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ABSTRACT

Background: The stage at diagnosis is one of the most important predictors for cancer survival. TNM
stage is constructed from T (tumor size), N (nodal spread), and M (distant metastasis) components. In
many notifications to cancer registries, TNM information is incomplete with unknown N and/or M. We
aimed to evaluate the influence of various assumptions for recoding missing N (NX) and M (MX) as NO
and MO on the proportion with available TNM stage, stage-distribution, and stage-specific relative
survival.

Material and Methods: We identified 140,201 patients diagnosed with incident cancer of the colon,
rectum, lung, breast, or kidney during 2014-2016 in Denmark, Norway, Sweden, or Iceland.
Information on TNM were obtained from cancer registry records used for an update of the Nordic can-
cer statistics database NORDCAN. Patients were followed for death or emigration through 2017. We
calculated proportions of available TNM stage, stage distribution, and stage-specific relative survival
under different approaches for each cancer site and country.

Results: Application of the assumptions yielded higher numbers of cases with available TNM stage
for stages 0-I, II, and Ill. We observed only minor differences in stage-specific one-year relative survival
when applying NOMO for missing N and M, especially for high completeness of TNM registrations,
whereas relative survival for remaining cases with missing TNM stage declined substantially.
Conclusion: We found no major changes in stage-specific one-year relative survival applying NOMO for
NXMX. We conclude that complete TNM information is preferable to making assumptions, but it seems
reasonable to consider assuming NOMO for missing N and M in future studies based on the Nordic
cancer registries. An automatic algorithm, though, is not recommended without considering potential
area-specific reasons for frequent use of NX and MX. Clinicians should be urged to report complete
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TNM information to improve surveillance of the TNM stage.

Background

Cancer staging using tumor size (T), nodal spread (N) and
distant metastasis (M), known as the TNM stage classification,
is an important tool in the management of cancer patients
and one of the most important predictors for cancer survival
[1,2]. Moreover, information on TNM-staging is a valuable
tool in empirical research, e.g., epidemiological cancer sur-
veillance studies based on cancer registry data [1]. The TNM
stage is cancer site-specific and derived from three compo-
nents: T (main values 1-4), describing the extent of the pri-
mary tumor, N (0-3) denoting the absence or presence and
extent of regional lymph node metastases, and M (0,1)
denoting absence or presence of distant metastases. The
TNM stage can be assessed and registered as a clinical classi-
fication, cTNM, or a postsurgical histopathological classifica-
tion, pTNM. Manuals for TNM-staging are updated regularly

and provide specifics at the cancer site-specific level on how
each component, i.e, T, N, and M, should be assessed and
the final TNM stage determined [1].

Knowledge of all three TNM components are necessary to
determine the TNM stage except when M1 is registered. In
that case, the TNM stage is always stage IV. However, many
cancer notifications to cancer registries report values of T
but with unknown N and M (NXMX), or with unknown M
(MX), thus hindering the determination of the TNM stage
according to guidelines. Clinicians may report MX for cases
in which the clinical work-up has not established with confi-
dence that cancer is not disseminated. To determine a TNM
stage for such a case, various assumptions can be applied,
e.g., by assuming that if the T and N components are avail-
able, MX can be interpreted as MO0. Such assumptions are
often applied in international studies comparing country-spe-
cific stage-distribution and relative survival for a cancer site,
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e.g., the SurvMark2 project; however, the specific influence
of these assumptions has not been validated [3-5]. In fact,
the use of MX is not in accordance with the TNM manual
7th edition [6] stating ‘If there is doubt concerning the correct
T, N or M category to which a particular case should be allot-
ted, then the lower (ie., less advanced) category should be
chosen. This should also be reflected in the stage grouping’.
Moreover, the manual reads for cTNM ‘The MX category is
considered to be inappropriate as clinical assessment of metas-
tasis can be based on physical examination alone (the use of
MX may result in exclusion from staging)’, and for pTNM ‘pMO
and pMX are not valid categories’.

In the present study, we aimed to evaluate the influence
of various assumptions for recoding missing N (NX) and M
(MX) as NO and MO on the proportion of patients with avail-
able TNM stage and stage-distribution for five major cancer
sites (colon, rectum, lung, breast, and kidney) in the Nordic
cancer registries. We also estimated the impact of different
assumptions on one-year relative survival.

