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Introduction

• The incidence of de novo metastatic cancer (i.e., metastatic cancer at 
diagnosis) is an early proxy for cancer specific mortality when 
evaluating intervention.



Introduction

• Missing data on tumor node metastasis (TNM) variables is common  
and temporal changes in use of imaging can influence the pattern of 
missingness in M stage. 

• For example, efforts to discourage inappropriate use of bone imaging 
in men with low-risk prostate cancer in Sweden reduced the 
proportion of men with low-risk prostate cancer who underwent 
bone imaging from 45% in 1998 to 3% in 2009. 



Introduction

• Missing data may also vary over time due to revised coding principles 
in cancer staging systems.

• An example is the removal of the category ‘‘Mx’’ for unknown 
metastatic status in the seventh edition of the TNM classification, 
with the result that men who have not undergone bone imaging are 
now classified as M0.

• Trends in the incidence of de novo metastatic cancer may be biased 
unless missing M stage is handled appropriately because the reasons 
for missing M stage vary over calendar time and across risk 
categories.



Aim of the study

• To assess statistical methods for estimating the age-standardized 
incidence of de novo metastatic prostate cancer when M stage is 
missing for a large proportion of men. 

• The methods used should account for missing data that vary over 
calendar time and are related to other measured and unmeasured 
clinical variables.



Materials

• All men diagnosed with prostate cancer from 2000 to 2019 registered in the 
National Prostate Cancer Register (NPCR) of Sweden were included. 

• The NPCR includes data on diagnostic work-up, tumor characteristics, and 
primary treatment. 

• Data linkages in the Prostate Cancer data Base Sweden (PCBaSe) were 
performed. 



Materials

• The following variables were extracted from PCBaSe: 
• age at diagnosis and year of diagnosis, 
• serum level of prostatespecific antigen (PSA)
• clinical TNM stage
• Gleason score (GS) of the diagnostic biopsy cores or World Health Organization(WHO) grade 

in fine needle biopsies
• mode of detection (lower urinary tract symptoms, other symptoms, and asymptomatic)
• primary treatment
• Charlson Comorbidity Index (CCI)
• survival time, and status (cause of death [prostate cancer or other causes] or censoring)

• Follow-up ended at the time of death or at the end of follow-up (December 31, 
2019). 



Materials

• Primary treatment was categorized into 
• radical treatment (radical prostatectomy or radiotherapy)

• androgen deprivation therapy (ADT) (gonadotropin-releasing hormone, antiandrogens 
[bicalutamide] or orchidectomy) 

• deferred treatment (active surveillance or watchful waiting) 

• other or unknown treatment (other)

• Data on all men alive each year between the ages of 40 and 100 years were 
obtained from Statistics Sweden (SCB).



Materials

• Men with prostate cancer were categorized according to the risk of metastatic 
disease at diagnosis:
• Low metastatic risk: PSA < 20 ng/mL, T1-2, and GS ≤ 7 or WHO grade 1-2 if GS is missing

• High metastatic risk: PSA  ≥ 20 ng/mL, T3-4, GS > 7, or WHO grade 3 if GS is missing

• Unknown metastatic risk: if missing any of PSA, T stage, and simultaneously both of GS and 
WHO grade.

• The author estimated the age-standardized incidence of de novo metastatic 
prostate cancer according to the age distribution in Sweden 2000 by using direct 
standardization. 



Methods

• To obtain an annual estimate of the proportion of M1 among all men alive in 
each age strata in the presence of missing data on M stage they used four 
different methods based on deterministic imputation (DI) and multiple 
imputation (MI) using the R package mice.

• The number of MIs was set to 128. 

• M stage was considered missing if the man had not undergone imaging to assess 
metastatic status. 



Methods

• Adjusted survival curves stratified by M stage were used to compare 
known and imputed M stage among men with M0 and M1, 
respectively, and these were obtained by the method of weighting to 
account for potential differences in baseline characteristics. 



Methods

1.Deterministic imputation

• M stage was substituted to M0 for all men with missing M stage. 

