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Choice of imputation method for missing metastatic status affected
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Abstract
Objectives: To study how handling missing data on M stage in a clinical cancer register affects estimates of incidence of metastatic
prostate cancer.

Study Design and Setting: Estimates of age-standardized incidence of metastatic prostate cancer were obtained by the use of data in a
population-based clinical cancer register in Sweden and using four methods for imputation of missing M stage. Adjusted survival was used
to compare men with known and imputed M stage.

Results: The proportion of men with missing M stage was high (66%) and varied according to the risk group and over calendar time.
The estimated incidence of metastatic disease varied depending on imputation method, with all methods indicating a decreasing incidence
over time. A combination of deterministic imputation (DI) and multiple imputation (MI) produced adjusted survival curves for men with
imputed M stage that best resembled the survival for men with known M stage.

Conclusions: Plausible estimates of incidence of metastatic prostate cancer in clinical cancer registers can be obtained by the use of a
combination of DI of missing M stage and MI. � 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The incidence of de novo metastatic cancer (i.e., meta-
static cancer at diagnosis) is an early proxy for cancer-
specific mortality when evaluating interventions such as
screening and easier and earlier access to health care. Inci-
dence of de novo metastatic cancer is unaffected by new
treatments, and it does not require a long observation time.
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Missing data on tumor node metastasis (TNM) variables is
common [1,2] 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 can-
cer who underwent bone imaging from 45% in 1998 to
3% in 2009 [3]. Missing data may also vary over time
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What is new?

Key findings
� The estimated incidence of metastatic prostate can-

cer (M1) varied depending on how missing data on
M stage was handled. Simply substituting all
missing M stage with M0 underestimated the inci-
dence of M1. Deterministic imputation of missing
M stage to M0 among men with low risk of metas-
tases in combination with multiple imputation
yielded similar survival comparing men with
known and missing M-stage.

What this adds to what is known?
� Information on serum of prostate-specific antigen

levels and Gleason score, in addition to tumor node
metastasis stage is necessary to yield plausible es-
timates when imputing missing M stage.

What is the implication and what should change
now?
� Missing M stage cannot by default be deterministi-

cally imputed to M0. Analyses of incidence trends
of metastatic prostate cancer should be comple-
mented with sensitivity analyses and information
on how missing M stage was handled.

due to revised coding principles in cancer staging systems.
An example is the removal of the category ‘‘Mx’’ for un-
known 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
[4,5]. Trends in the incidence of de novo metastatic cancer
may be biased unless missing M stage is handled appropri-
ately because the reasons for missing M stage vary over cal-
endar time and across risk categories [6e8].

1.1. Aim of the study

The aim of the study was 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.

M. Westerberg et al. / Journal of C
2. Materials

All men diagnosed with prostate cancer from 2000 to
2019 registered in the National Prostate Cancer Register
(NPCR) of Sweden were included [9]. The NPCR includes
data on diagnostic work-up, tumor characteristics, and pri-
mary treatment. Data linkages in the Prostate Cancer data
Base Sweden (PCBaSe) were performed between the
NPCR, the National Patient Register, the National Cancer
Register, and the National Cause of Death Register by
use of the unique Swedish personal identity number [10].
The following variables were extracted from PCBaSe: age
at diagnosis, year of diagnosis, serum level of prostate-
specific antigen (PSA), clinical TNM stage, Gleason score
(GS) of the diagnostic biopsy cores or World Health Orga-
nization (WHO) grade in fine needle biopsies, mode of
detection (lower urinary tract symptoms, other symptoms,
and asymptomatic), primary treatment, Charlson Comor-
bidity 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). Primary treatment was categorized
into radical treatment (radical prostatectomy or radio-
therapy), androgen deprivation therapy (ADT) (gonado-
tropin-releasing hormone, antiandrogens [bicalutamide] or
orchidectomy), deferred treatment (active surveillance or
watchful waiting) and other or unknown treatment (other).
The CCI was based on discharge diagnoses, excluding
prostate cancer and metastases, from the National Patient
Register up to 10 years prior to prostate cancer diagnosis.
Data on all men alive each year between the ages of 40
and 100 years were obtained from Statistics Sweden
(SCB) [11].