Material and methods

From the nationwide cancer registries of Denmark, Norway,
Sweden, and Iceland [7], we identified all cancer patients
diagnosed with incident cancer of the colon, rectum, lung,
breast, or kidney during 2014-2016. Patients were followed
for death or emigration until the end of 2017. Key cancer
data, including TNM information, were obtained from the
cancer registries. Specifically, the data were derived from
national deliveries to the NORDCAN secretariat in Denmark
for the annual update of the NORDCAN cancer statistics
database for inclusion of 2016 cancer data. For Iceland, no
TNM data were available for lung and kidney cancer. In the
cancer registries of Norway and Iceland, both clinical (cTNM)
and pathological (pTNM) stage could be reported for a can-
cer case, whereas the clinical or pathological basis for the
TNM registration were not specified in Denmark and
Sweden. In Norway, cTNM was derived from notifications to
the cancer registry from clinicians and pTNM information
from the clinical/quality registers [8]. For kidney cancer in
Norway, only cTNM was available. In Iceland, cancer registry
staff collected information on TNM from the hospital medical
records. We chose to use the maximum values of T, N, and
M corresponding to the practice in the Danish Cancer
Registry [7]. In Denmark and Sweden, reporting of TNM to
the cancer registries for incident cancers has been manda-
tory since 2004. For Denmark, TNM registrations come from
the inpatient hospital register. In Sweden, most of the TNM
registrations in the Cancer Registry are transferred from clin-
ical quality registers [8].

Using the 7th edition of the TNM manual [6], we trans-
formed T, N, and M to the TNM stage for each case accord-
ing to TNM guidelines for the specific cancer site. We used
NORDCAN entities for the identification of the five chosen
cancer sites, i.e., colon ICD10: C18, rectum C19-20, lung C33-
34, breast C50, and kidney C64. Appendix (C18.1) was trans-
formed as a separate TNM-site, while no transformation was

feasible for the trachea (C33) and, thus, only M1 could be

registered.
From valid values of the T, N, and M components, we
categorized the TNM stage as 0, |, Il, lll, and IV. For simplifica-

tion, we combined TNM stages O-I. In a clinical context, this
would not be sufficiently detailed, but the combination is
appropriate for surveillance purposes. We applied various
assumptions for missing values of N and M and established
three approaches for assessing the TNM stage: (A1) ‘Strict’
TNM-rules requiring that all three components (T, N, and M)
were available except if M1 was noted. When both c¢TNM
and pTNM were available, we used the highest T, N, and M
values; (A2) based on A1 values, MO was used for MX if valid
T and N were available; and (A3) on top of A2, NO was used
for NX if a valid T was present. Moreover, we defined two
categories for cases with missing TNM stage: ‘No info’
included cases with no information, i.e., TXNXMX, independ-
ent of the assumptions. ‘Partly info’ included cases with MX
and valid T and/or N value, and cases with MO but a non-
valid T and/or N. These cases were included according to the
three assumptions (A1-A3).

As a sensitivity analysis for Norway and Iceland, we also
compared approach A3 to an alternative approach com-
monly used in international comparisons, i.e., preferring pTN
above ¢TN and cM above pM, unless pM1 was registered
(A3-path).

Statistical methods

We calculated the number of cases and the proportions with
the available TNM stage for the three approaches. Secondly,
we calculated the difference in percentage points (pp) in a
stepwise comparison to the preceding approach for the five
sites for the four countries. Finally, we estimated the number
of additional/relocated cases proceeding from approach A1
through A3 and their distribution by TNM stage categories.

For each cancer site and country, and for approach A1l
and A3 specifically, we assessed the distribution by the vari-
ous missing categories and available TNM stage, as well as
the stage distribution among those with available TNM
stage. This was supplemented with an assessment of the dif-
ference in pp between approach A1 and A3.