• This corresponds to a situation where only positive imaging results are 
registered and imaged men with M0 cannot be differentiated from 
nonimaged men, as in the current Union for International Cancer Control 
classification.



Methods

2.Partial deterministic imputation + multiple imputation

• For men with low-risk prostate cancer the National Swedish guidelines for 
prostate cancer recommend against imaging as the prevalence of M1 among 
these men is very low [3]. 

• M stage was therefore first substituted to M0 for all men categorized as low 
metastatic risk with missing M stage, and then remaining missing data in M 
stage and all other variables (e.g., PSA and N stage) was imputed using MI 
including all variables listed in the Materials section.



Methods

3. Standard MI

• All variables listed in the Material section were included and missing data 
were imputed using MI. 

• This method corresponds to a standard implementation of MI without any 
prior deterministic imputation.



Methods

4. Restricted MI

• Many registers contain a limited number of variables used in clinical 
practice, such as the National Cancer Registry in Sweden that only registers 
TNM and no other clinical variables or survival data. 

• To simulate this scenario only TNM stage, age, and year of diagnosis were 
included, and missing data were imputed using MI. Survival data were 
included in a sensitivity analysis. 



Results

1. Baseline characteristics (Table 1)
• There were 190,420 men diagnosed with prostate cancer between 2000 and 

2019 in NPCR. 

• Of which 126,102 men (66%) had missing M stage; 15,526 men (8%) were 
M1, constituting 24% of all imaged men. 



Results

1. Baseline characteristics (Table 1)

• Men with missing M stage had similar 
characteristics as men with M0 with 
respect to age at diagnosis, CCI, and 
mode of detection.

• The PSA, T stage and GS, however, 
indicated more favorable disease 
characteristics in men with missing M 
stage.



Results
1. Baseline characteristics

• Thirty six percent of men with M0 and 3% of men with M1 were categorized 
as low metastatic risk. 

• The annual number of men diagnosed with prostate cancer increased during 
the study period, while the annual number of men categorized as high 
metastatic risk was stable in all age groups. 

• Simultaneously, the proportion of imaged men (i.e., known M stage) 
decreased from 48% in 2000 to 23% in 2008. This was followed by an 
increase to 37% in 2019.



Results

2. Baseline characteristics after imputation
• The proportions of men with imputed M1 among men with missing M stage 

were 
• 7%, PDI+MI

• 10%, standard MI (SMI) 

• 16% restricted MI (RMI)



Results

2. Baseline characteristics after imputation
• Among men with imputed M1, the proportion categorized as low metastatic 

risk varied substantially (1-40%) depending on the imputation method used, 
compared with 4% among men with known M1. 



Results

2. Baseline characteristics after 
imputation

• When using PDI + MI, men with 
imputed M1 were older, had higher 
CCI, fewer were detected through a 
health checkup, and most men were 
assigned to primary treatment by ADT 
compared to other methods for 
imputation. 

• Different some baseline 
characteristics with different 
methods



Results

2. Baseline characteristics after 
imputation

• The tumor characteristics among 
men with imputed M0 were 
similar across methods and 
tended toward more favorable 
disease characteristics compared 
to men with known M0.



Results

3. Incidence of metastatic prostate cancer
• The estimated age-standardized incidence of de novo metastatic prostate cancer 

varied markedly between the four applied methods.

Both the estimated incidences, as 
well as the difference in estimated 
incidences between methods, 
decreased with time.43
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Results

3. Incidence of metastatic prostate cancer
• The estimated annual incidence of men with de novo metastatic prostate cancer 

categorized as low metastatic risk varied between methods.

• The estimated annual incidence of men with de novo metastatic prostate cancer 
categorized as high metastatic risk was similar for all methods except DI.

Low metastatic risk High metastatic risk



Results

4. Survival
• When applying the methods PDI + MI and 

SMI, the survival curves for men with 
imputed M stage closely matched those 
for men with known M stage when 
considering all men and men categorized 
as high metastatic risk.