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 1e2 if GS is missing,

High metastatic risk: PSA � 20 ng/mL, T3-4, GS O7,
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 categorization was designed to closely match the
current Swedish clinical guidelines for use of imaging in
the diagnostic workup of men with prostate cancer [12].
3. Methods

We estimated the age-standardized incidence of de novo
metastatic prostate cancer according to the age distribution
in Sweden 2000 by using direct standardization [13]. 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 we used four different methods based on
deterministic imputation (DI) and multiple imputation
(MI) using the R package mice [14,15] as described below.
The number of MIs was set to 128 [16]. The definition of M
stage used prior to 2011 was recreated for the whole cohort;
i.e., M stage was considered missing if the man had not un-
dergone imaging to assess metastatic status. Adjusted sur-
vival 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
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of weighting to account for potential differences in baseline
characteristics [17]. See Supplementary Materials for
further details on the methods, specification of the imputa-
tion models, weight diagnostics, and sensitivity analyses.

3.1. Deterministic imputation

M stage was substituted to M0 for all men with missing
M stage. This corresponds to a situation where only posi-
tive imaging results are registered and imaged men with
M0 cannot be differentiated from nonimaged men, as in
the current Union for International Cancer Control classifi-
cation [5].

3.2. Partial deterministic imputation þ multiple
imputation

For men with low-risk prostate cancer [18] 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.

3.3. Standard MI

All variables listed in the Material section were included
and missing data were imputed using MI. This method cor-
responds to a standard implementation of MI without any
prior deterministic imputation.

3.4. Restricted MI

Many registers contain a limited number of variables
used in clinical practice, such as the National Cancer Reg-
istry in Sweden that only registers TNM and no other clin-
ical 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, see Supplementary
Materials.
4. Results

4.1. Baseline characteristics

There were 190,420 men diagnosed with prostate cancer
between 2000 and 2019 in NPCR. Baseline characteristics
by M stage are summarized in Table 1. Of which 126,102
men (66%) had missing M stage; 15,526 men (8%) were
M1, constituting 24% of all imaged men. 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 favor-
able disease characteristics in men with missing M stage.
Thirty six percent of men with M0 and 3% of men with
M1 were categorized as low metastatic risk. The corre-
sponding proportion for men with missing M stage was
70%, and these were substituted to M0 by the DI method
and the partial deterministic imputation þ MI
(PDI þ MI) method prior to MI.

The annual number of men diagnosed with prostate can-
cer increased during the study period, while the annual
number of men categorized as high metastatic risk was sta-
ble 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 which was most pronounced among men
aged 70 years or above categorized as high metastatic risk
(Supplementary Figure 1).
4.2. Baseline characteristics after imputation

The proportions of men with imputed M1 among men
with missing M stage were 7%, 10%, and 16% when
applying PDI þ MI, standard MI (SMI), and restricted
MI (RMI), respectively. Among men with imputed M1,
the proportion categorized as low metastatic risk varied
substantially (1e40%) depending on the imputation
method used (Supplementary Table 1), compared with 4%
among men with known M1 (Table 1). When using
PDI þ 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. The tumor char-
acteristics among men with imputed M0 were similar
across methods and tended toward more favorable disease
characteristics compared to men with known M0
(Supplementary Table 1).
4.3. Incidence of metastatic prostate cancer

The estimated age-standardized incidence of de novo
metastatic prostate cancer varied markedly between the
four applied methods (Figure 1). The estimated incidences
were 43, 70, 74, and 91 per 100,000 men in 2000 for each
method DI, PDI þ MI, SMI, and RMI, respectively. Both
the estimated incidences, as well as the difference in esti-
mated incidences between methods, decreased with time
and were 32, 40, 50, and 57 per 100,000 men for DI,
PDI þ MI, SMI, and RMI, respectively in 2019. However,
the estimated incidence curve was u-shaped for DI with a
minimum of 26 per 100,000 men in 2012.

The estimated annual incidence of men with de novo
metastatic prostate cancer categorized as low metastatic
risk varied between methods (Supplementary Figure 2);
SMI initially yielded a decrease followed by an increase
over time, from 5 in 2000 to 11 per 100,000 men in
2019, and RMI yielded an increase over time, from 12 to
17 per 100,000 men, whereas DI and PDI þ MI were stable
around 2 per 100,000 men. The estimated annual incidence



Table 1. Baseline characteristics of men diagnosed with prostate cancer in PCBaSe between 2000 and 2019 by M stage determined by imaging.
Men that did not undergo bone imaging have missing M stage. Column-wise percentages are indicated with () and row-wise percentages are
indicated with []