For each cancer site, we estimated one-year age-standar-
dised relative survival for all cases diagnosed in the study
period (2014-2016; followed through 2017), and separately
for the missing group and stage-specific groups. We used
the Pohar-Perme method [9] with relative age weights [10]
according to an adapted version of the International Cancer
Survival Standard 1 (ICSS1; see Supplementary Table 1). We
used the strs command in Stata to calculate relative survival
and confidence intervals (Cl), with the indweight option for
individual weights [11]. For approach A3, we computed one-
year relative survival estimates with 95% confidence intervals,
as well as the difference to the point estimate of survival for
A1, for the five cancer sites and four countries. In the survival
calculations cases diagnosed via death certificates alone
(DCO) or incidental findings at autopsy were excluded, while
the cases are included in the ‘No info’ category in tabulations
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of stage distributions. The proportions were rather low,
below 1% for most, but highest for kidney and lung cancer,
in Norway respectively 3.3 and 2.9%.

Results

We identified a total of 140,201 patients for the five cancer
sites in the four Nordic countries (Table 1). Across cancer site
and country, the number of cases with available TNM stage
information increased from the strict approach (A1), over the
assumption of using MO for MX (A2), to the assumption of
NOMO for records of NXMX (A3). For colon, rectum, and lung
cancer, Norway displayed lower proportions of cases with
available TNM stage under the strict approach (A1) than the
other countries. Norway had less than 50% cases with avail-
able TNM stage for colon and rectum and 67% for lung can-
cer, and we observed the largest increases in proportions
proceeding from approach A1 to A2 for the three cancers
(+40.9 pp, +27.5 pp, and +9.6 pp, respectively). In Denmark,
substantial increases in the proportion of cases with available
TNM stage were observed proceeding from A2 to A3 and
applying NO for NX on top of the A2 assumption (MO for
MX) in records of the colon (+5.1 pp), rectum (+9.9 pp) and
kidney cancer (+9.4 pp).

Assuming NO and MO for missing N and M increased the
availability of TNM stage to more than 75% in Norway
(except for kidney cancer) and to 80%, 90%, and 90% or
more, respectively, in Denmark, Iceland, and Sweden
(Table 1).

For breast cancer, the proportion of cases with available
TNM stage increased the most (+12.1 pp) in Iceland when
applying the criteria for approach A3, but all four countries
exhibited a high proportion (89% or more) of cases with
available TNM stage under A3. For kidney cancer, the
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available proportions increased with +11.4 pp to 89% in
Denmark and with +7.6 pp to 96% in Sweden, while Norway
displayed an increase of +6.8 pp, although with less than
50% cases with available TNM under A3. For all five cancer
sites, Sweden had nearly 85% cases with available TNM stage
under A1 and 90% or more under A3.

The numbers of relocated cases with now available TNM
stage proceeding from approach A1 to A3 were highest for
Norway for colon, rectum, and lung cancer, while for breast
and kidney cancer, we observed the highest numbers for
Denmark. These cases were relocated to TNM stages 0-l, I,
and Ill and for kidney cancer supplemented with a few cases
relocated to TNM stage IV. The distributions of the TNM
stage categories varied between countries, but only with
minor variations for kidney cancer.

Table 2 shows the distribution of cases by type of missing
or available TNM stage, and the distribution by TNM stage
categories for those with available TNM stage, for both the
strict approach (A1) and under the assumption of NOMO for
NXMX (A3). The proportion of cases with no TNM informa-
tion (‘No info’) differed between countries and was highest
for Norway, except for breast cancer in Denmark. The pro-
portion of cases with partial information (‘Partly info’)
decreased substantially proceeding from A1 to A3. Under A3,
the remaining cases were mainly those with invalid or miss-
ing T and was lower than 3% in the five countries, except for
colon and rectum cancer in Denmark and rectum in Iceland
exhibiting proportions of 5-7%. Norway displayed the largest
gains in cases with available TNM stage proceeding from
approach A1 to A3 for colon, rectum, and lung cancer.
Under approach 3, the proportions of cases in stage IV were
lower in Norway than in the other countries, except for
breast cancer.

Supplementary Table 2 shows the availability of ¢cTNM

Table 1. Number of cases, available TNM stage information under three approaches (A1, A2, A3) and increase from previous approach, and percentage distribu-
tion by TNM stage of the relocated cases from A1 to A3 by cancer site and country for the period 2014-2016.

