

[image: Detection of missed deaths in cancer registry data to reduce bias in long-term survival estimation]
Detection of missed deaths in cancer registry data to reduce bias in long-term survival estimation





METHODS

published: 09 March 2023

doi: 10.3389/fonc.2023.1088657

[image: image2]


Detection of missed deaths in cancer registry data to reduce bias in long-term survival estimation


Stefan Dahm *, Benjamin Barnes and Klaus Kraywinkel


German Center for Cancer Registry Data, Department for Health Monitoring, Robert Koch-Institute, Berlin, Germany




Edited by: 

Dana Kristjansson, Norwegian Institute of Public Health (NIPH), Norway

Reviewed by: 

Negar Rezaei, Tehran University of Medical Sciences, Iran

Francine Baumann, University of New Caledonia, France

*Correspondence: 

Stefan Dahm
 dahms@rki.de

Specialty section: 
 This article was submitted to Cancer Epidemiology and Prevention, a section of the journal Frontiers in Oncology


Received: 03 November 2022

Accepted: 21 February 2023

Published: 09 March 2023

Citation:
Dahm S, Barnes B and Kraywinkel K (2023) Detection of missed deaths in cancer registry data to reduce bias in long-term survival estimation. Front. Oncol. 13:1088657. doi: 10.3389/fonc.2023.1088657





Background

Population-based cancer survival estimates can provide insight into the real-world impacts of healthcare interventions and preventive services. However, estimation of survival rates obtained from population-based cancer registries can be biased due to missed incidence or incomplete vital status data. Long-term survival estimates in particular are prone to overestimation, since the proportion of deaths that are missed, for example through unregistered emigration, increases with follow-up time. This also applies to registry-based long-term prevalence estimates. The aim of this report is to introduce a method to detect missed deaths within cancer registry data such that long-term survival of cancer patients does not exceed survival in the general population.




Methods

We analyzed data from 15 German epidemiologic cancer registries covering the years 1970-2016 and from Surveillance, Epidemiology, and End Results (SEER)-18 registries covering 1975-2015. The method is based on comparing survival times until exit (death or follow-up end) and ages at exit between deceased patients and surviving patients, stratified by diagnosis group, sex, age group and stage. Deceased patients with both follow-up time and age at exit in the highest percentile were regarded as outliers and used to fit a logistic regression. The regression was then used to classify each surviving patient as a survivor or a missed death. The procedure was repeated for lower percentile thresholds regarding deceased persons until long-term survival rates no longer exceeded the survival rates in the general population.




Results

For the German cancer registry data, 0.9% of total deaths were classified as having been missed. Excluding these missed deaths reduced 20-year relative survival estimates for all cancers combined from 140% to 51%. For the whites in SEER data, classified missed deaths amounted to 0.02% of total deaths, resulting in 0.4 percent points lower 20-year relative survival rate for all cancers combined.




Conclusion

The method described here classified a relatively small proportion of missed deaths yet reduced long-term survival estimates to more plausible levels. The effects of missed deaths should be considered when calculating long-term survival or prevalence estimates.
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1 Introduction

The survival of cancer patients documented by population-based cancer registries can be used to analyze the real-world impacts of healthcare interventions, such as new treatment methods or changes in preventive measures. However, the estimation of survival rates can be biased by missing or invalid data. In Germany, population-based cancer registries collect information about cancer type, date of diagnosis and vital status of patients within the borders of federal states. Vital status is obtained with passive follow-up through linkage with the death notifications of the population registries. Passive tracking of vital status can be affected by several types of error. First, incorrect patient data (misspelling of names or transposed digits in birth dates) can prevent the correct link to the death notification. Linkage may also fail when the incidence notification is delayed and the survival time is short. Finally, migration between federal states may cause problems if registries are only able to link data to population registries in their own respective federal state. In all these cases the patients are assumed to be alive by the registries at the end of follow-up (unless the date of emigration is known and can be used to censor follow-up), resulting in seemingly immortal patients. The proportion of such missed deaths increases with follow-up time as other patients successively die. This leads to an ever-greater overestimation of survival rates with increasing follow-up time. The problem is most pronounced in older age groups, in which survival times are shortest.

