Trends and disparities in mortality involving secondary malignant neoplasm of the lung in the United States, 1999–2024: a serial cross-sectional multiple-cause-of-death analysis
Appendix A. STROBE checklist for cross-sectional studies

	#
	Item
	Recommendation
	Reported in

	Title and abstract
	
	
	

	1
	Title and abstract
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	Title (“a serial cross-sectional multiple-cause-of-death analysis”)

	
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	Structured abstract (Background, Methods, Results, Conclusions)

	Introduction
	
	
	

	2
	Background/rationale
	Explain the scientific background and rationale for the investigation
	Introduction, paragraphs 1–4

	3
	Objectives
	State specific objectives, including any prespecified hypotheses
	Introduction, final paragraph

	Methods
	
	
	

	4
	Study design
	Present key elements of study design early in the paper
	Methods, Design and data source, first sentence

	5
	Setting
	Describe the setting, locations and relevant dates, including periods of data collection
	Methods, Design and data source (United States, 1999–2024; extracted 21–24 August 2026)

	6
	Participants
	(a) Give the eligibility criteria and the sources and methods of selection of participants
	Methods, Case definition and study population; full query specification in Supplementary Table S1

	7
	Variables
	Clearly define all outcomes, exposures, predictors, potential confounders and effect modifiers; give diagnostic criteria if applicable
	Methods, Case definition and study population (ICD-10 C78.0 recorded as a multiple cause) and Race and Hispanic origin

	8
	Data sources/measurement
	For each variable of interest, give sources of data and details of methods of assessment; describe comparability of assessment methods if there is more than one group
	Methods, Design and data source, Race and Hispanic origin (bridged versus single race; comparability steps) and Rate computation

	9
	Bias
	Describe any efforts to address potential sources of bias
	Methods, Race and Hispanic origin (analysis-population difference between eras), Trend analysis (primary analytic window and the 1999 discontinuity) and Sensitivity analyses; Discussion, How much can be attributed to changing certification?

	10
	Study size
	Explain how the study size was arrived at
	Methods, Design and data source — the database covers the entire resident population; no sampling and no sample-size calculation apply

	11
	Quantitative variables
	Explain how quantitative variables were handled; describe which groupings were chosen and why
	Methods, Case definition and study population (age restricted to 25 years and older in seven ten-year bands) and Rate computation (crude rates for age strata, with rationale)

	12
	Statistical methods
	(a) Describe all statistical methods, including those used to control for confounding
	Methods, Rate computation (direct age standardisation) and Trend analysis

	
	
	(b) Describe any methods used to examine subgroups and interactions
	Methods, Trend analysis; Table 2 (models fitted separately within each stratum; no formal interaction testing)

	
	
	(c) Explain how missing data were addressed
	Methods, Case definition and study population (age and Hispanic origin not stated excluded); Supplementary Table S19 (suppression and reliability audit)

	
	
	(d) If applicable, describe analytical methods taking account of sampling strategy
	Not applicable — complete population enumeration, no sampling

	
	
	(e) Describe any sensitivity analyses
	Methods, Sensitivity analyses (eight prespecified); Supplementary Tables S11–S18

	Results
	
	
	

	13
	Participants
	(a) Report numbers of individuals at each stage of the study
	Results, Overall burden and temporal trend (523,763 deaths); Supplementary Table S2

	
	
	(b) Give reasons for non-participation at each stage
	Not applicable — no participant recruitment; exclusions are definitional and stated in Methods

	
	
	(c) Consider use of a flow diagram
	Not applicable — a single definitional inclusion step; a flow diagram would convey no additional information

	14
	Descriptive data
	(a) Give characteristics of study participants and information on exposures and potential confounders
	Table 1; Supplementary Tables S2–S9

	
	
	(b) Indicate number of participants with missing data for each variable of interest
	Supplementary Table S19; place-of-death suppression footnoted in Supplementary Table S9

	15
	Outcome data
	Report numbers of outcome events or summary measures
	Table 1; Supplementary Table S2

	16
	Main results
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision; make clear which confounders were adjusted for and why
	Table 1 (crude and age-adjusted rates); Table 2 (APC and AAPC with 95% CIs); age adjustment to the 2000 US standard population described in Methods

	
	
	(b) Report category boundaries when continuous variables were categorized
	Methods, Case definition and study population; Table 1 (ten-year age bands)

	
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk
	Not applicable — results are reported as absolute rates throughout

	17
	Other analyses
	Report other analyses done, for example analyses of subgroups and sensitivity analyses
	Results, Sensitivity analyses; Supplementary Tables S11–S18

	Discussion
	
	
	

	18
	Key results
	Summarise key results with reference to study objectives
	Discussion, Principal findings

	19
	Limitations
	Discuss limitations, taking into account sources of potential bias or imprecision; discuss both direction and magnitude of any potential bias
	Discussion, Strengths and limitations (direction of under-ascertainment stated; magnitude of race misclassification given); Methods, Race and Hispanic origin

	20
	Interpretation
	Give a cautious overall interpretation considering objectives, limitations, multiplicity of analyses, results from similar studies and other relevant evidence
	Discussion, How much can be attributed to changing certification?, Competing explanations and Context and comparison; multiplicity addressed in Methods, Trend analysis

	21
	Generalizability
	Discuss the generalizability (external validity) of the study results
	Discussion, Strengths and limitations — national coverage without sampling; estimates for 2021–2024 apply to five single-race categories rather than the whole adult population

	Other information
	
	
	

	22
	Funding
	Give the source of funding and the role of the funders
	Declarations, Funding


Supplementary Tables
Supplementary Table S1. Data sources, file-to-year mapping and query specification.
	Item
	Specification

	Database
	CDC WONDER Multiple Cause of Death

	Years 1999–2020
	Multiple Cause of Death, 1999–2020 (bridged-race populations)