Available percentage TNM-stage

Relocated cases and their TNM-stage %

Cases Al A2 (dif A2-A1) A3(dif A3-A2) Number 0-1 Il I} v

Colon

Denmark 11032 69.6 75.4 (5.8) 80.5 (5.1) 1203 35 42 24 0

Norway 8778 1.7 82.6 (40.9) 85.1 (2.5) 3810 22 41 37 0

Sweden 12719 89.3 89.9 (0.4) 92.9 (3.0) 467 64 26 10 0

Iceland 378 80.7 86.2 (5.5) 89.4 (3.2) 33 58 15 27 0
Rectum

Denmark 5156 65.3 69.5 (4.2) 79.4 (9.9) 724 40 41 19 0

Norway 4066 437 71.2 (27.5) 75.1 (3.9) 1277 34 34 32 0

Sweden 6228 84.7 85.5 (0.8) 90.0 (4.5) 332 78 15 6 0

Iceland 147 789 823 (3.4) 88.4 (6.1) 14 64 14 21 0
Lung

Denmark 14106 93.5 95.1 (1.6) 95.7 (0.6) 319 22 17 61 0

Norway 9199 67.4 77.0 (9.6) 78.0 (1.0) 974 47 20 34 0

Sweden 12088 95.9 96.1 (0.2) 96.4 (0.3) 64 41 34 25 0
Breast

Denmark 14292 78.8 84.0 (5.2) 89.0 (5.0) 1457 32 46 22 0

Norway 10174 94.6 96.3 (1.7) 97.6 (1.3) 299 4 85 1 0

Sweden 22058 95.3 95.4 (0.1) 96.0 (0.6) 164 38 51 1 0

Iceland 648 83.0 83.8 (0.8) 95.1(11.3) 78 54 38 8 0
Kidney

Denmark 2845 774 79.4 (2.0) 88.8 (9.4) 325 62 15 20 2

Norway 2574 425 43.8 (1.3) 493 (5.5) 174 64 14 20 2

Sweden 3713 88.8 89.2 (0.4) 96.4 (7.2) 280 69 12 18 1

A1: Maximum T, N and M from ¢cTNM and pTNM and valid T, N and M; A2: Assuming MO for MX; A3: Assuming NOMO for NXMX.
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Table 2. TNM-stage information in percent in approach A1 and A3 and per-
centage point change for years 2014-2016 by cancer site and four Nordic
countries.

Denmark Norway Sweden Iceland
Colon AT A3 App A1 A3 App A1 A3 App Al A3 App
No info 123 123 13.5 135 57 57 71 71
Partly 181 7.2 448 1.4 50 14 122 34
TNM-inf 69.6 80.5 10.9 41.7 85.1 434 893 929 3.6 807 894 87
0-I 191 212 21 11.8 17.0 52 150 17.0 2.0 16.1 20.1 40

Il 296 31.2 1.6 281 347 6.6 319 31,6 —03 259 249 —1.0
1l 256 254 —0.2 26.6 319 53 31.8 31.0 —0.8 26.2 263 0.1

\% 25.7 222 —3.5 335 164 —17.1 213 204 —09 31.8 287 —3.1
Rectum A1 A3 App Al A3 App Al A3 App Al A3 App
No info 14.0 14.0 234 234 82 82 6.1 6.1
Partly 207 6.6 329 15 71 18 150 54
TNM-inf 65.3 79.4 14.1 43.7 751 31.4 847 90.0 53 789 884 95

0-1 250 277 27 188 25.1 6.3 269 299 3.0 155 208 53
Il 21.7 251 34 235 279 44 221 217 —04 164 162 —0.2
1l 315 29.2 —-23 323 322 314 299 —1.5 509 47.7 -32

\% 219 180 —39 254 148 —106 196 185 —1.1 172 154 —1.8
Lung A1 A3 App A1 A3 App A1 A3 App
No info 33 33 18.8 18.8 34 34
Partly 32 1.0 13.8 32 07 02
TNM-inf 935 95.7 2.2 67.5 780 105 959 964 0.5

