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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 systemes.

* 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 MO.

* 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 (CCl)

* survival time, and status (cause of death [prostate cancer or other causes] or censoring)

. Sglllg\)/v-up ended at the time of death or at the end of follow-up (December 31,



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:
e 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 (M) using the R package mice.

e The number of Mls 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 MO 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 MO for all men with missing M stage.

* This corresponds to a situation where only positive imaging results are
registered and imaged men with MO 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 MO 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 Ml
including all variables listed in the Materials section.



Methods

3. Standard Ml

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

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



Methods

4. Restricted Ml

* 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.

e To simulate this scenario only TNM stage, age, and year of diagnosis were
included, and missing data were imputed using Ml. 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.

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

1. Baseline characteristics

* Thirty six percent of men with MO 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.

e 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.

Al M Stage MO M Stage M1 Missing M stage
n (%6) n (%) [%al] n (%) [%=] n (%) [%6]

N 190,420 (100) 48 792 (100) [26] 15,526 (100) [8] 126,102 (100) [e6&]
Age at diagnosis, yr
Metastatic risk

Low metastatic risk 105,952 (56) 17 387 (36) [16] 536 (3) [1] BB.029 (70) [33]

High metastatic risk 73,378 (39) 29878 (61) [41] 13,455 (87) [18] 30,045 (24) [41]

Unknown metastatic risk 11,090 (B) 1,527 (3) [14] 1,635 (10) [14] 8,028 (B) [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 (2B) [B] 37,923 (30) [67]




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.

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

=
+ I . _
c All Low metastatic risk High metastatic risk
S
E g ] ‘né ] N EDE a
3 o (o) <]
Q T ] -
| | Py |
£ 8 ! 2 ~ . 2
O ; 3 3 I 3
= £ 7 N T ]
= B o ] S 2 ] 2 ] S
IS 8 8 ] &8 ] =
A 7 = -
] . . .
z
(] 2 2 32
4 S . I o SO T T — SN T T T — S T | — —
]

. u rVIVa S \umbersatrisk © 1 2 3 4 5 o 1 2 3 4 5 o 1 2 3 4 5
a —— Known MO 49114 39149 28252 18504 14876 10462 30461 22976 1560¢
o - Known M1 15589 6368 2607 613 322 208 14974 6072 2415

= = Imputed MO 117706 95033 72478 93033 76136 59680 24121 19017 1394¢
98 47 30 8768 3957 1808

* When applying the methods PDI + Ml and = - Impuealil g5y’ ol fess
SMI, the survival curves for men with

90%
L1 ]
v

4
90%
L1 11
/
t
']
i
]
I
I
i
!
1
90%

) =
— Ny )
imputed M stage closely matched those E 55 - £ g
> — —
. T 5 ] s i
for men with known M stage when S 32 ] U 2
+—
. . . w @ - ”
considering all men and men categorized E - )
o~ —
h' h t t t' M k 5 I T T T T 1 S I T T T T 1 S
as high metastatic risk. T o 1 2 s 4 s
- Known MO 49013 39114 28257 18481 14893 10501
- Known M1 15913 6707 2982 591 303 215
= = Imputed MO 114833 93152 71228 90736 74698 58772
= = Imputed M1 11726 5514 2647 2392 1474 925
2] 2 ] P
= 8 8 ] 2
° 8 2 2
g - g ] g
= 5 i
D D2 8 &
o 37 8 ] 8
2 2 2
© T T T T 1 S T T T T 1 S T T T T 1
Numbers at risk 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
— Known MO 48966 38529 27609 18134 14438 10287 29734 22692 1545t
— Known M1 16094 6693 2869 573 320 212 13738 5663 2232
= = |mputed MO 106732 84114 63667 82010 67455 53032 20262 14893 1057
= = Imputed M1 19001 12980 8658 7711 6243 4796 9911 6511 4148

Years since diagnosis



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

e 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.

* |tis 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).

* |n 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

e 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
e 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 Ml.

* 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.

e Substituting missing M stage with MO underestimates the incidence.

* The most convincing results were obtained from imputations of missing M stage
using DI of missing M stage to MO in men with low baseline risk of metastases
combined with Ml 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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