 40 years being the zero rank. Patients were divided into four comorbidity-age risk score groups with scores of 2, 3, 4, and ≥5, and into five age groups: <50, 50–59, 60–69, 70–79, and ≥80 years in accordance with the comorbidity-age combined risk score system (9).


Statistical Analysis

The statistical analysis was performed in R version 3.5.0 (17). The comorbidity burdens of patients and the controls was compared using the R package “fmsb” (18). Odds ratios (OR) for patients to acquire each of the comorbid conditions and a specific additional malignancy compared to controls at date of diagnosis was calculated with the function “fmsb::oddsratio.” Means and 95% confidence intervals of CCI were calculated for subjects at date of diagnosis and at 1–10 years, grouping by gender, age, tumor location, and CCI at date of diagnosis. Unpaired t-tests were carried out to compare means of patients versus controls, and males versus females. Paired t-tests were carried out to compare means of patients or controls at diagnosis versus at 5-year follow-up.

Analysis of overall survival and cancer-specific mortality was carried out using the R packages “Survival” and “Survminer” (19, 20). Univariate and multivariate Cox proportional hazard models were used to compute hazard ratios (HR) for survival including all factors in Table 1 with the “survival::coxph” function. In the multivariate analysis we adjusted for age, gender, anatomical location, and treatment modality. Kaplan-Meier curves stratified by CCI and comorbidity-age risk score at date of diagnosis was made with the “survival::survfit” and “survminer::ggsurvplot” functions. All patients alive at the last day of follow-up were censored at this date. We considered p-values <0.05 statistically significant.


Table 1 | Cox regression analysis of survival in head and neck squamous cell carcinoma patients diagnosed between 1980 and 2014.






Results

A total of 25,388 HNSCC patients (72.5% male), and 253,368 matched controls were included. The mean age at diagnosis was 63.2 years (95%CI: 63.04–63.33) and the median years of follow-up was 3.0 years (95% CI: 2.93–3.08). Five-year survivors constituted 36.8% (n = 9,350) of all HNSCC patients with a similar gender-distribution (71.2% male). The most prevalent anatomical location was the larynx and oral cavity, accounting for 8,359 (32.9%) and 5,876 (23.1%) patients (Table 1).


Charlson Comorbidity Index at Diagnosis

For patients the mean CCI at diagnosis was 0.81 (95% CI: 0.79–0.82). The comorbidity burden of patients was significantly greater than the comorbidity burden of controls (mean: 0.48; 95% CI: 0.48–0.49) (unpaired t-test of CCI; p < 0.001; 95% CI: 0.31–0.34). When including the HNSCC in patient CCI the mean at diagnosis was 2.56 (95% CI: 2.54–2.57) and was also a significantly greater than mean of CCI in controls (unpaired t-test of CCI; p < 0.001; 95% CI: 2.06–2.09).

During the study period between 1980 and 2014, the mean CCI at diagnosis increased linearly in both patients and controls (Figure 1). Fifteen thousand seven hundred forty-three (62.00%) patients had a CCI of 0 at diagnosis, while 4,393 (17.30%) had a CCI of 1; 2,847 (11.20%) had a CCI of 2; 1,152 (4.54%) had a CCI of 3; and 1,253 (4.94%) had a CCI of ≥4 (Table 1).




Figure 1 | Historical development of Charlson Comorbidity Index (CCI) in head and neck squamous cell carcinoma patients and matched controls in the period 1980–2014 grouped by gender (A) and age (B) with error bars showing 95% confidence intervals.



There was a statistical difference between the CCI of male (mean: 0.30; 95% CI: 0.21–0.39) and female (mean: 0.15; 95% CI: 0.07–0.24) patients (unpaired t-test of CCI; p = 0.013; 95% CI: −0.09–−0.10) (Figure 2). Further, increased age interval did not correlate directly with increased mean CCI at diagnosis, however, patients aged <50 years (mean: 2.37; 95% CI: 2.39−2.40) had lower CCI at diagnosis than patients in the age groups ≥50 years with means between 2.53 and 2.63. With regards to HNSCC tumor location, the lowest mean CCI at diagnosis was seen in patients with tumors of the sinonasal cavities (mean 2.44; 96% CI: 2.39–2.48) and larynx (mean 2.49; 96% CI: 2.47–2.51). The highest mean CCI was seen in patients with tumors of the hypopharynx (mean: 2.73; 95% CI: 2.67–2.79) and oropharynx (mean: 2.64; 95% CI: 2.61–2.67).