0-1 175 176 0.1 19.7 233 3.6 192 193 0.1

Il 88 90 0.2 84 100 16 72 74 02

1] 217 226 09 17.7 198 2.1 199 200 0.1

\% 520 508 —1.2 542 469 —7.3 53.6 533 —03
Breast A1 A3 App Al A3 App Al A3 App Al A3 App
No info 93 93 24 24 36 36 39 39
Partly 119 17 3.0 0 1.1 04 131 1.1
TNM-inf 78.8 89.0 10.2 94.6 97.6 3.0 953 96.0 0.7 83.0 95.1 12.1
0-1 51.8 495 —23 404 393 —1.1 554 553 —0.1 353 377 24
Il 374 383 09 428 440 1.2 375 376 0.1 41.1 40.7 —04
1] 70 88 1.8 13.1 13.0 —-01 42 43 0.1 165 154 —1.1
\% 38 33 -05 38 37 —-01 28 28 00 71 62 —09
Kidney A1 A3 App A1 A3 App Al A3 App
No info 10.2 10.2 50.2 50.2 28 28
Partly 124 1.0 73 05 84 08
TNM-inf 77.4 888 11.4 425 493 6.8 888 964 7.6
0-I 520 533 1.3 65.7 655 —02 555 565 1.0

Il 81 90 09 109 113 04 99 101 0.2
ln 168 173 0.5 106 11.8 12 16.0 162 0.2
v 23.1 204 —2.7 129 113 —16 186 17.2 —14

No info: No TNM information; Partly: Incomplete TNM information; App:
change in percentage point in available TNM stage information from approach
AT to A3; AT: Maximum T, N and M from ¢TNM and pTNM and valid T, N and
M; A3: Assuming NOMO for NXMX. Proportions of TNM stages 0-I, I, lll and IV
sum to 100%, discrepancies are due to rounding.

and pTNM in Norway and Iceland. For most colon cancer
cases, pTNM was registered, and 33% of Norwegian cases
and 10% of the Icelandic had records of both pTNM and
CTNM. For rectum cancer, information on pTNM was also fre-
quent and 27% in Norway and 56% in Iceland had both
pPpTNM and cTNM. In Norway, 34% of lung cancer cases had
both records with cTNM as the more frequent. Both records
were available for 79% of breast cancer cases in Norway,
while for breast cancer in Iceland, cTNM was the most com-
mon and only 8% of cases had records of both.

In a sensitivity analysis, we compared TNM stage distribu-
tions between approach A3-path (preference of pTNM above
cTNM) and the primary approach A3 (maximum of T, N, and
M from ¢TNM and pTNM) for Norway and Iceland
(Supplementary Table 3). Our approach (A3) exhibited higher
TNM stages than the sensitivity approach (A3-path). The larg-
est differences in stage distribution were seen for rectum
cancer in Iceland and breast cancer in Norway.

Table 3 shows age-standardised one-year relative survival
estimates with 95% Cl by country and cancer site for (i) all
cases, (ii) for the group of cases with missing TNM stage, and
(iii) according to TNM stage under approach A3 (assuming
NOMO for NXMX). Generally, survival decreased with higher
stage while survival estimates for ‘Missing’ fell in the range
between the survival estimates for stage Ill and IV. For each
TNM stage level, the survival estimates were similar between
countries, although slightly lower in Iceland for colon and
rectal cancer and in Sweden for colon, rectum, and breast
cancer, especially for stage IV.

Table 3 also displays changes in survival percentages for
approach A3 compared with those under the strict TNM-rules
(A1) for each stage level (missing, O-I, II, lll, IV). Figure 1
shows the survival estimates with 95%Cl for both approach
A1 and A3 for colon cancer. We observed the largest
changes in survival for the ‘Missing’ category. Under A3, sur-
vival estimates for the missing category were closer to stage
IV survival than under A1. Overall, proceeding from A1 to A3,
the stage-specific survival decreased slightly for stages 0-I, II,
and lll, with the largest decrease occurring for stage lll. The
largest differences were seen for stage Ill colon and lung
cancer in Norway and for stage lll breast cancer and stage I
rectum cancer in Denmark.

Discussion

For the five selected cancer sites (colon, rectum, lung, breast,
and kidney) in patients diagnosed 2014-2016 in Denmark,
Norway, Sweden, and Iceland, we found only minor
decreases in TNM stage-specific one-year relative survival
when assuming NOMO for NXMX in cases with known T.
After the relocation of most cases with partly TNM informa-
tion by implementing assumptions, the remaining group
with missing TNM stage had substantially decreased survival.
This might indicate that many of the relocated cases would
have been registered with NOMO if clinicians had reported
complete TNM and that the remaining cases with missing
TNM stage (mostly cases with no TNM information at all)
would hold a majority of cases with distant spread and no
treatment.