	Years 2021–2024
	Multiple Cause of Death, 2018–2024, Single Race (single-race populations)

	Overlap handling
	Each calendar year contributed by exactly one file; no death counted twice

	Case definition
	ICD-10 C78.0 (secondary malignant neoplasm of lung) recorded as a multiple cause of death

	Age restriction
	25 years and older (seven ten-year age groups)

	Hispanic origin
	Hispanic or Latino and Not Hispanic or Latino both selected; ‘Not Stated’ excluded uniformly

	Rate standard
	2000 US standard population, per 100,000; weights renormalised across the seven included age bands

	Race, 1999–2020
	Bridged race (four categories) with Hispanic origin as a restriction

	Race, 2021–2024
	Single Race 6, with Asian combined with Native Hawaiian or Other Pacific Islander to match the bridged Asian/Pacific Islander category

	Urbanization
	2013 NCHS scheme; available 1999–2020 only

	Trend analysis
	Joinpoint Regression Program v5.4.0.0 (National Cancer Institute)

	Extraction dates
	21–24 August 2026


Supplementary Table S2. Annual deaths, population, crude and age-adjusted mortality rates, overall, 1999–2024.
	Year
	Deaths
	Population
	Crude rate
	AAMR
	95% CI
	SE

	1999
	20,082
	180,408,769
	11.131
	11.328
	11.171–11.485
	0.0799

	2000
	17,372
	181,984,640
	9.546
	9.690
	9.546–9.834
	0.0735

	2001
	16,848
	184,305,128
	9.141
	9.241
	9.102–9.381
	0.0712

	2002
	16,695
	186,208,028
	8.966
	9.005
	8.868–9.141
	0.0697

	2003
	15,825
	188,090,429
	8.414
	8.387
	8.256–8.518
	0.0667

	2004
	15,450
	190,205,384
	8.123
	8.049
	7.922–8.176
	0.0649

	2005
	15,623
	192,551,384
	8.114
	7.992
	7.867–8.118
	0.0641

	2006
	15,430
	195,019,359
	7.912
	7.765
	7.642–7.888
	0.0627

	2007
	15,330
	197,403,777
	7.766
	7.556
	7.436–7.676
	0.0613

	2008
	14,961
	199,795,090
	7.488
	7.219
	7.102–7.335
	0.0593

	2009
	15,524
	202,107,016
	7.681
	7.352
	7.236–7.469
	0.0594

	2010
	15,853
	203,891,983
	7.775
	7.381
	7.265–7.497
	0.0591

	2011
	16,134
	206,592,936
	7.810
	7.320
	7.206–7.435
	0.0582

	2012
	16,476
	208,826,037
	7.890
	7.304
	7.191–7.417
	0.0576

	2013
	17,152
	211,085,314
	8.126
	7.408
	7.295–7.520
	0.0573

	2014
	18,065
	213,809,280
	8.449
	7.632
	7.519–7.745
	0.0576

	2015
	19,968
	216,553,817
	9.221
	8.210
	8.095–8.326
	0.0590

	2016
	21,966
	218,641,417
	10.047
	8.843
	8.724–8.962
	0.0607

	2017
	22,971
	221,447,331
	10.373
	9.057
	8.938–9.176
	0.0608

	2018
	24,270
	223,311,190
	10.868
	9.356
	9.236–9.475
	0.0611

	2019
	24,970
	224,981,167
	11.099
	9.446
	9.327–9.565
	0.0608

	2020
	26,631
	226,635,013
	11.751
	9.895
	9.774–10.016
	0.0617

	2021
	27,140
	224,030,595
	12.114
	10.286
	10.161–10.410
	0.0637

	2022
	30,012
	225,125,435
	13.331
	10.985
	10.859–11.112
	0.0645

	2023
	30,755
	226,995,452
	13.549
	11.164
	11.038–11.291
	0.0648

	2024
	32,260
	230,831,890
	13.976
	11.382
	11.256–11.508
	0.0645


Rates computed directly from deaths and populations at full precision. AAMR, age-adjusted mortality rate per 100,000.
Supplementary Table S3. Annual deaths and age-adjusted mortality rates by sex, 1999–2024.
	Year
	Male deaths
	Male AAMR
	Female deaths
	Female AAMR

	1999
	10,321
	13.90
	9,761
	9.72

	2000
	8,760
	11.66
	8,612
	8.46

	2001
	8,591
	11.24
	8,257
	8.00

	2002
	8,499
	10.90
	8,196
	7.83

	2003
	7,960
	10.01
	7,865
	7.36

	2004
	7,828
	9.62
	7,622
	7.04

	2005
	8,017
	9.63
	7,606
	6.90

	2006
	7,895
	9.32
	7,535
	6.74

	2007
	7,847
	9.02
	7,483
	6.58

	2008
	7,711
	8.62
	7,250
	6.25

	2009
	7,946
	8.70
	7,578
	6.43

	2010
	8,242
	8.84
	7,611
	6.36

	2011
	8,293
	8.61
	7,841
	6.39

	2012
	8,526
	8.61
	7,950
	6.38

	2013
	8,908
	8.72
	8,244
	6.49

	2014
	9,424
	8.99
	8,641
	6.67

	2015
	10,234
	9.46
	9,734
	7.33

	2016
	11,146
	10.04
	10,820
	8.00

	2017
	11,646
	10.23
	11,325
	8.21

	2018
	12,329
	10.59
	11,941
	8.46

	2019
	12,524
	10.47
	12,446
	8.72

	2020
	13,637
	11.24
	12,994
	8.94

	2021
	13,917
	11.61
	13,223
	9.33

	2022
	15,407
	12.52
	14,605
	9.92

	2023
	15,785
	12.58
	14,970
	10.14

	2024
	16,453
	12.73
	15,807
	10.41


Supplementary Table S4. Annual deaths and age-adjusted mortality rates by race and Hispanic origin, 1999–2024.
	Year
	NH White deaths
	NH White AAMR
	NH Black deaths
	NH Black AAMR
	Hispanic deaths
	Hispanic AAMR
	NH Asian/PI deaths
	NH Asian/PI AAMR
	NH AI/AN deaths
	NH AI/AN AAMR