The impact of missed deaths on survival estimation was found to be stronger for relative survival than for absolute survival (1). Relative survival is calculated by the quotient of the survival rate in the patient group and the survival rate in the general population matched by age, sex and calendar year. A high proportion of missed deaths can lead to a higher survival rate in the patient group than in the general population, resulting in relative survival exceeding 100%. Bias related to missed deaths is not only relevant for the calculation of long-term survival rates, but also for estimates of long-term or lifetime prevalence.

A limited number of studies have investigated the problem of missed deaths in population-based cancer registry data. Pinheiro et al. (2) estimated the proportion of missed deaths in the SEER data based on the proportion of registered long-term survivors with high-grade lethal cancer. In that study, missed deaths were defined as persons with survival time of more than 5 years according to the data, but who were contacted for the last time between 0 and 5 years after diagnosis. Sriamporn et al. (3) described a loss-adjusted approach to estimate dates of death, examining cancer cases of the cervix uteri in Thailand. For patients whose vital status could not be determined at follow-up end, annual mortality probabilities were estimated with logistic regression. This regression was first fitted to data from patients with similar characteristics with known survival times. Okuyama et al. (4) conducted a simulation study to investigate the bias in absolute 5-year survival rates that results from missed deaths. At 5% loss to follow-up, lung cancer survival was overestimated by 4% and breast cancer survival was overestimated by 1%. In general, survival estimates for cancers with poor prognosis showed the highest bias due to missed deaths.

The aim of this report is to introduce an algorithm to detect missed deaths in population-based cancer registry data such that long-term survival of cancer patients does not exceed survival in the general population. In order to estimate long-term cancer prevalence according to the method developed by (5), we analyzed survival times up to 35 years. The method is applied to German cancer registry data and to SEER data and tested by simulations. The algorithm will be implemented in the R package ‘misseddeaths’ to be published on GitHub.




2 Materials and methods



2.1 Cancer registry data

This study included data from nearly 5.0 million cancer patients diagnosed at age 15 years and older registered in one of fifteen German population-based cancer registries between 1970 and 2016. Only the cancer registry of Saarland has been operating continuously since 1970. In the other federal states, registration began in 1990 or later (Table 1). From the federal states in eastern Germany (Berlin, Brandenburg, Mecklenburg-West Pomerania, Saxony-Anhalt, Saxony and Thuringia), data was available only between 1995 and 2015. For survival analysis, the follow-up time for patients in these eastern German registries was censored on 31 December 2015 and for patients in other registries on 31 December 2016. All data were transmitted from the state cancer registries to the German Centre for Cancer Registry Data at the Robert Koch Institute according to federal law.


Table 1 | German data: Analysis period, number of patients, percent deaths, median age at diagnosis and 10-year relative survival for all cancers combined by German federal state.



In order to evaluate the proposed method, we additionally analyzed SEER Research Data (6) from approximately 6.4 million cancer cases diagnosed between 1975 and 2015 (Table 2). SEER data were collected from 18 population-based cancer registries, with 9 registries providing data since 1975. The data sets of the other registries begin between 1992 and 2000. The analysis was restricted to whites, as this is the ethnic group in the USA with the lowest proportion of missed deaths, estimated to be below 1% (2, 7).


Table 2 | SEER data: Analysis periods, number of patients, percent deaths, median age at diagnosis and 10-year relative survival for all cancers combined1 by SEER registry (race=white).