The Swedish data exhibited the smallest change in TNM
stage availability due to the high proportion of cases with
complete records of TNM, whereas we observed larger differ-
ences in the availability of TNM in Norway after applying the
assumptions (A3) due to the initial low proportion of com-
plete reports. The between-country variation in distributions
of TNM stages for the relocated cases likely indicates that
the reasons for incomplete and missing TNM registration dif-
fer between countries.

Before applying the assumption of MONO for MXNX for a
specific cancer site, additional information on the country-
specific use of MX and NX should be retrieved, and tabula-
tions as presented herein could further qualify the decision
on which assumptions to apply. For instance, in Denmark,
the proportion of cases with known TNM stage for lung can-
cer increased from 85% to 96% when applying the A3
approach. The clinical database for lung cancer in Denmark,
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Table 3. One-year relative survival (95%Cl) by TNM stage under assumption A3 and percentage point change (App) in survival between A3 and A1 for the five

selected cancer sites diagnosed 2014-2016 in four Nordic countries.

Colon Denmark Norway Sweden Iceland

1-year survival App 1-year survival App 1-year survival App 1-year survival App
All 86.1 (85.3-86.8) . 85.3 (84.4-86.1) . 84.2 (83.5-84.9) . 80.4 (75.9-84.2) .
Missing 83.2 (81.4-84.9) —2.7 61.3 (58.2-64.3) —24.6 51.6 (47.8-55.3) —13.6 55.0 (27.4-75.9) —22.1
01 97.7 (96.3-98.6) -0.7 99.0 (97.4-99.6) —0.4 98.9 (97.9-99.4) —-0.2 99.7 (0.0-100.0) 0.2
I 96.3 (95.4-97.1) -13 96.7 (95.8-97.5) —0.6 96.8 (96.0-97.4) —-0.7 96.7 (89.3-99.0) —-04
Il 92.1 (90.8-93.2) -1.0 90.6 (89.3-91.9) —5.0 91.6 (90.5-92.5) —0.2 90.4 (80.7-95.4) —0.8
v 57.8 (55.5-60.0) 0.0 59.8 (56.9-62.5) 0.0 54.8 (52.7-56.9) 0.0 52.3 (41.5-62.0) 0.0
Rectum Denmark Norway Sweden Iceland

1-year survival App 1-year survival App 1-year survival App 1-year survival App
All 89.2 (88.2-90.1) . 89.7 (88.6-90.7) . 87.7 (86.8-88.6) . 83.1 (75.0-88.8) .
Missing 86.4 (84.0-88.5) —23 78.8 (76.0-81.3) —10.3 66.8 (62.4-70.8) —10.1 63.0 (12.8-90.1) —6.1
0-1 96.8 (95.0-98.0) —0.6 99.9 (0.0-100.0) —-03 98.8 (97.6-99.4) 0.3 94.8 (64.0-99.4) —8.8
I 94.4 (92.5-95.8) —2.6 96.5 (94.6-97.8) 0.6 96.7 (95.2-97.7) —0.8 96.1 (79.8-99.3) 1.4
1] 95.1 (93.4-96.4) —-0.2 95.2 (93.3-96.5) -1.0 93.0 (91.5-94.3) —-0.2 88.8 (74.0-95.4) -29
v 65.5 (61.8-69.0) 0.0 70.6 (65.8-74.8) 0.0 62.4 (59.3-65.4) 0.0 53.6 (26.3-74.7) 0.0
Lung Denmark Norway Sweden

1-year survival App 1-year survival App 1-year survival App

All 50.7 (49.8-51.7) . 50.6 (49.4-51.8) . 52.6 (51.6-53.6) .
Missing 45.3 (40.0-50.4) 23 38.5 (35.9-41.1) —14.1 42.7 (36.3-48.9) —36
01 91.1 (89.8-92.3) —-0.5 92.5 (90.8-93.9) 0.8 94.2 (93.0-95.2) —-0.2
I 81.0 (78.7-83.1) —-1.6 84.1 (81.2-86.5) —-1.1 80.5 (77.3-83.2) —-0.7
1] 60.3 (58.3-62.2) -21 60.3 (57.4-63.1) -3.1 60.7 (58.2-63.0) 0.0
1\ 27.9 (26.7-29.1) 0.0 25.5 (23.9-27.1) 0.0 31.3 (29.9-32.6) 0.0
Breast Denmark Norway Sweden Iceland

