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Advanced keratinocyte skin cancer is a tumor with considerable disease burden and aggressiveness
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Abstract
In a 2013 study published in this Journal, Dacosta Byfield et al. used MediCare data to extract reliable estimations of the incidence (I=6.16) and prevalence (P=10.31) rates of advanced keratinocyte skin cancer (aKSC) per 100,000 US population. This data unmask a considerable disease burden of aKSC (tumor stages ≥3) compared to the corresponding projected SEER predictions in 2019 of all invasive cases (tumor stages ≥1). According to its incidence, aKSC ranks 19th out of 29 major SEER registered neoplasms and has an average disease duration of 1.67 years, which is the 2nd shortest disease duration next only to pancreatic carcinoma. Furthermore, in support of the high disease aggressiveness of aKSC and using a calibration approach, we calculated a mortality estimate of 4.64 per 100,000 and a 5-year survival rate of 21.8% for this tumor, which corresponds to positions of 13th and 5th out of 29 cancers among the SEER tracked malignancies, respectively. 
Taken together, these data indicate a considerable disease burden and biologic aggressiveness of aKSC. 
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In a study published in 2013 in this Journal, Dacosta Byfield et al. employed the records from a large private insurance database (Optum Research Database) to estimate the incidence and prevalence of advanced Keratinocyte Skin Cancer (aKSC) in 2010 in the USA [1]. They reported 19,031 newly diagnosed aKSC cases and 31,834 patients living with aKSC, which correspond to incidence (I) and prevalence (P) rates of 6.16 and 10.31 per 100,000 US population. The comparison of these latter epidemiological data for aKSC with data from the SEER database in 2019 on projected corresponding estimations for the tracked malignancies [2] (Table I) unmasks the relatively high disease burden of aKSC (exclusively tumor stages ≥3), even when compared to the cases of all invasive stages of other neoplasms (tumor stages ≥1) as reported by SEER. Based on these incidence and prevalence rate estimations, aKSC ranks 19th out of 29 cancer for incidence and 28th out of 28 cancer for prevalence (Table I). Notably, the incidence rate of aKSC is similar with that of esophageal, ovarian or brain tumors listed in the SEER database. More intriguing, according to the approximate relationship of the average disease duration time (T[in years]≈P/I) [3], the low prevalence rate of aKSC in conjunction with a moderate incidence rate indicate to a rather short disease duration T of these tumors. In fact, with a T of 1.67 years, aKSC are characterized with the 2nd most short disease duration after diagnosis (next only to pancreatic carcinoma; Table I), a finding that indicates to a peculiarly aggressive disease. 
Furthermore, for the estimation of mortality and 5-year survival rates that were not provided by Dacosta Byfield et al. [1], we applied an empirical calibration based approach with linear regression analysis performed on MATLAB (The MathWorks Inc., Natick, Massachusetts, US; Release 2018a) to indirectly estimate these attributes. To estimate the mortality of aKSC, we modeled the numbers of deaths (M) as a function of incident (I) and prevalent cases (P) of all tumors with available data in Table I (excluding aKSC). This yielded the relationship
ln[M] = 1.676 × ln[I] – 0.669 × ln[P] 					{Eq. 1} 
[with F(2,27)=60.4, p<0.000, R-squared=0.8286; Leave-one-out cross validated: RMSE (root mean squared error)=0.63]. Based on {Eq. 1}, we estimated a yearly number of 14,333 deaths of aKSC patients in the US (mortality rate: 4.642 per 100,000). Additionally, to determine the 5-year survival rate (S) of aKSC, we used the relationship S≈M/I [4] achieved by plotting the S rates as a function of the corresponding M/I quotients of the tumors in Table I. Employing the resulting regression line
S [in %] = 100 - 103.78 × (M/I) 						{Eq. 2} 
[with F(1,28)=157.44, p<0.001, R-squared=0.85; Leave-one-out cross validated: RMSE=10.8], we estimated a 5-year survival rate of 21.8% for aKSC. Taken together, these findings imply that compared to the SEER tracked malignancies, aKSC possess considerable disease burden and aggressiveness. Specifically, aKSC ranks 13th out of 29 cancers for mortality rate, and 7th and 5th out of 29 cancers according to disease aggressiveness indices ‘M/I quotient’ and ‘5-year survival rate’, respectively.
Our present approach is subjected to certain limitations. The registration of aKSC cases in the Optum Research Database that contains data on commercially insured and Medicare Advantage enrollees
may differ from the registry-based reporting strategy of disease cases to the SEER database. However, as real life data are not available for KSC, we are constrained to interpolate using the most reliable of the available data. An additional source of uncertainty of our results is the application of the calibration approach to estimate mortality and 5-year survival rates, which although adequately validated in the present data, needs verification in additional datasets. Furthermore, the calculation of the mortality rate and consequently the aggressiveness indices of aKSC may be somewhat overestimated because of the fact that they do not rely strictly on disease-specific events, particularly in the case of the mostly elderly aKSC population. However, the lack of reliable reporting of causes of death is a problem that also affects almost all tumor registries. An additional limitation is that under aKSC we jointly evaluated advanced basal cell (BCC) and cutaneous squamous cell (cSCC) carcinomas, which are two biologically different tumor types and separate data for these subtypes were not available. However, this approach was necessary to comply with the organ- and tissue-specific reporting strategy of the neoplasms in the SEER database. 
KSC (mostly BCC and cSCC) emerge as an important health issue worldwide, particularly among the population of European descent.[5] However, most KSC appear as primary, locally confined tumors (disease Stages ≤2) which can be definitively treated with relatively low-cost per procedure modalities, like simple surgery and are not tracked by most tumor registries, including SEER [6]. To date, a direct comparison of the epidemiological and disease burden data of aKSC with the corresponding data of other malignancies was not feasible. This gap in reliable comparative information has as a consequence that even among dermatologists, the vast minority of KSC cases that progress to advanced disease stages ≥3 (aKSC) [7] are still regarded as rare, almost ‘neglected’ disease manifestations. Our present calculations, despite their inherent methodological limitations, indicate that aKSC have a considerable epidemiological burden and disease aggressiveness potential, which are comparable to that of many of the tumor species regularly followed in the cancer registries. These facts highlight the need for research efforts to develop efficient therapeutic options for this spectrum of neoplasms, and also call for resetting the aKSC threshold definition, particularly if the present tumor aggressiveness calculations could be confirmed in future studies. Finally, due to the considerable disease burden of aKSC, we would like to emphasize the urgent need for dermatologists and epidemiologists to jointly take the necessary efforts to adapt tumor registries in order to include KSC. 
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Legends
Table I. Comparison of core epidemiological and disease aggressiveness data of advanced keratinocyte skin cancer, ‘advanced KSC’, with the SEER provided data for different malignancies in the US population. 