The adjusted 5-year overall survival curves for men with known M0 or M1, and 
for men with missing M stage imputed as M0 or M1.



Results

4. Survival
• Among men categorized as low 

metastatic risk, the number of 
imputed M1 according to PDI + MI 
were few (n = 98), making any 
comparison of survival uncertain.

• For men with known and imputed 
M1 categorized as low metastatic 
risk, the curves separated 
immediately when applying the 
SMI method, and the RMI method 
yielded survival curves that did not 
match particularly well in any of 
the strata. 

The adjusted 5-year overall survival curves for men with known M0 or M1, and 
for men with missing M stage imputed as M0 or M1.



Results

• The results were similar for 
prostate cancer specific survival.

Adjusted prostate cancer-specific survival averaged over the multiple imputations,
for all men and stratified by those with Low metastatic risk and High metastatic risk.



Discussion

• Summary of findings
• The estimated age-standardized incidence of de novo metastatic prostate 

cancer differed markedly between the methods used to handle missing data 
in metastatic status.

• PDI+MI simultaneously yielded a small number of men with imputed M1 
among men with low metastatic risk and a survival of imputed M stage that 
best resembled that of observed M stage.



Discussion

• Validity of different methods for imputation of M stage
• Deterministic imputation likely underestimates the incidence of M1, which 

mostly depends on the changing use of imaging over calendar time among 
men older than 70 years with high metastatic risk.

• The validity of the MI methods relies on the plausibility of the missing at 
random (MAR) assumption. 

• It is recommended to include as many auxiliary variables as possible in the 
analysis to increase the plausibility of MAR, since such variables may explain 
systematic differences between those with observed and missing data. 



Discussion

• When such variables are not available or omitted, data can no longer be 
considered MAR and is instead missing not at random (MNAR). 

• In this study, missing information on variables that predict the risk of 
metastases and the probability of undergoing imaging was considered the 
primary reason why data could be MNAR.

• MNAR can result in a large bias in estimates obtained after MI that operates 
under the MAR assumption.



Discussion

• The PDI + MI produced the most convincing imputations among the considered 
methods based on the low number of men with imputed M1 and low metastatic 
risk and on the similarity of the survival curves. 

• However, the validity of estimated incidence based on this method depends on 
how well it approximates the truth, which is unknown, and we were unable to 
test the above assumptions. 

• Therefore, the findings do not prove that the method is valid.



Discussion

• Restricted MI did not include survival time or cause of death in the 
imputation model and did not produce similar adjusted survival 
curves when comparing men with known and imputed M stage and 
was thus unable to adequately impute M stage, particularly among 
men with low metastatic risk. 

• Consequently the annual incidence of metastatic prostate cancer 
was likely overestimated with this method.



Discussion

• Strengths
• Data quality in NPCR has been shown to be high.

• An important strength was the availability of several auxiliary variables, 
most with negligible amount of missing data, which predict M stage and 
missingness in M stage. This increased the plausibility of the MAR 
assumption. 



Discussion

• Limitations
• The large proportion of missing data in M stage (66%) and missing data are 

predictors for imputing M stage that may affect the performance of MI. 

• The author were unable to assess the potential bias of different use of 
imagings modalities, due to lack of such data. 

• Any temporal changes in assessment and definition of the auxiliary variables 
may also be a source of bias. For example, the Gleason classification has 
been modified during the study period.



Conclusions

• The amount of missing data in metastatic status is often high even in clinical 
cancer registers with otherwise comprehensive data and the estimated age-
standardized incidence of de novo metastatic prostate cancer is sensitive  to 
how missing data in metastatic status is handled.

• Substituting missing M stage with M0 underestimates the incidence. 

• The most convincing results were obtained from imputations of missing M stage 
using DI of missing M stage to M0 in men with low baseline risk of metastases 
combined with MI of missing M stage and other variables in all other men. 

• These findings are also relevant for other cancers, if tailored to the context of 
interest, since the incidence of metastatic cancer is an important proxy for long 
term cancer-specific mortality in many cancer studies with short follow-up.
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