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Supplementary Methods

As the proportion of patients with missing stage was high and changed over time (Table S3),
multivariate imputation by chained equation (MICE) was conducted separately on the German and
the US dataset.! Using 10 iterations, 15 imputed datasets were created using the MICE package in R.!
The imputation model included the factors age, sequence number of the BC, year of diagnosis, ICD-
10 code, stage, grade, vital status, the Nelson-Estimator as estimate for follow-up time? and, in
Germany, region. Model convergence was checked graphically and stage distributions and survival
estimates were compared before and after imputation (Table S3 & S4). The imputed datasets were
used in all analyses that included stage information.

Table S1. Overview of included cancer registries.

Undeiriy::igll[i);)npsualatlon Years of diagnosis Case number b ;/(())]3452);:
Bavariac 6.59 2003-14 59,722 45
Brandenburg 2.46 1998-2015 31,370 2.5
Bremen 0.66 1998-2014 9,483 37
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Hamburg 1.76 1998-2015 26,076 3.6

Lower Saxony 7.83 2003-15 88,025 7.6
Mecklenburg-Vorpommern 1.60 1998-2015 20,509 2.6
North Rhine-Westphaliad 2.61 1998-2015 37,089 6.7
Rhineland-Palatinate 4.01 1998-2015 55,099 7.8
Saarland 0.99 1974-2015 29,127 1.6

Saxony 4.06 1998-2015 55,158 22
Saxony-Anhalt 2.24 1998-2015 28,770 5.4
Schleswig-Holstein 2.83 1999-2015 43732 8.7
Thiiringen 2.16 1998-2015 28,374 3.4

Total Germany 39.8 1974-2015 512,534 5.2
United States / SEER-9¢ 29.0 1975-2015 671,095 0.6

20f8

DCO=Death certificate only or autopsy only cases @ Underlying population in 2014 in Germany and 2010 in the
United States® Case number for all included years of diagnosis after exclusion of death certificate only cases®
Included regions: Schwaben: Aichbach Friedberg, Augsburg city, Augsburg district; Oberfranken: Bayreuth city,
Bayreuth district, Forchheim; Mittelfranken: Erlangen Hochstadt, Erlangen, Niirnberg, Fiirth; Oberpfalz: all
districts; Oberbayern: all districts except Berechtsgardener Land, Miithldorf am Inn, Landberg am Lech, Eichstadt,
Ingolstadt, Pfaffenhofen a.d. Ilm; Niederbayern: Landshut city, Landshut districtd Included regions:
administrative region (Regierungsbezirk) Miinstere Included regions in SEER-9: Atlanta, Connecticut, Detroit,

Hawaii, Iowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, and Utah. —

Table S2. Classification of morphology groups.

Morphology group Included ICD-0-3 morphology
Invasive carcinoma of no special type 8500
Pleomorphic carcinoma 8522
Invasive lobular carcinoma 8520
Tubular carcinoma 8211
Mucinous carcinoma 8480
Medullary carcinoma 8510
Invasive micropapillary carcinoma 8507

Metaplastic carcinoma of no special type 8575, 8570, 8572, 8070, 8032, 8571, 8575, 8982

Invasive papillary carcinoma 8503

Other / not specified All other morphology codes
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Table S3. Stage distribution before and after imputation in Germany and the United States for 1998-2000 to 2013-15.