Figure 2 | Increase in mean Charlson Comorbidity Index (CCI) of head and neck squamous cell carcinoma (HNSCC) patients and matched controls grouped by gender (A), age (B), and CCI at date of diagnosis (C) with error bars showing 95% confidence intervals.





Comorbid Conditions

The most common comorbid conditions among patients at diagnosis, not including their HNSCC, were additional non-metastatic malignancy (n = 2,772; 10.9%) and cerebrovascular disease (n = 1,962; 7.7%). Similarly, the most common conditions among controls were also non-metastatic malignancy (n = 20,923; 8.3%) and cerebrovascular disease (n = 14,249; 5.6%). Patients were in greater risk of having CCI-related conditions at the date of HNSCC diagnosis compared to controls. Further, the OR of patients having any of the 17 CCI conditions were >1.00 and 13 of these were significant (Table 2). Notably, patients had significantly higher odds of having mild liver disease (OR: 6.95; 95% CI: 6.42–7.53; p < 0.001) and moderate to severe liver disease (OR: 7.28; 95% CI: 6.14–8.65; p < 0.001), as well as non-metastatic malignancy (OR: 1.36; 95% CI: 1.31–1.42; p < 0.001) and metastatic malignancy (OR: 4.65; 95% CI: 4.21–5.15; p < 0.001).


Table 2 | Odds ratios of head and neck squamous cell carcinoma patients having each of the Charlson Comorbidity Index conditions compared to the control group.



The most common additional malignancies among patients were cancers of the skin (n = 995; 3.9%), genital organs (n = 353; 1.4%), and digestive organs (n = 353; 1.4%) (Table 2). In the control group, the most common malignancies were also cancers of the skin (n = 8,225; 3.2%), genital organs (n = 3,740; 5.4%), and digestive organs (n = 2,786; 1.1%). Compared with controls, patients were at higher risk of malignancies in the respiratory organs (OR: 2.86; 95% CI: 2.47–3.32; p < 0.001) and digestive organs (OR: 1.27; 95% CI: 1.13–1.42; p < 0.001). Esophageal neoplasms (ICD-10: C15) accounted for 18.7% (n = 66) of cases’ digestive organ tumors and 2.3% (n = 65) controls’ digestive organ tumors. Myocardial infarction and diabetes were more common among male patients than female patients, whereas mild liver disease and connective tissue disease were more common among females (Figure 3A).




Figure 3 | Acquisition of Charlson Comorbidity Index (CCI) conditions in head and neck squamous cell carcinoma patients from 10 years before until 10 years after diagnosis grouped by gender (A) and anatomical location of tumor (B).





Acquisition of Comorbidities After Diagnosis

In the years following the HNSCC diagnoses, CCI and thus the prevalence of comorbid conditions increased among both patients and matched controls (Figures 2 and 3). The increase in CCI between the date of HNSCC diagnoses and 5 years after was significant in both patients (paired t-test; p < 0.001; 95% CI: 0.75–0.82) and controls (paired t-test; p < 0.001; 95% CI: 0.27–0.27). In patients, the highest increase of CCI was seen in the first year after diagnosis with a mean of 0.44 (95% CI: 1.22–1.28) and the percentage of patients with metastatic malignancy increased drastically immediately following the diagnosis. This was especially the case in pharyngeal HNSCC (Figure 3B). Preceding the first 2 years after diagnosis the curve flattened and the mean CCI only changed between means of −0.01–0.01. In controls, contrarily, CCI increased linearly over the 10 years by an annual mean of 0.03 (95% CI: 0.02–0.03).

At 5-year follow-up, the CCI among 5-year survivors (mean: 1.34; 95% CI: 1.3–1.38) and alive controls (mean: 0.86; 95% CI: 0.85–0.86) remained significantly different (unpaired t-test; p < 0.001; 95% CI: 0.68–0.76). Generally, a lower prevalence of comorbid conditions at diagnosis was seen in 5-year survivors compared to all patients with the most common conditions remaining the same (Table 2).