For German data, tumors were classified according to Union for International Cancer Control (UICC) stage. For SEER data, tumors were classified by historic stage A, distinguishing between local, regional and distant tumors. Prostate cancer is classified by historic stage A into only two stages (“localized/regional” and “distant”). Since historic stage A is only available until the year 2015, we restricted the analysis of SEER data to the time period from 1975 to 2015. However, historical stage A was not available for all diagnoses throughout the entire period. For example, this stage information has been reported for lung cancer (C34) only since 1988 and for prostate cancer (C61) since 1995. For several diagnoses within oral cavity, pharynx and larynx localization group (C00-C14, C30-C32) and for Vagina (C52), historical stage A were reported only until 2003.

Generally, cases registered using information only from death certificates (DCO cases) or autopsy reports were excluded from the analysis. Cases with missing stage information were assigned to an extra category and included. In case of multiple primary cancers, the analysis was restricted to the survival time after the diagnosis of the last primary cancer.




2.2 Detection of missed deaths

We looked for missed deaths if the observed survival rate of cancer patients exceeded that of the corresponding overall population at the end of follow-up (Figure 1). To detect missed deaths, we compared ages and survival times of patients with documented dates of death with the corresponding data of patients documented as being alive at the end of follow-up. The maximum age and the maximum follow-up time of deceased persons should be greater than those values among persons alive at the end of follow-up, since the observation time of surviving persons is censored. For example, in SEER data the oldest deceased person with lung cancer was 108 years old at death, and the oldest living person with lung cancer at the end of follow-up (31 December 2015) was 101 years old. Both survived 18 years after diagnosis. In order to compare follow-up times and ages of deceased and surviving persons in as homogeneous groups as possible, the data were stratified according to diagnosis group, sex and age group (15-54, 55-74, 75 years and older at diagnosis). If there were at least 500 persons in each UICC stage (resp. each historic stage A for SEER data), the data were further stratified by stage with an additional stratum for cases with missing stage information. Within these strata, relative survival and 1-year conditional relative survival were estimated by period analysis. Relative survival was estimated over 35-years for persons younger than 55 years at diagnosis and over 30-years for older persons. Survival estimation was carried out by the R package ‘periodR’ (8) using the function ‘period’ with the Ederer II method (9) for calculating expected survival. The Ederer II method was used for estimating relative survival since the Ederer I method (10) or the Hakulinen method (11) tend to overestimate long term relative survival (12). Relative survival estimation was based on life tables covering the time period from 1993 to 2016 and the age range from 0 to 99 years (expected survival for ages over 99 years was assumed to equal the expected survival at 99 years of age). The life tables were stratified by sex, 1-year age group, and calendar year. For the analysis period we chose the last 5 years of follow-up (2011-2016 for German data and 2010-2015 for SEER data). Thus, survival estimates based on German data can include patients from diagnosis year 1976 onwards. We designated deceased persons with follow-up time and age at death in the 99.9th percentile as outliers and fitted a logistic regression on data from deceased persons with these outliers as events:




Figure 1 |   Analysis scheme for detection of missed deaths in cancer registry data.





fu_age: age at follow-up end

fu_time: follow-up time.

When the logistic regression did not converge, we lowered the percentile that defines deceased persons as outliers by 0.05 percentage points and carried out the regression again with the additional outliers. The procedure was repeated until the regression converged. If at least one of the coefficients β1 or β2 was significant at the 0.05 level, we used the regression to predict the probability of having missed the death of a person documented as being alive at the end of follow-up. Persons with probabilities ≥ 90% were assumed to have died. These persons were excluded from the data, and survival analyses were repeated. The search for missed deaths was iterated by successively lowering the percentile by 0.5 points each time until the survival rates of persons with cancer did not exceed those in the corresponding population.

Due to the large heterogeneity among cancers, the method was adapted to account for different disease courses. The adaptations presented here were tailored to reflect features of the SEER and German data. First, the algorithm had to determine for each stratum whether the survival rates of persons with cancer differed from those of the corresponding general population (Figure 2). When no differences were detected, the algorithm stopped without searching for missed deaths. Otherwise the classification of missed deaths was started in an iterative manner. Second, each iteration tested whether relative survival over the follow-up years increased after a minimum (Figures 3, 4).