	1999
	16,582
	11.32
	2,367
	15.10
	761
	7.86
	299
	6.58
	73
	9.29

	2000
	14,367
	9.74
	1,948
	12.22
	713
	6.88
	282
	5.79
	62
	7.17

	2001
	13,899
	9.32
	1,903
	11.72
	708
	6.49
	284
	5.38
	54
	6.01

	2002
	13,786
	9.11
	1,836
	11.07
	701
	6.11
	310
	5.55
	62
	7.01

	2003
	13,006
	8.49
	1,749
	10.23
	707
	5.78
	298
	4.97
	65
	6.94

	2004
	12,631
	8.15
	1,781
	10.19
	693
	5.50
	287
	4.66
	58
	5.56

	2005
	12,746
	8.12
	1,747
	9.75
	725
	5.36
	338
	5.16
	67
	6.34

	2006
	12,510
	7.87
	1,724
	9.29
	748
	5.28
	378
	5.58
	70
	7.22

	2007
	12,392
	7.69
	1,722
	9.06
	766
	5.05
	371
	5.12
	79
	7.22

	2008
	11,995
	7.30
	1,719
	8.84
	765
	4.90
	396
	5.10
	86
	7.70

	2009
	12,322
	7.43
	1,741
	8.71
	914
	5.58
	455
	5.50
	92
	7.25

	2010
	12,598
	7.50
	1,756
	8.63
	944
	5.47
	473
	5.69
	82
	7.55

	2011
	12,682
	7.42
	1,830
	8.63
	1,036
	5.63
	498
	5.50
	88
	7.13

	2012
	12,930
	7.44
	1,863
	8.58
	1,144
	5.93
	461
	4.80
	78
	5.91

	2013
	13,462
	7.59
	1,868
	8.23
	1,224
	6.03
	507
	4.97
	91
	6.45

	2014
	14,181
	7.88
	1,912
	8.17
	1,267
	5.94
	595
	5.58
	110
	7.57

	2015
	15,501
	8.42
	2,150
	8.88
	1,546
	6.82
	672
	5.84
	99
	6.63

	2016
	16,769
	8.96
	2,460
	9.88
	1,872
	7.84
	739
	6.10
	126
	7.86

	2017
	17,674
	9.32
	2,517
	9.84
	1,833
	7.33
	840
	6.60
	107
	6.78

	2018
	18,578
	9.65
	2,616
	9.93
	2,019
	7.72
	918
	6.94
	139
	8.38

	2019
	19,054
	9.75
	2,604
	9.62
	2,168
	7.96
	1,009
	7.43
	135
	8.02

	2020
	20,265
	10.23
	2,850
	10.34
	2,257
	7.96
	1,101
	7.72
	158
	8.65

	2021
	20,728
	10.71
	2,842
	10.40
	2,317
	8.22
	1,113
	7.96
	140
	8.47

	2022
	22,965
	11.47
	3,158
	11.35
	2,512
	8.70
	1,231
	8.32
	146
	8.57

	2023
	23,696
	11.86
	3,215
	11.36
	2,551
	8.40
	1,152
	7.53
	141
	7.85

	2024
	24,691
	12.11
	3,454
	11.73
	2,763
	8.53
	1,193
	7.28
	159
	8.67


Rates for 1999–2020 use bridged-race denominators; 2021–2024 use single-race denominators. NH, non-Hispanic; PI, Pacific Islander; AI/AN, American Indian or Alaska Native.
Supplementary Table S5. Annual deaths and age-adjusted mortality rates by census region, 1999–2024.
	Year
	Northeast deaths
	Northeast AAMR
	Midwest deaths
	Midwest AAMR
	South deaths
	South AAMR
	West deaths
	West AAMR