Difference 2

Factors Period in % units
Country Imputation Stage b 1998-2000 2001-03 2004-06 2007-09 2010-12 2013-15
Germany Before I 34.0% 36.0% 36.1% 39.3% 40.4% 40.4% +6.4
1II 46.6% 43.1% 39.2% 38.3% 38.1% 38.7% 7.9
I 10.9% 12.9% 17.0% 15.0% 13.9% 13.2% +2.3
v 8.5% 8.0% 7.8% 7.4% 7.5% 7.7% -0.8
Unknownd 30.4% 26.5% 26.0% 19.2% 16.4% 18.0% -12.4
Afterc 1 32.6% 34.6% 34.9% 38% 39.1% 39.3% +6.7
1I 45.3% 42.3% 39.3% 38.5% 38.6% 39.4% -5.9
I 11.5% 13.6% 16.9% 15.4% 14.4% 13.7% +2.2
v 10.5% 9.5% 8.9% 8.1% 7.8% 7.6% -29
United States Before I 50.8% 50.0% 49.9% 49.9% 49.9% 50.3% -0.5
1I 32.0% 32.8% 33.1% 33.2% 33.7% 34.3% +2.3
111 12.9% 12.7% 12.2% 11.7% 11.0% 10.1% -2.8
v 4.4% 4.5% 4.8% 5.2% 5.4% 5.3% -0.9
Unknownd 9.2% 7.2% 5.3% 5.0% 3.6% 3.1% 6.1
After 1 49.9% 49.5% 49.4% 49.5% 49.6% 50.1% +0.2
1T 32.3% 33.0% 33.2% 33.3% 33.8% 34.4% +2.1
111 13.8% 13.5% 12.8% 12.2% 11.3% 10.4% -34
v 4.0% 4.1% 4.6% 5.0% 5.3% 5.1% +1.1

a Difference between distributions in 2013-15 and 1998-2000 ® In Germany and the United States, 872 and 575 patients, respectively, with stage 0 were excluded ¢ Shown are the proportions

over all imputation datasets ¢ Proportion of patients with missing stage information among all patients.
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Table S4. Five-year age—standardized stage—specific survival (standard error) before and after imputation in Germany and the United States for 2002-04 to 2011-13.

Factor Year of diagnosis Difference 2
Country Imputation Group 2004-06 2007-09 2010-12 2013-15
Germany Before Stage I 101.0 (0.4) 101.8 (0.3) 102.1 (0.3) 101.9 (0.3) +0.9
Stage II 93.0 (0.4) 94.6 (0.3) 94.3 (0.3) 94.7 (0.3) +1.7
Stage III 72.3(0.8) 74.8 (0.6) 75.2 (0.5) 76.2 (0.5) +3.9
Stage IV 30.8 (0. 8) 30.8 (0. 7) 30.1 (0.6) 30.5 (0.6) -0.3
Unknown 76.8 (0.4 76.2 (0.4 75.7 (0.4) 78.6 (0.4) +1.8
After Stage I 99.6 (0.4) 100.3 (0.3) 100.7 (0.3) 100.9 (0.3) +1.3
Stage II 89.9 (0.3) 91.1(0.3) 91.4(0.3) 92.2 (0.3) +2.3
Stage III 69.0 (0.7) 71.1 (0.6) 71.3 (0.5) 72.6 (0.5) +3.6
Stage IV 31.3(0.8) 30.5(0.7) 29.7 (0.6) 30.9 (0.6) -0.4
United States Before Stage [ 100.2 (0.3) 101.2 (0.3) 101.7 (0.3) 101.8 (0.3) +1.6
Stage II 90.1 (0.4) 90.7 (0.4) 92.1(0.4) 92.0 (0.4) +1.9
Stage III 66.6 (0.8) 69.6 (0.8) 70.4 (0.8) 70.8 (0.8) +4.2
Stage IV 21.6 (0.9) 22.3(0.9) 23.5(0.9) 24.6 (0.8) +3.0
Unknown 74.3 (0.9) 70.4 (1.1) 69.6 (1.1) 67.0 (1.2) -7.3
After Stage I 99.6 (0.3) 100.4 (0.3) 100.9 (0.3) 101.1 (0.3) +1.5
Stage II 88.5(0.4) 89.0 (0.4) 90.4 (0.4) 90.7 (0.4) +2.2
Stage III 63.1(0.9) 66.2 (0.9) 67.9 (0.8) 68.6 (0.8) +5.5
Stage IV 24.6 (1.2) 23.8 (1.1) 24.0 (1.0) 24.4 (0.8) -0.2

2 Difference between 5-year relative survival in 2002-04 and 2013-15.
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Table S5. Patient and tumor characteristics of patients with a first invasive breast cancer diagnosed

in Germany and the United States in 1974-2015.