All M Stage M0 M Stage M1 Missing M stage

n (%) n (%) [%] n (%) [%] n (%) [%]

N 190,420 (100) 48,792 (100) [26] 15,526 (100) [8] 126,102 (100) [66]

Age at diagnosis, yr

!60 23,851 (13) 5,329 (11) [22] 1,027 (7) [4] 17,495 (14) [73]

60e69 70,888 (37) 18,480 (38) [26] 3,900 (25) [6] 48,508 (38) [68]

70e74 36,729 (19) 11,200 (23) [30] 3,050 (20) [8] 22,479 (18) [61]

75e80 28,945 (15) 7,973 (16) [28] 3,140 (20) [11] 17,832 (14) [62]

80þ 30,007 (16) 5,810 (12) [19] 4,409 (28) [15] 19,788 (16) [66]

Year of diagnosis

2000e2005 50,744 (27) 14,894 (31) [29] 4,955 (32) [10] 30,895 (25) [61]

2006e2011 56,868 (30) 10,005 (21) [18] 3,527 (23) [6] 43,336 (34) [76]

2012e2019 82,808 (43) 23,893 (49) [29] 7,044 (45) [9] 51,871 (41) [63]

Charlson Comorbidity Index

0 137,465 (72) 35,967 (74) [26] 9,705 (63) [7] 91,793 (73) [67]

1 25,091 (13) 6,498 (13) [26] 2,640 (17) [11] 15,953 (13) [64]

2 16,853 (9) 3,933 (8) [23] 1,769 (11) [10] 11,151 (9) [66]

3þ 11,011 (6) 2,394 (5) [22] 1,412 (9) [13] 7,205 (6) [65]

PSA (ng/mL)

Median (Q1, Q3) 10 (6-24) 15 (8-30) 138 (39-503) 8 (5-14)

0e9 94,545 (50) 16,362 (34) [17] 1,038 (7) [1] 77,145 (61) [82]

10e19 37,144 (20) 12,975 (27) [35] 1,140 (7) [3] 23,029 (18) [62]

20e49 25,953 (14) 12,019 (25) [46] 2,315 (15) [9] 11,619 (9) [45]

50e99 10,975 (6) 4,140 (8) [38] 2,128 (14) [19] 4,707 (4) [43]

100e499 11,288 (6) 2,554 (5) [23] 4,705 (30) [42] 4,029 (3) [36]

500þ 5,974 (3) 314 (1) [5] 4,028 (26) [67] 1,632 (1) [27]

Missing 4,541 (2) 428 (1) [9] 172 (1) [4] 3,941 (3) [87]

T stage

1 89,350 (47) 16,343 (33) [18] 1,261 (8) [1] 71,746 (57) [80]

2 57,496 (30) 19,043 (39) [33] 3,290 (21) [6] 35,163 (28) [61]

3 32,854 (17) 11,725 (24) [36] 7,497 (48) [23] 13,632 (11) [41]

4 5,986 (3) 879 (2) [15] 2,859 (18) [48] 2,248 (2) [38]

Missing 4,734 (2) 802 (2) [17] 619 (4) [13] 3,313 (3) [70]

N stage

0 39,849 (21) 21,544 (44) [54] 1,867 (12) [5] 16,438 (13) [41]

1 6,522 (3) 2,986 (6) [46] 2,496 (16) [38] 1,040 (1) [16]

Missing 144,049 (76) 24,262 (50) [17] 11,163 (72) [8] 108,624 (86) [75]

Gleason sum or WHO grade

GS 6/WHO grade 1 76,341 (40) 10,397 (21) [14] 780 (5) [1] 65,164 (52) [85]

GS 7/WHO grade 2 69,224 (36) 21,700 (44) [31] 3,930 (25) [6] 43,594 (35) [63]

GS 8-10/WHO grade 3 40,496 (21) 16,216 (33) [40] 9,670 (62) [24] 14,610 (12) [36]

Missinga 4,359 (2) 479 (1) [11] 1,146 (7) [26] 2,734 (2) [63]

Metastatic risk

Low metastatic risk 105,952 (56) 17,387 (36) [16] 536 (3) [1] 88,029 (70) [83]

High metastatic risk 73,378 (39) 29,878 (61) [41] 13,455 (87) [18] 30,045 (24) [41]

Unknown metastatic risk 11,090 (6) 1,527 (3) [14] 1,535 (10) [14] 8,028 (6) [72]