	1999
	4,088
	11.08
	5,009
	11.97
	7,485
	11.90
	3,500
	9.80

	2000
	3,580
	9.60
	4,301
	10.21
	6,325
	9.93
	3,166
	8.74

	2001
	3,589
	9.53
	4,221
	9.93
	6,065
	9.33
	2,973
	7.98

	2002
	3,358
	8.84
	4,369
	10.15
	6,066
	9.16
	2,902
	7.61

	2003
	3,315
	8.60
	3,928
	8.98
	5,759
	8.52
	2,823
	7.20

	2004
	3,245
	8.36
	3,763
	8.50
	5,624
	8.16
	2,818
	7.06

	2005
	3,138
	8.01
	3,848
	8.60
	5,658
	8.00
	2,979
	7.27

	2006
	3,028
	7.66
	3,771
	8.31
	5,665
	7.84
	2,966
	7.10

	2007
	2,933
	7.31
	3,844
	8.33
	5,543
	7.49
	3,010
	7.01

	2008
	2,817
	6.96
	3,560
	7.57
	5,578
	7.34
	3,006
	6.83

	2009
	2,773
	6.75
	3,540
	7.44
	5,857
	7.56
	3,354
	7.44

	2010
	2,776
	6.68
	3,513
	7.31
	5,917
	7.51
	3,647
	7.87

	2011
	2,807
	6.63
	3,664
	7.47
	5,906
	7.25
	3,757
	7.82

	2012
	2,750
	6.41
	3,575
	7.14
	6,281
	7.50
	3,870
	7.88

	2013
	2,764
	6.29
	3,661
	7.16
	6,736
	7.86
	3,991
	7.87

	2014
	2,706
	6.06
	3,913
	7.55
	7,226
	8.19
	4,220
	8.07

	2015
	3,002
	6.62
	4,190
	7.94
	7,959
	8.75
	4,817
	8.88

	2016
	3,107
	6.79
	4,574
	8.51
	8,869
	9.50
	5,416
	9.70

	2017
	3,023
	6.44
	4,933
	9.06
	9,338
	9.79
	5,677
	9.96

	2018
	3,035
	6.36
	5,217
	9.39
	9,704
	9.90
	6,314
	10.88

	2019
	3,148
	6.47
	5,367
	9.46
	10,138
	10.15
	6,317
	10.63

	2020
	3,526
	7.15
	5,772
	10.08
	10,744
	10.48
	6,589
	10.89

	2021
	3,510
	7.16
	5,971
	10.57
	10,850
	10.81
	6,809
	11.62

	2022
	3,789
	7.50
	6,458
	11.15
	12,216
	11.72
	7,549
	12.37

	2023
	3,969
	7.88
	6,611
	11.37
	12,764
	12.09
	7,411
	12.05

	2024
	4,011
	7.72
	7,094
	11.90
	13,193
	12.14
	7,962
	12.57


Supplementary Table S6. Annual crude death rates by ten-year age group, 1999–2024.
	Year
	25-34
	35-44
	45-54
	55-64
	65-74
	75-84
	85+

	1999
	0.316
	1.544
	4.987
	14.555
	33.091
	47.133
	50.963

	2000
	0.358
	1.278
	4.390
	12.371
	27.068
	41.614
	44.179

	2001
	0.350
	1.205
	4.070
	11.308
	26.463
	38.917
	45.426

	2002
	0.363
	1.288
	3.828
	10.725
	25.462
	39.201
	43.399

	2003
	0.268
	1.160
	3.684
	10.025
	22.983
	36.731
	42.699

	2004
	0.270
	1.021
	3.522
	9.780
	21.786
	35.789
	40.674

	2005
	0.222
	0.981
	3.377
	9.585
	21.979
	36.077
	39.844

	2006
	0.315
	0.971
	3.297
	8.725
	21.241
	35.548
	39.849

	2007
	0.280
	0.939
	3.175
	8.829
	20.047
	34.629
	40.004

	2008
	0.259
	0.870
	3.108
	8.364
	19.873
	32.150
	37.953

	2009
	0.231
	0.954
	3.337
	8.468
	19.413
	33.710
	37.766

	2010
	0.297
	0.913
	3.273
	8.599
	19.108
	33.680
	40.011

	2011
	0.299
	0.982
	3.213
	8.644
	18.944
	33.001
	39.671

	2012
	0.310
	1.064
	3.368
	8.607
	18.465
	32.985
	38.982

	2013
	0.275
	1.001
	3.457
	8.874
	18.960
	32.945
	39.995

	2014
	0.331
	1.047
	3.463
	9.250
	19.111
	34.788
	40.245

	2015
	0.310
	1.155
	3.765
	10.199
	20.925
	35.761
	44.901

	2016
	0.410
	1.319
	4.230
	11.215
	22.434
	37.510
	47.443

	2017
	0.428
	1.402
	4.430
	11.435
	22.632
	38.595
	48.402

	2018
	0.409
	1.408
	4.398
	11.816
	23.570
	40.248
	50.317

	2019
	0.385
	1.500
	4.609
	11.880
	23.546
	39.681
	52.854

	2020
	0.469
	1.471
	4.823
	12.306
	24.799
	42.172
	54.367

	2021
	0.526
	1.556
	4.736
	12.254
	24.919
	44.784
	62.259

	2022
	0.457
	1.481
	4.687
	13.492
	26.996
	48.824
	65.773

	2023
	0.464
	1.751
	5.122
	13.164
	26.887
	48.600
	69.508

	2024
	0.611
	1.744
	5.002
	13.150
	28.241
	48.918
	71.795


Crude rates per 100,000, computed directly from deaths and populations. Crude rather than age-adjusted rates are reported for age strata because age standardisation restricted to a subset of the standard age groups is computed from age-specific rates that CDC WONDER has already rounded, which renders the age-adjusted column degenerate for narrow bands.
Supplementary Table S7. Annual deaths and age-adjusted mortality rates by urbanization, 1999–2020.
	Year
	Metropolitan deaths
	Metropolitan AAMR
	Non-metropolitan deaths
	Non-metropolitan AAMR

	1999
	15,978
	11.08
	4,104
	12.50

	2000
	13,747
	9.39
	3,625
	10.96

	2001
	13,302
	8.95
	3,546
	10.60

	2002
	13,132
	8.65
	3,563
	10.53

	2003
	12,506
	8.11
	3,319
	9.70

	2004
	12,158
	7.74
	3,292
	9.48

	2005
	12,272
	7.67
	3,351
	9.50

	2006
	12,190
	7.47
	3,240
	9.06

	2007
	12,146
	7.31
	3,184
	8.77

	2008
	11,821
	6.95
	3,140
	8.51

	2009
	12,449
	7.16
	3,075
	8.25

	2010
	12,757
	7.21
	3,096
	8.18

	2011
	12,993
	7.15
	3,141
	8.21

	2012
	13,197
	7.07
	3,279
	8.45

	2013
	13,755
	7.19
	3,397
	8.59

	2014
	14,576
	7.41
	3,489
	8.73

	2015
	16,147
	7.96
	3,821
	9.33

	2016
	17,823
	8.62
	4,143
	10.09

	2017
	18,547
	8.75
	4,424
	10.62

	2018
	19,677
	9.09
	4,593
	10.82

	2019
	20,229
	9.17
	4,741
	11.02

	2020
	21,474
	9.55
	5,157
	11.85


County urbanization is not available in the expanded file; this series necessarily ends at 2020.
Supplementary Table S8. State-level deaths and pooled age-adjusted mortality rates, by era.
	State
	1999–2020 deaths
	1999–2020 AAMR
	2021–2024 deaths
	2021–2024 AAMR