Figure 2 | Scheme for testing on increasing relative survival (se, standard error).






Figure 3 | Scheme for testing differences between survival of cancer patients and survival of the corresponding population (se, standard error).






Figure 4 | Relative survival over 30 follow-up years, breast cancer (C50), women, age at diagnosis: 75+ years, UICC status ‘IV’ (German data) before iteration, after first iteration step and after iteration, (uncorrected relative survival started to increase after 8 years follow-up).



For strata with a small number of documented deaths, there was a high probability of observing only very few persons with high age at death and long follow-up time, making it difficult to compare the distributions of survival times and ages between deceased and surviving persons. This often led to a too high proportion of misclassified survivors. Therefore, for strata in which fewer than 10% of persons with cancer died, we classified missed deaths with a scoring algorithm using only the data of the surviving persons. The cutoff of 10% was introduced after examining the distribution of follow-up times and ages at follow-up end in the German data and in the SEER data. Of the 349 strata in the German data, 24 contained less than 10% deaths (Table 3). In these strata, there were on average 5.2 deceased patients with both age at death and survival time above the 99th percentile. In strata with 10% to 20% deaths resp. ≥ 20% deaths, the number of deaths with both age at death and survival time higher than the 99th percentile was on average 3 resp. nearly 5 times higher than in strata with less than 10% deaths. Of the 334 strata in the SEER data, 8 strata contained less than 10% deaths, each with on average 7.0 deaths with both age at death and survival time higher than the 99th percentile. In strata with 10% to 20% deaths resp. ≥ 20% deaths, there were on average 33.9 patients resp. 37.8 patients with both age at death and survival time higher than the 99th percentile.


Table 3 | Characteristics of German and SEER cancer registry data strata* by proportion of patient mortality: number of patients, number of deaths and average number of deaths per stratum.



The scoring algorithm was also applied when the proportion of deaths classified as missed deaths by the logistic regression was unrealistically high (> 5% of deaths) or if neither the coefficient for follow-up age nor the coefficient for follow-up time in the logistic regression (equation 1) was significant (Figure 1). For the scoring algorithm we used the Euclidean norm of the joint distribution of follow-up time (fu_time) in years and age at end of follow-up (fu_age) in years:



The data of surviving persons were ordered by this score. In the first iteration step, persons with scores in the 99.9th percentile were considered as having died and were excluded from the analysis. The iterations then continued as shown in Figure 3 with the percentile for determining the cut-off score decreasing by 0.5 points each iteration. As with logistic regression, the iteration by scoring was stopped when the number of classified missed deaths exceeded 5% of the deaths.

For age standardization, weights from the international cancer survival standards (13) were used. Specifically, we applied the weights 0.19, 0.52, 0.29 to the age groups 15 to 54 years, 55 to 74 years and 75+ years, respectively.

The number of missed deaths for all cancers combined1 is the sum of missed deaths detected in the 23 individual diagnosis groups (Table 4).


Table 4 | Number of patients, deaths and detected missed deaths and percentage of detected missed deaths among deceased patients by diagnosis group for German data and for SEER data.






2.3 Simulation

To evaluate the proposed method, we simulated missed deaths in the SEER data by randomly selecting deceased patients (1%, 2%, and 5%) in each registry. The vital status of patients in the sample was set to “alive” and the date of end of follow-up was set to December 31, 2015. Missed deaths previously detected by the algorithm were excluded. Simulations were repeated five times for each stratum (diagnosis group, sex, age group, and historical stage A). We recorded the proportions of detected missed deaths and analyzed the sensitivity (14) and the proportion of false positives, where the sensitivity is given by



Additionally, we estimated survival before and after applying the algorithm based on data sets with 5% simulated missed deaths. The numbers given in Table 5 and Table 6 are average values over the simulations.


Table 5 | Number of patients, number of deaths, number of classified missed deaths, proportions [%] of detected missed deaths among the deaths, sensitivity and proportion [%] of false positives among the classified missed deaths by proportion of simulated missed deaths and diagnosis group, SEER data.