1-year survival App 1-year survival App 1-year survival App 1-year survival App
All 97.0 (96.5-97.4) . 97.6 (97.0-98.0) . 97.8 (97.5-98.1) . 96.0 (93.2-97.6) .
Missing 92.8 (91.1-94.2) —0.2 73.4 (63.4-81.1) —-11.8 92.3 (89.6-94.3) 1.2 74.3 (48.6-88.5) —13.9
0-I 99.9 (93.2-100.0) —0.6 100.8 (100.8-100.8) —0.2 100.3 (100.3-100.3) —0.1 100.9 (100.9-100.9) -1.0
Il 99.0 (98.3-99.5) —-0.8 99.1 (98.2-99.5) -03 98.7 (98.2-99.1) —0.2 99.0 (87.9-99.9) —-23
Il 93.5 (91.5-95.1) -3.2 96.3 (94.3-97.5) —0.0 92.3 (90.0-94.1) —0.2 95.3 (78.6-99.1) —0.1
v 68.4 (63.5-72.7) 0.0 72.9 (67.6-77.6) 0.0 65.4 (61.3-69.3) 0.0 69.2 (52.3-81.2) 0.0
Kidney Denmark Norway Sweden

1-year survival App 1-year survival App 1-year survival App

All 84.8 (83.2-86.2) . 87.4 (85.8-88.8) . 90.6 (89.5-91.6) .
Missing 75.7 (70.2-80.4) —6.5 83.6 (81.2-85.7) —0.8 72.1 (58.8-81.8) —20.4
0-1 97.4 (95.6-98.4) —-0.7 99.6 (86.7-100.0) —-0.0 100.0 (0.0-100.0) —-0.0
I 92.4 (86.8-95.7) -13 97.3 (90.0-99.3) -13 96.9 (93.4-98.6) —0.1
1] 92.5 (88.9-95.0) -21 88.8 (81.9-93.1 —2.6 95.5 (93.0-97.1) 0.3
v 48.4 (43.8-52.8) —0.1 —0.8 55.8 (51.3-60.0) 0.2

)
52.1 (43.4-60.1)
t

App percentage point change in relative survival from strict TNM-rules (A1) to application of NOMO for NXMX (A3).

The Danish Lung Cancer Group database operates with the
concordance between cTNM and pTNM as one of the quality
criteria [12]. Another initiative in Denmark influencing TNM
availability is the national screening program for colon and
rectum cancer implemented in 2014-2017 [13]. Our results
showed that the proportions of colon and rectum cases with
available TNM stage were about 10 pp lower in Denmark
than in Sweden after assuming NOMO for NXMX. The
decrease in survival for the remaining missing/incomplete
group was rather small, less than 3 pp, compared to the
other countries which displayed survival decreases of 17-25
pp for colon and 6-10 pp for rectum for the group with
missing TNM stage. It appeared that more than 5% of all
colon and rectum cases in Denmark were registered with
TNM records of TXNXMO, i.e., not distant metastases, and
thus hindering relocation to a specific TNM stage (0-1, Il or
Ill) when applying assumptions. This pattern likely coincided
with the initiation of the screening program.

The distribution of TNM stage for breast cancer in
Sweden differed slightly from the other countries, with a

higher proportion of cases in stages 0-Il. Stage 0 was regis-
tered in more than 4% of the cases in contrast to very few
in the other countries (not shown in tables), and the percent-
age with stage IV in Sweden was slightly lower than in the
other countries. Concomitantly, the overall survival was
slightly higher in Sweden, and the stage-specific survival esti-
mates were slightly lower. This may indicate a systematic
‘lower stage-assessment’ and thus stage-migration in Sweden
for breast cancer compared with the other countries. The
stage-migration in Sweden was likely due to a high propor-
tion of the reported TNM being based on clinical examin-
ation of non-palpable tumors where tumor size was coded
as TO [14].

For colon, rectum, and lung cancer in Norway, the lower
proportion of cases with stage IV and the higher proportion
with no TNM information might be due to the reporting
from the Norwegian clinical/quality databases [8], which pri-
marily is aimed at including patients eligible for surgery, and,
further, because TNM registration is not mandatory in
Norway.
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Colon cancer 1 year relative survival by stage
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Figure 1. Age-standardised one-year relative survival by TNM stage for colon cancer 2014-2016 according to approach 1 and 3 in Denmark, Norway, Sweden, and

Iceland.