	Oregon
	6,220
	9.75
	3,276
	22.55

	Vermont
	1,452
	13.35
	571
	22.10

	Nevada
	3,863
	10.11
	2,010
	20.15

	Arkansas
	7,223
	15.16
	1,778
	17.49

	Hawaii
	2,177
	9.63
	807
	17.06

	Tennessee
	10,588
	10.61
	3,647
	15.69

	Ohio
	18,031
	9.45
	6,202
	15.26

	Kentucky
	6,360
	9.31
	2,260
	15.18

	Indiana
	12,173
	12.14
	3,203
	14.52

	Kansas
	4,471
	10.02
	1,339
	14.20

	Idaho
	1,946
	8.43
	854
	14.14

	South Carolina
	7,748
	10.50
	2,561
	13.92

	Texas
	36,847
	11.37
	10,956
	13.58

	Washington
	8,798
	8.76
	3,114
	12.83

	Iowa
	5,903
	11.25
	1,395
	12.80

	Minnesota
	6,021
	7.27
	2,427
	12.79

	Nebraska
	2,958
	10.14
	776
	12.61

	Mississippi
	5,466
	12.14
	1,186
	12.50

	Maryland
	5,537
	6.41
	2,451
	12.17

	Florida
	29,167
	8.00
	10,382
	11.71

	Delaware
	1,750
	11.62
	441
	11.60

	West Virginia
	3,388
	10.03
	789
	11.58

	California
	48,434
	9.27
	13,488
	11.40

	Colorado
	4,771
	6.94
	1,921
	11.15

	North Carolina
	11,175
	7.67
	3,532
	10.02

	South Dakota
	1,106
	8.13
	297
	9.89

	Georgia
	8,234
	6.39
	3,198
	9.87

	Michigan
	13,007
	8.05
	3,444
	9.83

	North Dakota
	1,194
	10.38
	239
	9.67

	Arizona
	5,833
	5.75
	2,489
	9.66

	Maine
	1,739
	7.06
	524
	9.15

	Missouri
	7,309
	7.51
	1,917
	9.13

	Oklahoma
	4,888
	8.35
	1,121
	9.13

	Wyoming
	557
	6.59
	176
	8.91

	New Hampshire
	1,829
	8.43
	478
	8.87

	Wisconsin
	5,993
	6.46
	1,784
	8.51

	Pennsylvania
	17,712
	7.76
	3,946
	8.30

	New Mexico
	2,489
	7.93
	599
	8.09

	Virginia
	6,494
	5.52
	2,250
	7.98

	Alabama
	4,441
	5.79
	1,341
	7.73

	New York
	24,435
	7.84
	5,250
	7.71

	Montana
	957
	5.57
	309
	7.62

	Illinois
	14,367
	7.46
	3,111
	7.54

	Alaska
	534
	7.35
	134
	7.12

	Utah
	1,533
	5.03
	554
	7.11

	Massachusetts
	6,126
	5.61
	1,698
	7.06

	District of Columbia
	641
	7.56
	120
	6.88

	Connecticut
	3,732
	6.20
	887
	6.84

	Louisiana
	4,496
	6.57
	1,010
	6.84

	Rhode Island
	1,445
	7.93
	242
	6.03

	New Jersey
	10,038
	7.09
	1,683
	5.41


Rates are pooled across each era, not annual. Ordered by 2021–2024 AAMR.
Supplementary Table S9. Place of death among decedents with C78.0 recorded as a multiple cause, by era.
	Place of death
	1999–2020 n
	%
	2021–2024 n
	%

	Medical Facility - Inpatient | 115,454 | 28.6 | 24,343
	20.3 |

	Medical Facility - Outpatient or ER
	8,305 | 2.1 | 1,882 | 1.6 |

	Medical Facility - Dead on Arrival
	738
	0.2
	62
	0.1

	Medical Facility - Status unknown
	389
	0.1
	0
	0.0

	Decedent’s home | 171,988 | 42.6 | 62,933 | 52.4 |

	Hospice facility | 33,101 | 8.2 | 15,422 | 12.8 |

	Nursing home/long term care | 53,101 | 13.2 | 10,147 | 8.4 |

	Other | 19,742 | 4.9 | 5,371 | 4.5 |

	Place of death unknown
	778
	0.2
	Suppressed
	


The 2021–2024 categories sum to 120,160 against a total of 120,167; the seven-death shortfall is the suppressed ‘Place of death unknown’ cell. Percentages use the full era totals as denominators.
Supplementary Table S10. Joinpoint model specification.
	Item
	Specification

	Program
	Joinpoint Regression Program, version 5.4.0.0 (Statistical Methodology and Applications Branch, National Cancer Institute)

	Dependent variable
	Crude rate (age strata) or age-adjusted rate (all other strata)

	Weighting
	Inverse variance, using the standard error supplied with each rate

	Model form
	Log-linear with continuous joins at shared endpoints

	Model selection
	Permutation test

	Monte Carlo replicates
	4,499 (Joinpoint default for the permutation test)*

	Overall significance level
	0.05

	Maximum joinpoints permitted
	5; no stratum reached the ceiling (the largest selected model contained four joinpoints)

	Confidence-interval method
	Parametric

	Error structure
	Uncorrelated errors assumed; autocorrelation not modelled

	Models fitted
	25 strata reported (21 main-analysis strata, 4 comparison series); 101 significance tests reported in total (76 segment tests, 25 AAPCs)