Table 6 | Age-standardized relative survival [%] by diagnosis group and follow-up year based on SEER data with 5% simulated missed deaths before and after applying the proposed method and SEER data without simulation (original estimate).







3 Results



3.1 Application to German data and to SEER data

By applying the described method to German cancer registry data, we found 23,280 missed deaths for all cancers combined (Table 4). This corresponds to 0.9% of the patients who died. Intestinal cancer (C17 - C21, C26) was the diagnosis group with the highest number (4,141) of detected missed deaths. The highest proportions of missed deaths were detected for malignant melanoma (C43; 2.5% of deceased patients) and for thyroid and other endocrine glands (C73, C75; 1.9%). In contrast, the algorithm detected the lowest proportions of missed deaths for pancreas (C25; 0.4%) and for thorax (C33 - C34, C37 - C39, C45; 0.5%). Due to the stratification by diagnosis group, sex, age group and UICC stage the method was applied 349 times to the German data. In 260 of these strata, survival rates increased compared to the corresponding overall population, so that the analysis for missed deaths was carried out. The logistic regression was considered significant in 230 strata but led to more than 5% missed deaths (11 strata) or the proportion of deaths was below 10% (3 strata). Thus, logistic regression was applied 217 times and the scoring algorithm 43 times.

For SEER data, the method classified 696 patients as missed deaths, corresponding to 0.02% of deceased patients. Similar to the analysis of the German data, the proportions of detected missed deaths were the highest for thyroid and other endocrine glands (C73, C75; 0.7%) and malignant melanoma (C43; 0.3%). For the other diagnosis groups, survivors classified as missed deaths made up less than 0.1% of deceased persons. In total, SEER data was divided into 334 strata, with missed death analysis carried out in 74 strata (logistic regression 69 times, scoring 5 time).

Without excluding missed deaths in German data, estimated age-standardized relative survival for all cancer combined1 began to increase between 10 and 15 years of follow-up and exceeded 200% of survival in the corresponding population by the 25th follow-up year (Table 7). For malignant melanoma (C43) and prostate cancer (C61) this increase in estimated relative survival started between 5 and 10 follow-up years. After excluding the detected missed deaths, estimated survival decreased or only increased marginally over the entire follow-up time.


Table 7 | Age-standardized relative survival rates [%] after excluding missed deaths and in brackets age-standardized relative survival [%] including missed deaths, estimated from German data and from SEER data, by diagnosis group, sex and follow-up time.



Since there was only a small number of detected missed deaths in the SEER data, only small differences were observed between uncorrected and corrected age-standardized relative survival estimates. For all cancers combined1 the two survival rates differed after 30 follow-up years by 1.8 percent points. Among the diagnosis groups listed in Table 7, the largest correction (7.3 percent points after 30 years of follow-up) was made for malignant melanoma (C43).




3.2 Simulation results

On average over the six diagnosis groups tested, the algorithm detected 27% of simulated missed deaths at 1% simulated missed deaths, corresponding to 0.3% of all deaths (Table 5). With 2% and 5% simulated missed deaths, the algorithm determined that 0.7% and 2.2% of deaths were missed deaths, respectively. According to these results, the 0.9% missed deaths we detected in German data for all cancers combined would correspond roughly to 2.5% real missed deaths in the data. Within the diagnosis groups the highest proportions of missed deaths were detected for pancreatic cancer (C25) and the lowest proportions for breast (C50). In general, the algorithm detected higher proportions of missed deaths in cancers with poorer prognosis than in cancers with longer survival times. For pancreatic cancer (C25), the conditions for conducting the iterative search (Figure 2) were fulfilled in 85% of strata (based on sex, age group and historic stage A), whereas for breast cancer (C50), the algorithm kicked in for only 59% of the strata.