Factor Germany ? United States
N (%)P N (%)P<
N 512,534 671,095
Excluded DCO cases 33,102 (6.1) 4,847 (0.7)
Age at diagnosis
15-29 2,152 (0.4) 3,990 (0.6)
30-39 19,125 (3.7) 35,226 (5.2)
40-44 28,811 (5.6) 44,856 (6.7)
45-49 45,847 (8.9) 64,887 (9.7)
50-54 54,665 (10.7) 72,650 (10.8)
55-59 56,672 (11.1) 76,563 (11.4)
60-64 66,780 (13.0) 80,830 (12.0)
65-69 70,606 (13.8) 79,703 (11.9)
70-74 57,418 (11.2) 71,119 (10.6)
75-79 50,162 (9.8) 61,005 (9.1)
80+ 60,296 (11.8) 80,266 (12.0)
Mean (standard deviation) 62.8 (13.6) 61.7 (14.3)
Morphology
Invasive carcinoma of no special type 360,949 (70.4) 473,295 (70.5)
Pleomorphic carcinoma 16,875 (3.3) 33,940 (5.1)
Invasive lobular carcinoma 65,384 (12.8) 53,896 (8.0)
Tubular carcinoma 6,522 (1.3) 7,071 (1.1)
Mucinous carcinoma 9,235 (1.8) 14,578 (2.2)
Medullary carcinoma 3,674 (0.7) 6,969 (1.0)
Invasive micropapillary carcinoma 392 (0.1) 924 (0.1)
Metaplastic carcinoma of no special type 1,346 (0.3) 1,598 (0.2)
Invasive papillary carcinoma 2,145 (0.4) 1,771 (0.3)
Other / not specified 46,012 (9.0) 77,053 (11.5)
Grade
Well differentiated (I) NAd 96,705 (14.4)
Moderately differentiated (II) NAd 199,789 (29.8)
Poorly differentiated (III) NAd 180,398 (26.9)
Unknown NAd 194,203 (28.9)
Tumor site (ICD-10 code C50.X)
Nipple and areola (0) 7,167 (1.4) 5,945 (0.9)
Central portion (1) 23,098 (4.5) 37,347 (5.6)
Upper—inner quadrant (2) 48,766 (9.5) 65,364 (9.7)
Lower—inner quadrant (3) 24,838 (4.8) 33,585 (5.0)
Upper—outer quadrant (4) 167,487 (32.7) 224,881 (33.5)
Lower—outer quadrant (5) 34,673 (6.8) 44,611 (6.6)
Axillary tail (6) 971 (0.2) 5,118 (0.8)
Overlapping sites (8) 54,527 (10.6) 138,831 (20.7)
Unspecified site (9) 151,007 (29.5) 115,413 (17.2)

Stage according to UICC/AJCC
(1998-2015)¢
I
II
111
1\

184,229 (37.0)

199,018 (40.0)
72,508 (14.6)
42,364 (8.5)

181,151 (49.7)

121,719 (33.4)
44,665 (12.2)
17,112 (4.7)

DCO=death certificate or autopsy only case; ICD=International Classification for Disease @ For
period of diagnosis 1974-1997, data was restricted to Saarland. ® Percentage of the number of patients
in each category in relation to the total number of patients in this country. Due to rounding, the
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numbers might not add up to 100%. For age, the mean and standard deviation are shown in the line
“mean (standard deviation)”. < Data from the United States was only available starting in 1975. ¢Grade
is not shown as the proportion of patients with missing information was too high in earlier years and
decreased strongly over time (from >90% in 1974-85 to < 10% in 2002-15). ¢ Patients with stage 0 were
excluded (N=872 (0.2%) (Germany) and N=603 (0.2%) (United States)).
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Table Sé6. Five-year age—standardized and age—specific survival (standard error) in Germany and the United States in 1979-83 to 2013-15.