Mode of detection

Health check-up 76,891 (40) 20,186 (41) [26] 2,381 (15) [3] 54,324 (43) [71]

Lower urinary tract symptoms 56,613 (30) 14,286 (29) [25] 4,404 (28) [8] 37,923 (30) [67]

(Continued )
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Table 1. Continued

All M Stage M0 M Stage M1 Missing M stage

n (%) n (%) [%] n (%) [%] n (%) [%]

Other symptoms 50,268 (26) 12,754 (26) [25] 8,346 (54) [17] 29,168 (23) [58]

Missing 6,648 (3) 1,566 (3) [24] 395 (3) [6] 4,687 (4) [71]

Primary treatment

Radical treatmentb 74,752 (39) 28,828 (59) [39] 364 (2) [0] 45,560 (36) [61]

Androgen deprivation therapy 52,378 (28) 13,076 (27) [25] 14,392 (93) [27] 24,910 (20) [48]

Deferred treatmentc 54,809 (29) 5,426 (11) [10] 261 (2) [0] 49,122 (39) [90]

Other 8,481 (4) 1,462 (3) [17] 509 (3) [6] 6,510 (5) [77]

Follow-up and status

Median follow-up (Q1, Q3) 6 (3-10) 6 (3-10) 2 (1-4) 6 (3-10)

Censored 119,272 (63) 32,068 (66) [27] 3,807 (25) [3] 83,397 (66) [70]

Death by prostate cancer 29,358 (15) 6,708 (14) [23] 9,101 (59) [31] 13,549 (11) [46]

Death by other causes 41,790 (22) 10,016 (21) [24] 2,618 (17) [6] 29,156 (23) [70]

PCBaSe, prostate cancer data base sweden; PSA, prostate-specific antigen; WHO, world health organization; GS, Gleason score.
a If GS is missing then WHO grade is reported if known.
b Radical treatment includes radical prostatectomy and radical radiotherapy.
c Deferred treatment includes active surveillance and watchful waiting.
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of men with de novo metastatic prostate cancer categorized
as high metastatic risk was similar for all methods except
DI (Supplementary Figure 3).
4.4. Survival

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 are shown in Figure 2. When
applying the methods PDI þ 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.
Among men categorized as low metastatic risk, the num-
ber of imputed M1 according to PDI þ MI were few
(n 5 98), making any comparison of survival uncertain.
Fig. 1. Standardized incidence of metastatic prostate cancer (with respect
imputed for men with missing M stage, i.e., men that did not undergo bon
for men diagnosed in 2011. Men registered as M1 in 2011 with no inform
imputation; DI, deterministic imputation; PDI þ MI, partially deterministic
tional prostate cancer register of Sweden.
The adjusted survival curves for men with known and
imputed M1 categorized as low metastatic risk 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 results were
similar for prostate cancer specific survival
(Supplementary Figure 4) and in unadjusted analyses
(Supplementary Figures 5 and 6).
5. Discussion

5.1. Summary of findings

The estimated age-standardized incidence of de novo
metastatic prostate cancer differed markedly between the
to the age distribution in 2000) by statistical method. M stage was
e imaging. Data on use of bone imaging were not registered in NPCR
ation on imaging were considered as M1 when using DI. MI, multiple
imputation þ MI; SMI, standard MI; RMI, restricted MI; NPCR, Na-



Fig. 2. Adjusted overall survival averaged over the multiple imputations, for all men and stratified by those with low metastatic risk and high met-
astatic risk. M stage was imputed for men with missing M stage, i.e., men that did not undergo bone imaging. The strata defined by M stage there-
fore vary across imputations and imputation methods. The survival estimates for known M stage were not based on a complete-case analysis
because the weights were computed based on both observed and imputed data. Numbers at risk, reported as averages over the multiple imputa-
tions, were computed in the weighted population, and may therefore be different between the imputation methods for men with known M stage.
Some men had missing data in PSA or GS and could not be categorized into low or high metastatic risk even after imputation using the restricted MI
(that omitted PSA and GS). PSA, prostate-specific antigen; GS, Gleason score.
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methods used to handle missing data in metastatic status.
Partial deterministic imputation þ multiple imputation
simultaneously yielded a small number of men with
imputed M1 among men with low metastatic risk and a sur-
vival of imputed M stage that best resembled that of
observed M stage.
5.2. Validity of different methods for imputation of M
stage

Deterministic imputation likely underestimates the inci-
dence of M1, which mostly depends on the changing use of
imaging over calendar time among men older than 70 years
with high metastatic risk. Randomized clinical trials have
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shown that radical radiotherapy with neoadjuvant and adju-
vant ADT increase survival in men with locally advanced
prostate cancer [19,20], which likely has led to a more
comprehensive workup of men with high metastatic risk
in more recent years. This likely explains both the increase
of imaging in these men after 2008 and the U-shape of the
incidence curve.