	Run dates
	23 August 2026


* 4,499 is the program default for the permutation test.
Supplementary Table S11. Joinpoint segmented trends for the comparison and sensitivity series, 2000–2024.
	Series
	Segment
	APC (%/yr)
	95% CI
	P
	AAPC
	95% CI
	P

	All malignant neoplasms (underlying cause C00–C97)
	2000–2019
	-1.59
	-1.65 to -1.53
	<0.001
	-1.46
	-1.56 to -1.36
	<0.001

	
	2019–2024
	-0.97
	-1.41 to -0.52
	<0.001
	
	
	

	C78.0 with underlying cause C00–C97
	2000–2004
	-4.53
	-5.77 to -3.27
	<0.001
	+0.65
	-0.04 to +1.33
	0.064

	
	2004–2008
	-2.41
	-4.54 to -0.22
	0.034
	
	
	

	
	2008–2013
	-0.02
	-1.49 to +1.47
	0.977
	
	
	

	
	2013–2016
	+6.22
	+1.72 to +10.91
	0.011
	
	
	

	
	2016–2024
	+3.27
	+2.89 to +3.65
	<0.001
	
	
	

	C78.0 with underlying cause C80 (crude)
	2000–2003
	-2.77
	-9.84 to +4.86
	0.439
	+0.44
	-1.66 to +2.59
	0.682

	
	2003–2006
	+7.34
	-7.28 to +24.26
	0.317
	
	
	

	
	2006–2011
	-6.34
	-10.59 to -1.87
	0.009
	
	
	

	
	2011–2024
	+2.37
	+1.63 to +3.12
	<0.001
	
	
	

	C78.0 co-mentioned with C78.2 (crude)
	2000–2006
	-7.86
	-10.64 to -5.00
	<0.001
	+4.41
	+2.35 to +6.51
	<0.001

	
	2006–2013
	+6.10
	+2.92 to +9.37
	<0.001
	
	
	

	
	2013–2016
	+14.99
	-0.43 to +32.81
	0.056
	
	
	

	
	2016–2024
	+9.05
	+7.82 to +10.28
	<0.001
	
	
	


All four series were fitted with the Joinpoint Regression Program. The first two use age-adjusted rates. The C80 and pleural series use crude rates computed directly from deaths and populations, for two reasons. Their exported age-adjusted columns hold only 16 distinct values across 25 years and cannot support a segmented fit, whereas the computed crude rates take 25. And an age-stratified extraction would not resolve this: at the observed size of these series, a co-mention count broken out by ten-year age band falls below the suppression threshold in the youngest band for the pleural series and below the reliability threshold in the next, so a directly standardised rate could not be computed for every year. Crude rates are therefore the appropriate scale for these two series.
Supplementary Table S12. Sensitivity analysis — case definition restricted to deaths with an underlying cause of malignant neoplasm.
	Year
	Any-mention deaths
	UCD C00–C97 deaths
	Cancer-attributable (%)
	Any-mention AAMR
	Restricted AAMR

	1999
	20,082
	19,140
	95.3
	11.33
	10.80

	2000
	17,372
	16,507
	95.0
	9.69
	9.22

	2001
	16,848
	15,925
	94.5
	9.24
	8.73

	2002
	16,695
	15,800
	94.6
	9.00
	8.54

	2003
	15,825
	14,936
	94.4
	8.39
	7.91

	2004
	15,450
	14,572
	94.3
	8.05
	7.58

	2005
	15,623
	14,782
	94.6
	7.99
	7.56

	2006
	15,430
	14,624
	94.8
	7.76
	7.36

	2007
	15,330
	14,507
	94.6
	7.56
	7.14

	2008
	14,961
	14,119
	94.4
	7.22
	6.81

	2009
	15,524
	14,763
	95.1
	7.35
	6.96

	2010
	15,853
	15,062
	95.0
	7.38
	7.00

	2011
	16,134
	15,302
	94.8
	7.32
	6.95

	2012
	16,476
	15,585
	94.6
	7.30
	6.89

	2013
	17,152
	16,279
	94.9
	7.41
	7.03

	2014
	18,065
	17,168
	95.0
	7.63
	7.24

	2015
	19,968
	19,036
	95.3
	8.21
	7.81

	2016
	21,966
	20,986
	95.5
	8.84
	8.46

	2017
	22,971
	21,904
	95.4
	9.06
	8.62

	2018
	24,270
	23,114
	95.2
	9.36
	8.90

	2019
	24,970
	23,786
	95.3
	9.45
	9.00

	2020
	26,631
	25,063
	94.1
	9.90
	9.31

	2021
	27,140
	25,488
	93.9
	10.29
	9.64

	2022
	30,012
	28,057
	93.5
	10.99
	10.25

	2023
	30,755
	28,896
	94.0
	11.16
	10.48

	2024
	32,260
	30,375
	94.2
	11.38
	10.73


The cancer-attributable fraction is stable across the series (95.3% in 1999, 94.2% in 2024), so restricting the underlying cause does not materially change the case definition. UCD, underlying cause of death.
Supplementary Table S13. Sensitivity analysis — exclusion of deaths co-mentioning primary malignant neoplasm of the bronchus and lung (C34).
	Year
	All C78.0 mentions
	Co-mentioning C34
	Co-mention fraction (%)
	C78.0 without C34