The sensitivity in Table 5 is calculated as the proportion of simulated cases that are detected in relation to the total number of simulated cases. Across all diagnosis groups the sensitivity of the algorithm ranged between 27% and 38%, corresponding to 1% and 5% simulated missed deaths. Corresponding with the larger number of strata in which the algorithm was applied, sensitivity was higher for cancers with poor prognosis. The lowest sensitivity (14%) was observed for breast cancer (C50) and malignant melanoma (C43) at 1% simulated missed deaths and the highest sensitivity (47%) was seen for pancreatic cancer (C25) at 5% simulated deaths.

On average across simulations and across diagnosis groups, approximately 14% of classified missed deaths were actually not deceased patients. The proportion of false positive cases was smaller for cancers with poor prognosis than for cancer with long survival times. The highest proportion of false positive cases (52%) was for malignant melanoma (C43) with 1% simulated missed deaths, while only 4% of detected missed deaths were false positives for pancreatic cancers (C25) with 5% simulated missed deaths.

After introducing 5% missed deaths into the SEER data, the age-standardized 5-year relative survival rate for all cancers combined1 was 2.9 percent points higher than the original estimate and started to increase between 5 and 10 years of follow-up (Table 6). By diagnosis group, the increase in 5-year relative survival varied between 1.8 percent points for malignant melanoma (C43) and 6.0 percent points for pancreas (C25). Between 5 and 15 years of follow-up, the relative survival rates started to increase and exceeded 200% between 20 and 25 years of follow-up. After correcting for missed deaths, relative survival increased only slightly between 5 and 15 years of follow-up (for prostate (C61) and for malignant melanoma (C43)) and decreased otherwise. However, the corrected survival rates remained 2 to 7 percent points higher than the corresponding estimates without simulation over the entire follow-up time. In particular, the bias in the 5-year survival rates was reduced by only ≤ 0.5 percent points by the method.





4 Discussion



4.1 Achievements

We have developed a method for the classification of missed deaths in population-based cancer registry data in order to reduce bias in long-term survival estimates. When relative survival decreases substantially below 100% and subsequently begins to rise, the algorithm begins to identify exceptionally long-term and old survivors as likely to be misclassified and iteratively excludes these persons until relative survival no longer increases. In pooled German cancer registry data, the algorithm classified 23,280 supposed survivors as having died. Excluding these cases reduced the 30-year relative survival estimate for all cancers combined from over 200% to 36.6%. In SEER data, the algorithm classified only 696 “missed deaths”, reducing the 30-year survival estimate from 44.3% to 42.5%.




4.2 Focus on long-term survivors

The proportion of cases with missed deaths and the effect of these cases on survival estimates increases with follow-up time (1). Therefore, we focused on patients with long survival times and high age at the end of follow-up as candidates for missed deaths. With this approach, few missed deaths are detected if follow-up time is short, as demonstrated based on the simulation results: Among the 5% simulated missed deaths, nearly 20% had fewer than 5 years of follow-up. Only 0.2% of these cases were detected, although the algorithm detected about 38% of total simulated missed deaths (Table 5). Consequently, the 5-year relative survival for all cancers combined1 was corrected by the algorithm by only 0.1 percent points (Table 6). After 20 years of follow-up, however, relative survival was corrected from 117.2% to 60.1% by 57.1 percent points.




4.3 Associations with prognosis

The proportion of algorithm-classified missed deaths among deceased patients was relatively high for malignant melanoma (C43) compared to other cancer diagnoses, this was true in the German data as well as in the SEER data. Additionally, the simulations resulted in a high proportion of false positive algorithm-classified missed deaths and low sensitivity for this diagnosis (Table 5). This is likely due to the high proportion of melanoma survivors, even after a long follow-up time. In this case, the algorithm must exclude a large number of missed deaths to counteract increases in relative survival. For pancreatic cancer (C25) on the other hand, with a small proportion of long-term survivors, it is sufficient to exclude a far a smaller number of missed deaths to reduce the bias of the estimated survival rate. The sensitivity of the algorithm was about 20 percentage points higher for pancreatic cancer than for malignant melanoma, which also corresponded to lower false positive rates.