The validity of the MI methods relies on the plausibility
of the missing at random (MAR) assumption [14]. It is rec-
ommended to include as many auxiliary variables as
possible in the analysis to increase the plausibility of
MAR [21,22], since such variables may explain systematic
differences between those with observed and missing data.
When such variables are not available or omitted, data can
no longer be considered MAR and is instead missing not at
random (MNAR) [14]. In this study, missing information
on variables that predict the risk of metastases and the prob-
ability 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.

Using subject matter knowledge is crucial when data are
missing frequently and missingness may be MNAR. Based
on recommendations in guidelines on the use of imaging,
we hypothesized that men with baseline cancer characteris-
tics indicating a low risk for metastatic disease and who did
not undergo imaging were unlikely to have metastases.
Substituting missing M stage with M0 for these men likely
results in a negligible underestimation of M1 disease. We
did not expect systematic differences between imaged and
nonimaged men with high metastatic risk on the risk of me-
tastases. This motivated the use of the PDI þ MI method.
The PDI þ 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. There-
fore, the findings do not prove that the method is valid.
Ideally, a validation study should be performed where a
random selection of cases with missing M stage was sub-
jected to a patient record review to try to determine M stage
and/or the reason for missingness.

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 metasta-
tic risk. Consequently the annual incidence of metastatic
prostate cancer was likely overestimated with this method.
5.3. Other studies

Other studies have reported an association between
missing data in stage and comorbidity [23] and age
[24e26]. Missing data in prostate cancer stage in the En-
glish Cancer Registry were imputed using a combination
of substitution (deterministic imputation) followed by MI
[2]. The authors observed an increase from 6% to 8% in
the proportion of known metastatic prostate cancer between
2010 and 2013, which could potentially be due to changes
in use of imaging as suggested by the large decrease over
time in the proportion of men missing cancer stage, from
83.1% to 32.5%.

In an Australian cohort the validity of MI for missing
cancer stage at diagnosis was assessed by cross-linkage
with data from health care records [27]. The authors
concluded that MI may be an appropriate method to handle
missing data on cancer stage in a cancer registry particu-
larly when more clinical variables were available. However
any differences in clinical practice (e.g., diagnostic routines
and use of imaging, which was not reported) and data regis-
tration (e.g., only summary stage was available and not
separate TNM stage) makes it difficult to assess whether
their findings are applicable in our study.
5.4. Implications for data registration and coding

Our results indicate that it is instrumental to have access
to data on use of imaging to determine which men had
known M stage, or else one cannot assess the potential
magnitude of the underestimation of incidence. Such data
may not be available for example if the M classification
applied does not include a category ‘‘Mx’’ that indicates
that imaging was not performed and unknown M stage is
coded as M0, and if there is no other variable indicating
whether imaging was performed. It is also important to
be able to distinguish between whether M stage was deter-
mined by imaging or if men were coded M0 if there is no
obvious signs of metastasis [4] and M1 if PSAO100 ng/mL
when imaging results were not reported [28,29].
5.5. Strengths and limitations

Data quality in NPCR has been shown to be high [30].
An important strength was the availability of several auxil-
iary 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. By
comparing results of the imputation methods for missing
M stage we gained insights into how data availability and
handling of missingness in M stage may affect incidence
estimates.

Limitations of our study include the large proportion of
missing data in M stage (66%) and missing data are predic-
tors for imputing M stage (e.g., 75.6% for N stage) that may
affect the performance of MI [31]. Methods such as single-
photon emission computerized tomography and positron
emission tomography have higher sensitivity and specificity
[32,33] than bone scintigraphy and changes in use of imag-
ing modalities over time can cause bias. We were unable to
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assess this potential bias due to lack of such data. Moreover
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 dur-
ing the study period [34e37].

Our study focused on analyses of register data for epide-
miological, population-level studies, and the concepts and
implications of this article apply to statistical aspects of
missing data and are not intended to be adopted for clinical
practice. However the results can help guide instruction for
coding in cancer registries and clinical databases.
6. 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 inci-
dence 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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