Comorbidity-Related Survival

In the multivariate analysis adjusting for age, gender, treatment modality, and anatomical location, the increase in CCI was significantly associated to decrease in survival probability at date of diagnosis and 5 years later (Table 1). In the multivariate Cox regression analysis of overall survival, patients with CCI of 1, 2, 3, and ≥4 at date of diagnosis had HR of 1.34 (1.29–1.39; p < 0.001), 1.37 (1.31–1.44; p < 0.001), 1.63 (1.52–1.74; p < 0.001), and 1.59 (1.49–1.70; p < 0.001) compared to patients with CCI of 0.

In the multivariate Cox regression analysis of cancer-specific mortality, patients CCI of 1, 2, 3, and ≥4 at date of diagnosis had HR of 1.48 (1.41–1.57; p < 0.001), 1.53 (1.43–1.63; p < 0.001), 1.99 (1.82–2.17; p < 0.001), and 1.94 (1.78–2.12; p < 0.001) compared to patients with CCI of 0.

In Kaplan-Meier curves, decreased overall survival probability was significantly associated with high CCI at date of diagnosis (Figure 4A). However, a stronger correlation was seen when stratifying by age (Figure 4B) and comorbidity-age risk score (Figure 4C). The same trends were seen regarding the cancer-specific mortality (Figures 4D–F).




Figure 4 | Survival curves with 95% confidence intervals diagnosis patients with head and neck squamous cell carcinoma in all patients stratified by Charlson Comorbidity Index (CCI) at diagnosis, age at diagnosis, and comorbidity-age risk score showing overall survival (A–C) and cancer-specific mortality (D–F).






Discussion

This nationwide study reports that HNSCC patients in Denmark diagnosed between 1980 and 2014 was more at risk of having the CCI-related conditions compared to a sex- and age-matched control group with OR of all CCI-related conditions being >1.00.

Historically, the overall mean CCI at date of diagnosis increased during the study period 1980–2014 in both patients and controls (Figure 1). This tendency could be explained by prolonged lifespan and the global increase of morbidity observed in conditions including cancer, liver disease, diabetes mellitus, cardiovascular disease, kidney disease, and dementia (21, 22). Another likely contributing factor is the increase in registrations during the observation period as the NPR has been continuously extended since 1977 (16). Further, since this study investigates comorbidities over a long period, it is very likely that the risks associated with the morbidities has changed due to alterations in diagnostics and treatment procedures. For instance, the mortality of ulcer disease and cardiovascular disease had decreased in Denmark during the study period (23, 24). This could be the focus of an interesting future project.

The CCI at diagnosis proved to be an independent prognostic factor in HNSCC patients (Table 1). This was even stronger when looking solely at cancer-specific mortality. These findings correlate with earlier findings that CCI is highly associated with mortality in the general population in Australia and has proved to be a strong prognostic factor for survival in HNSCC patients (10, 25). In patients, the highest increase of CCI was seen in the first year after diagnosis, however, in controls CCI increased steadily over the 10 years (Figure 2). An obvious reason for this is the high increase of diagnoses of metastatic malignancy after diagnosis (Figure 3). Another reason could be comorbidities related to treatment modality, e.g. postoperative complications. As HNSCC is associated with lifestyle behavior, it is feasible that the rapid increase of CCI within the first year may also be a result of accumulated undiagnosed comorbidities that were then discovered in connection with or immediately following the HNSCC diagnosis due to increased contact with the Danish health care system. A reason for the reluctant changes in patients’ CCI beyond the first 2 years could be that the mean CCI is evaluated in patients alive, and since 63.2% of patients died within the first 5 years, these patients do not contribute to the mean CCI at 5-year follow-up. A plausible contributing factor may also be the limited observation period for patients diagnosed late in the study period. Finally, it could be explained by the fact that new diagnoses within the same CCI-related condition category as listed in Supplementary Table S3 does not increase the calculated CCI.