Our evaluation of the implications of various assumptions
of the individual TNM components on the final TNM stage
was prompted by the observation that the proportion of
cases with available TNM stage for colon and rectum cancer
in Denmark was higher in the SurvMark2 studies than we
observed in Denmark when applying the strict approach (A1)
[3]. We found that the proportions of cases with missing
TNM stage in SurvMark2 for Denmark were comparable to
the A3 approach applied for Danish data 2010-2014 (com-
parison not shown). The SurvMark2 algorithm for converting
T, N, and M to TNM stage was derived from a predecessor
project to SurvMark2, i.e., ICBP1 [15], differing slightly from
the 7th edition of the TNM manual. A report from ICBP1
summarized the experience from comparisons of TNM infor-
mation for colorectal, lung, breast, and ovarian cancer in six
countries during 2000-2007 [16]. According to this report,
the ICBP1 study used a ‘restrictive’ approach for handling
TNM data before conversion to a ‘SEER2000’ approach with
three categories, i.e., localized, regional, and distant stage.
This ‘restrictive’ approach was comparable to our strict
approach, Al. The SurvMark2 studies included cases for
which NXMX was interpreted as NOMO and thus used as a
valid TNM registration, however, the authors did not discuss
the change in the stage distribution and the interpretation
hereof [3-5].

In addition to the TNM conversion, SurvMark2 also used
multiple imputation to estimate the TNM stage for remaining
cases with missing TNM. In our study, we found that the

distribution of TNM stage under the A3 approach tended to
include more cases from the lower TNM stage categories
and the TNM stage-specific survival also tended to decline,
as illustrated in Figure 1 for colon cancer. A similar pattern
may also appear after imputation and might compromise
comparisons of TNM stage distribution and stage-specific
survival between countries.

Strength of the study

The study was based on large national cohorts from four
nationwide cancer registries. The Nordic cancer registries
have a long history of collaboration since the 1950s and the
registry data have contributed to numerous projects aiming
to coordinate and describe cancer trends and to develop
new tools for improved statistics to support cancer surveil-
lance. The NORDCAN database represents a key data source
for such initiatives. The ambition behind our study was to
facilitate that TNM as recorded in the cancer registries
becomes a key statistic in future surveillance studies as well
as empirical epidemiological and clinical studies. Registration
of TNM has been mandatory in Denmark and Sweden from
2004 while TNM registrations in the Norwegian Cancer
Registry rely on voluntary information in notifications to the
cancer registry supplemented by registrations in newly
established clinical registries. Although TNM-stage is based
on manuals with a precise description of how to code each
of the TNM components, as well as how to combine the



components to a final TNM stage (1), the reporting and
registration of TNM is still not satisfactory. Considering that
TNM is a key predictor of cancer prognosis, clinicians should
be urged to improve the reporting of TNM information to
the cancer registries.

Study limitations

We only studied one-year relative survival although further
effects on survival might occur later, e.g., five or ten years
after diagnosis. The sensitivity analysis comparing TNM stage
distributions between approach A3-path (preference of
PTNM above cTNM) to our approach A3 (maximum of T, N,
and M from cTNM and pTNM) revealed the largest change
for rectum cancer in Iceland where the A3-path approach
might have been more appropriate and resulted in a more
comparable stage distribution to the other countries. We
chose the approach with the highest T, N, and M from cTNM
and pTNM a priori according to the approach used in the
Danish Cancer Registry. For the strict approach (A1) this
yielded more comparable TNM stage distributions between
countries.

Conclusion

We found no major changes in stage-specific one-year rela-
tive survival applying NOMO for NXMX, especially for high
TNM-completeness. Thus, it seems reasonable to consider
the implementation of this algorithm in future studies based
on the Nordic cancer registries, but default use of the algo-
rithm is not recommended for a specific site without gather-
ing information on any specific reasons for frequent use of
NX and MX in a given country or region while still acknowl-
edging that differences might be found for longer follow-up.
However, complete information is preferable to making
assumptions and therefore we recommend that clinicians
should be urged to report complete TNM information to the
cancer registries to improve surveillance of stage information,
in particular since the TNM stage is a crucial indicator for
survival.
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