Factor Year of diagnosis Difference: 2013-15 to

Country Age group 1979-83b 1984-88° 1989-93 b 1994-98 b 1999-03 b 2004-06 2007-09 2010-12 2013-15 1979-83 2004-06
Germany Allr 69.9(1.6)  712(14) 748(12)  759(1.1)  822(03) 839(02) 848(02)  856(0.2)  87.0(02) +17.1 +3.1
50-69 675(15)  699(15)  747(13) 775(11)  848(03) 87.2(02)  88.6(02)  90.8(0.2)  91.9(0.1) +24.4 +4.7
70+ 679(29) 71025  73.7(24) 744(19)  787(06)  793(05)  79.6(04)  793(04)  81.1(0.3) +13.2 +1.8
United States Al 719(0.3)  752(03)  81.3(02)  838(02)  869(02)  884(02)  892(02)  90.0(0.2)  90.4(02) +185 +2.0
60-69 732(0.3)  763(03)  822(02)  852(02)  88.6(02)  89.3(0.2)  902(02)  90.7(0.2)  91.2(0.2) +18.0 +1.9
70+ 69.5(0.6)  73.6(05)  80.6(04)  827(04)  851(04) 873(05)  87.8(05)  89.2(05)  89.6(0.5) +20.1 +2.3

2 Age-standardized ® Estimates for Saarlan
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Table S7. Five—year stage-specific survival and five—year age-standardized and age—specific survival (standard error) after standardization by stage in Germany and the
United States in 2004-04 to 2013-15.

Factor Year of diagnosis Difference?
Country Group Standardization 2004-06 2007-09 2010-12 2013-15
Germany Stage I Age 99.6 (0.4) 100.3 (0.3) 100.7 (0.3) 100.9 (0.3) +1.3
Stage II Age 89.9 (0.3) 91.1 (0.3) 91.4(0.3) 92.2(0.3) +2.3
Stage III Age 69.0 (0.7) 71.1 (0.6) 71.3 (0.5) 72.6 (0.5) +3.6
Stage IV Age 31.3 (0.8) 30.5 (0.7) 29.7 (0.6) 30.9 (0.6) -0.4
All Age & Stage 89.6 (0.2) 90.5 (0.2) 90.8 (0.2) 91.4(0.2) +1.8
50-69 Stage 90.0 (0.2) 91.0 (0.1) 92.1(0.1) 92.4 (0.1) +2.4
70+ Stage 88.9 (0.4) 89.6 (0.4) 89.1 (0.3) 89.9 (0.3) +1.0
United States Stage I Age 99.6 (0.3) 100.4 (0.3) 100.9 (0.3) 101.1 (0.3) +1.5
Stage I Age 88.5 (0.4) 89.0 (0.4) 90.4 (0.4) 90.7 (0.4) +2.2
Stage III Age 63.1 (0.9) 66.2 (0.9) 67.9 (0.8) 68.6 (0.8) +5.5
Stage IV Age 24.6 (1.2) 23.8 (1.1) 24.0 (1.0) 24.4 (0.8) -0.2
All Age & Stage 88.1(0.2) 89.0 (0.2) 90.0 (0.2) 90.2 (0.2) +2.1
50-69 Stage 89.1(0.2) 90.1 (0.2) 90.7 (0.2) 91.1 (0.2) +2.0
70+ Stage 86.8 (0.4) 87.3 (0.5) 88.7 (0.4) 88.8 (0.4) +2.0

2 Difference between 5-year relative survival in 2013-15 and 2004-06 in percent units.
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