Of the CCI-related conditions, liver disease, and cancers of liver and lungs are especially associated with smoking and alcohol (26–29). Because HNSCC is related to lifestyle behavior that give rise to disease of multiple organs, this might explain the higher odds of patients having mild to severe liver disease as well as non-metastatic and metastatic malignancy that was observed in this study (Table 2). Previous findings have shown tumors of lung and esophagus to be the most common secondary primary tumor in HNSCC patients apart from tumors in the head and neck region (30). In correlation with this, we found that patients had almost three times higher odds of having a cancer of the respiratory and intrathoracic organs at diagnosis. Though we did observe that patients had higher odds of having a digestive tumor, the difference between patients and controls were not as big as for the respiratory tumors. This may be explained by the fact that tumors of the digestive organs cover many anatomical locations. In coherence, we observed that tumors of the digestive organs in patients more often originated from the esophagus compared to controls. A contributing factor could be that patients died before the tumor of the digestive system was acquired and/or diagnosed. The exceptionally rapid increase of metastatic malignancy in patients seen in Figure 3 can be explained in part by their HNSCC, and in part by their increased likelihood of acquiring an additional malignancy. Thus, the increase in diagnosed metastatic malignancies after primary diagnosis could be directly caused by the later discovery of metastases originating from the HNSCC or an additional acquired tumor. In addition to mean CCI at diagnosis being highest in patients with hypopharynx and oropharynx tumors, patients with pharyngeal tumors had the largest increase in metastatic malignancy diagnoses compared to the other locations. This disunity between the pharyngeal HNSCC and the rest continued 10 years after diagnosis and could explain the high HR in patients with tumors of the hypopharynx and nasopharynx, compared to patients with larynx cancer (Table 1).

Females among 5-year survivors had lower CCI at diagnosis compared to males, which may be attributable to the fact that females are less likely to demonstrate risk-associated behavior such as tobacco use and alcohol consumption (31–33). These behavioral differences may also, together with the high CCI at diagnosis, explain the higher mortality observed in males compared to females (Table 1).

Acquisition of CCI-related conditions did not seem to correlate with age, however, we observed that both CCI and age influenced survival (Table 1). Increasing age significantly correlated with increasing HR in both the univariate and multivariate analyses, and the resulting HR indicates that age at diagnosis contributed more to survival than comorbidity at diagnosis. This is controversial to previous findings showing that comorbidities and frailty have more influence than age in determining 3-month postoperative mortality in geriatric cancer patients (34). In head and neck cancer patients, frailty strongly contributes to increased mortality and, in coherence with our findings, increases with age (35). Since we observed that age and comorbidity-age risk scores were stronger predicters of survival than CCI in the Kaplan Meier curves (Figure 4), our findings suggest that age is a vital part of the predictive value of the comorbidity-age risk score and thus CCI should be combined with age.

The fact that this registry-based study includes the entire Danish population is a clear strength as it avoids the selection bias that most retrospective studies are prone to. Further, this study provides a picture of the comorbidity burden of patients across social classes as the tax-funded Danish health care system facilitates registration of disease independent of social class. However, this report is subject to other common biases associated with registry-based studies such as discrepancies between clinics and clinicians, as well as changes in clinical practice over time, e.g. regarding the use of diagnosis codes (i.e. ICD-8 and ICD-10). In general, the reporting of comorbidities among patients and controls was limited by the last day of follow-up in 2016. Another limitation is that the registration practice to the NPR as well as the general risk of diseases and the associated mortality has likely changed during the 35-year study period.

The use of DCR to report malignancy had the advantage that DCR includes morphology and takes misdiagnosing into consideration, however, had the disadvantage that registration was not mandatory before 1987 (13). Although registry-based studies have limitations, we expect our use of NPR to report the non-malignant CCI-related conditions to be precise, as the use of CCI in NPR has previously been shown to have an overall predictive value of 98% (11). As seen in previous comorbidities studies (36), the administrative data used in this study does not provide information on the exact dates that the comorbid conditions first appear. Rather, this study gives an insight into the prevalence of comorbidities that were serious enough to require at least one inpatient or outpatient hospital visit. This means that the comorbidity burden may be even stronger than shown in this study.

The focus on HNSCC in this study provides a clear picture of the patient group. Due to the fact that patients with cancers of the salivary and thyroid glands are associated with gender disparity and radiation rather than tobacco use and alcohol consumption it was a strength to not include patients with these cancers despite the fact that they are affiliated with head and neck surgery in Denmark (37–39).

The fact CCI did not include the HNSCC diagnoses of patients was ideal when comparing patient groups, as additional non-metastatic malignancies in patients before or after the HNSCC diagnosis could weigh in the CCI score.

In conclusion, we found that CCI is an independent prognostic factor in HNSCC patients, and the highest increase of CCI was seen in the first year after diagnosis. Further research should investigate the impact of lifestyle behavior, hospitalization duration, number of hospital contacts before and after diagnosis, and treatment modality on CCI-related survival and examine the nature of additional tumors among HNSCC patients.
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