	1999
	20,082
	2,299
	11.45
	17,783

	2000
	17,372
	2,171
	12.50
	15,201

	2001
	16,848
	1,967
	11.67
	14,881

	2002
	16,695
	1,757
	10.52
	14,938

	2003
	15,825
	1,017
	6.43
	14,808

	2004
	15,450
	966
	6.25
	14,484

	2005
	15,623
	927
	5.93
	14,696

	2006
	15,430
	872
	5.65
	14,558

	2007
	15,330
	844
	5.51
	14,486

	2008
	14,961
	842
	5.63
	14,119

	2009
	15,524
	941
	6.06
	14,583

	2010
	15,853
	933
	5.89
	14,920

	2011
	16,134
	853
	5.29
	15,281

	2012
	16,476
	935
	5.67
	15,541

	2013
	17,152
	967
	5.64
	16,185

	2014
	18,065
	1,009
	5.59
	17,056

	2015
	19,968
	1,064
	5.33
	18,904

	2016
	21,966
	1,025
	4.67
	20,941

	2017
	22,971
	1,119
	4.87
	21,852

	2018
	24,270
	1,026
	4.23
	23,244

	2019
	24,970
	1,102
	4.41
	23,868

	2020
	26,631
	1,295
	4.86
	25,336

	2021
	27,140
	1,362
	5.02
	25,778

	2022
	30,012
	2,402
	8.00
	27,610

	2023
	30,755
	2,545
	8.28
	28,210

	2024
	32,260
	2,583
	8.01
	29,677


Trend comparison over the primary window, crude rates.
	Series
	Joinpoint
	Segment APCs (%/yr)
	AAPC 2000–2024 (95% CI)
	Change 2000→2024

	All C78.0 mentions
	2010
	2000–2010 -2.33 ; 2010–2024 +4.86
	+1.80 (+1.66, +1.95)
	+46.4%

	C78.0 without C34 co-mention
	2010
	2000–2010 -1.61 ; 2010–2024 +4.62
	+1.98 (+1.84, +2.12)
	+53.9%


Deaths co-mentioning C34 are those in which the certifier’s distinction between primary and secondary lung malignancy is least secure. Excluding them does not weaken the trend: the joinpoint falls in the same year, the shape is unchanged, and the average annual percent change is slightly larger without them. Rates are crude, because this extraction was grouped by year only; an age-adjusted version would require the same query grouped additionally by ten-year age group.
The co-mention fraction is not stable, and its two step changes are consequential. The fraction ranges from 4.23% to 12.50% and shifts abruptly twice: from 10.52% in 2002 to 6.43% in 2003, and from 5.02% in 2021 to 8.00% in 2022. Decomposing the corresponding movements in the whole series:
	Transition
	All C78.0
	Co-mentioning C34
	Remainder
	Share of the change attributable to the co-mention group

	2002 → 2003
	−870 (−5.2%)
	−740
	−130 (−0.9%)
	85%

	2021 → 2022
	+2,872 (+10.6%)
	+1,040
	+1,832 (+7.1%)
	36%


Both discontinuities are therefore concentrated in the group whose coding is ambiguous, and both are attenuated or removed when that group is excluded. Neither is plausible as an epidemiologic change of that speed, and both warrant treatment as coding-practice effects.
Supplementary Table S14. Sensitivity analysis — proportionate mortality, C78.0 mentions relative to all cancer deaths.
	Year
	C78.0 mentions
	Cancer deaths (UCD C00–C97)
	C78.0 per 1,000 cancer deaths
	All-cancer AAMR

	1999
	20,082
	545,227
	36.83
	307.89

	2000
	17,372
	548,455
	31.67
	306.16

	2001
	16,848
	549,232
	30.68
	301.38

	2002
	16,695
	552,581
	30.21
	298.04

	2003
	15,825
	552,509
	28.64
	292.83

	2004
	15,450
	549,722
	28.11
	286.66

	2005
	15,623
	555,371
	28.13
	284.15

	2006
	15,430
	556,031
	27.75
	279.14

	2007
	15,330
	559,220
	27.41
	275.34

	2008
	14,961
	561,508
	26.64
	270.70

	2009
	15,524
	563,787
	27.54
	266.39

	2010
	15,853
	570,773
	27.77
	265.24

	2011
	16,134
	572,862
	28.16
	259.41

	2012
	16,476
	578,237
	28.49
	255.31

	2013
	17,152
	580,889
	29.53
	250.49

	2014
	18,065
	587,323
	30.76
	247.22

	2015
	19,968
	591,291
	33.77
	242.96

	2016
	21,966
	593,647
	37.00
	238.83

	2017
	22,971
	595,008
	38.61
	233.87

	2018
	24,270
	595,410
	40.76
	228.72

	2019
	24,970
	595,985
	41.90
	224.27

	2020
	26,631
	598,863
	44.47
	221.17

	2021
	27,140
	598,698
	45.33
	226.38

	2022
	30,012
	601,553
	49.89
	219.78

	2023
	30,755
	606,044
	50.75
	218.81

	2024
	32,260
	612,387
	52.68
	215.29


This analysis controls for the secular decline in total cancer mortality and for any general change in the depth of death-certificate completion.
Supplementary Table S15. Sensitivity analysis — unspecified primary site and pleural co-mention.
	Year
	C80 with C78.0 (n)
	% of all C78.0 mentions
	C78.2 with C78.0 (n)
	% of all C78.0 mentions