4.4 Migration between federal states as a possible source for missed deaths

In the German data, the number of algorithm-classified missed deaths is higher than in the SEER data. In addition to the disadvantages of passive follow-up practices used in German registries, which may not meet SEER follow-up standards (15), one reason for this difference may be the lack of a national death registry in Germany. In Germany, cancer registries as well as population registries are organized at the state level. If a patient moves to another federal state after cancer diagnosis, the original cancer registry cannot link the patient’s record to the death registry of another state. The original cancer registry may obtain the information that a person has moved to a different federal state, which can be used to censor the case, but the patient’s vital status is no longer available to the registry. In the past, the data transmitted from the cancer registries to the German Centre for Cancer Registry Data did not contain information about patient emigration, as these data were routinely collected only in some registries. Therefore, these cases could not be censored in survival analysis in the nationwide dataset. The Hamburg Cancer Registry provided information on emigration of cancer patients in the period from 1990 to 2014 to the Centre for Cancer Registry Data (Table 8). During this period, 3.2% of patients moved out of the catchment area of the cancer registry. Emigration was more prevalent among persons with cancers with good prognosis than among persons with more fatal cancers. Because the vital status is not updated for these patients, they are potential candidates for missed deaths in the German data. Since Hamburg is a city-state, emigration may occur less frequently in federal states with larger areas. However, it can be assumed that a substantial proportion of missed deaths in German cancer registry data was caused by emigration out of the catchment areas of the cancer registries.


Table 8 | Number of emigrations out of the catchment area of the Hamburg cancer registry in the years from 1990 to 2014 by cancer site.






4.5 Screening effects

The comparison of attained age and survival times between deceased and surviving persons at follow-up end assumes that both groups have similar survival times. This assumption can be incorrect if there are substantial advances in therapy or if, because of the introduction of screening, cancers are detected earlier over the course of follow-up (16, 17). Large improvements in survival raise the probability that patients who are still alive due to the new therapy or whose cancer has been detected early through screening will be misclassified as missed deaths. For this reason, the method tests at each iteration whether the proportion of detected missed deaths exceeds 5% of the total number of deaths. Above 5%, the iteration was canceled. The threshold was set to 5% of the total number of deaths after analyzing the expected proportion of missed deaths in the German cancer registry data. If the method is applied to data from other cancer registries with other expected proportions of missed deaths, this threshold should be adjusted.




4.6 Limitations and strengths

Bias in long-term survival estimates was reduced such that relative survival did not increase at the end of follow-up. The best results were achieved for cancers with high mortality, since survival rates differed strongly from those of the general population. For cancers with low mortality, however, the algorithm differentiated poorly between missed deaths and actual long-term survivors, as indicated by a high false positive rate in the simulation (Table 5, malignant melanoma (C43)). The method cannot be used to detect missed deaths with short follow-up time in relation to median survival time of the patients. In the simulation, the bias in short-term survival generated by missed deaths could be corrected only marginally (Table 6). The thresholds used for classifying missed deaths with logistic regression are obtained directly from the data. When the method is applied to cancer registry data with other survival times, these thresholds will be adapted automatically. Due to the stratification the algorithm is adjusted for prognostic factors such as stage or age.





5 Conclusion

The described method is a new approach for detecting missed deaths in data of population-based cancer registries. Surviving patients with extreme follow-up data (long follow-up time and old age) in relation to the corresponding data of deceased patients are classified as missed deaths. By applying the algorithm, long-term survival estimates can be corrected to such an extent that they do not exceed survival in the general population, thus especially increasing the validity of long-term survival or prevalence estimates. As the method has substantial limitations, for example regarding short-term survival, efforts for improving and ensuring high quality mortality data in cancer registries remain essential. The algorithm will be implemented in the R package ‘misseddeaths’ to be published on GitHub.
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