	1999
	3,632
	18.1
	265
	1.32

	2000
	2,138
	12.3
	284
	1.63

	2001
	2,001
	11.9
	284
	1.69

	2002
	2,047
	12.3
	238
	1.43

	2003
	2,049
	12.9
	233
	1.47

	2004
	2,078
	13.4
	207
	1.34

	2005
	2,395
	15.3
	213
	1.36

	2006
	2,535
	16.4
	184
	1.19

	2007
	2,449
	16.0
	210
	1.37

	2008
	2,256
	15.1
	215
	1.44

	2009
	2,298
	14.8
	236
	1.52

	2010
	1,965
	12.4
	236
	1.49

	2011
	1,910
	11.8
	278
	1.72

	2012
	2,018
	12.2
	294
	1.78

	2013
	2,085
	12.2
	309
	1.80

	2014
	2,153
	11.9
	346
	1.92

	2015
	2,296
	11.5
	433
	2.17

	2016
	2,447
	11.1
	506
	2.30

	2017
	2,466
	10.7
	520
	2.26

	2018
	2,558
	10.5
	634
	2.61

	2019
	2,560
	10.3
	623
	2.49

	2020
	2,539
	9.5
	678
	2.55

	2021
	2,495
	9.2
	765
	2.82

	2022
	2,709
	9.0
	815
	2.72

	2023
	2,692
	8.8
	937
	3.05

	2024
	3,219
	10.0
	1,061
	3.29


C80, malignant neoplasm without specification of site; C78.2, secondary malignant neoplasm of pleura. Both columns are counts of deaths recording the stated code together with C78.0, expressed as a percentage of all C78.0-mentioning deaths in the same year. Deaths with an unspecified primary site fell 41% between 1999 and 2000, from 3,632 to 2,138, and the share they represent fell from 18.1% to 12.3%; from the 2000 baseline the share fell only a further 2.3 percentage points by 2024. Segmented trends for both series are given in Supplementary Table S11.
Supplementary Table S16. Sensitivity analysis — exclusion of 1999, the first year of ICD-10 mortality coding.
Panel A. The 1999-to-2000 step, overall and by age band.
	Series
	1999
	2000
	Change (%)

	Overall, age-adjusted rate
	11.33
	9.69
	-14.5

	25-34 years, crude rate
	0.32
	0.36
	+13.4

	35-44 years, crude rate
	1.54
	1.28
	-17.2

	45-54 years, crude rate
	4.99
	4.39
	-12.0

	55-64 years, crude rate
	14.56
	12.37
	-15.0

	65-74 years, crude rate
	33.09
	27.07
	-18.2

	75-84 years, crude rate
	47.13
	41.61
	-11.7

	85+ years, crude rate
	50.96
	44.18
	-13.3

	All malignant neoplasms (comparison), age-adjusted rate
	307.89
	306.16
	-0.6

	C80 with C78.0, deaths
	3,632
	2,138
	-41.1


The comparison series moves by -0.6% across the same transition, establishing that the discontinuity is specific to the coding of secondary and unspecified-site neoplasms rather than general to the ICD-10 revision.
Panel B. Effect on the overall trend estimate.
	Quantity
	Including 1999
	Excluding 1999

	Log-linear slope, start of series to 2008
	-4.19%/yr
	-3.48%/yr

	Log-linear slope, full range
	+0.72%/yr
	+1.08%/yr

	Change to 2024
	+0.5%
	+17.5%


The slopes in Panel B are simple diagnostic log-linear fits used to bound the influence of the first observation. They are not joinpoint segment estimates and should not be quoted as such.
Panel C. Joinpoint models fitted from 1999 compared with the primary models fitted from 2000.
	Series
	AAPC 1999–2024 (95% CI)
	Joinpoints
	AAPC 2000–2024 (95% CI)
	Joinpoints
	Difference

	25-34 years
	+1.81 (+0.39, +3.25)
	2008
	+1.42 (-0.44, +3.32)
	2005
	-0.39

	35-44 years
	+0.86 (+0.21, +1.51)
	2008
	+1.25 (+0.57, +1.93)
	2008
	+0.39

	45-54 years
	+0.07 (-1.05, +1.21)
	2001, 2007, 2014, 2017
	+0.70 (-0.29, +1.69)
	2007, 2014, 2017
	+0.62

	55-64 years
	-0.27 (-1.43, +0.89)
	2001, 2008, 2013, 2016
	+0.49 (-0.47, +1.45)
	2007, 2013, 2016
	+0.76

	65-74 years
	-0.44 (-1.07, +0.19)
	2003, 2012
	+0.11 (-0.46, +0.68)
	2004, 2012
	+0.55

	75-84 years
	+0.27 (-0.42, +0.96)
	2001, 2012
	+0.96 (+0.64, +1.29)
	2012
	+0.69

	85+ years
	+1.58 (+0.93, +2.22)
	2005, 2013
	+2.04 (+1.66, +2.42)
	2012
	+0.46

	All malignant neoplasms (underlying cause C00–C97)
	-1.42 (-1.57, -1.28)
	2014, 2019
	-1.46 (-1.56, -1.36)
	2019
	-0.04

	C78.0 with underlying cause C00–C97
	+0.05 (-0.75, +0.85)
	2001, 2008, 2013, 2016
	+0.65 (-0.04, +1.33)
	2004, 2008, 2013, 2016
	+0.60


Both columns are Joinpoint Regression Program output on identical case definitions, differing only in the first year included. The average annual percent change is higher on the 2000 start in 7 of 9 series. Five strata carried an opening segment of three years or less in the 1999-start models, with annual percent changes between −9% and −27%; those segments do not appear when 1999 is excluded. Models fitted from 1999 were run only for the series shown; the remaining strata were fitted on the primary window only.
Supplementary Table S17. Sensitivity analysis — 2021 population vintage.
	Age group
	Population 2020
	Population 2021 as published
	Population 2022
	2020→2021 change
	Crude rate 2021 as published
	Crude rate 2021 with interpolated denominator

	25-34 years
	46,069,646
	44,086,133
	44,029,365
	-4.31%
	0.526
	0.515

	35-44 years
	42,136,192
	42,425,961
	42,684,765
	+0.69%
	1.556
	1.556

	45-54 years
	40,366,133
	39,991,772
	39,709,583
	-0.93%
	4.736
	4.731

	55-64 years
	42,403,677
	42,240,173
	41,514,731
	-0.39%
	12.254
	12.336

	65-74 years
	32,549,398
	33,308,197
	33,411,801
	+2.33%
	24.919
	25.166

	75-84 years
	16,451,547
	16,054,696
	17,350,034
	-2.41%
	44.784
	42.542

	85+ years
	6,658,420
	5,923,663
	6,425,156
	-11.04%
	62.259
	56.376

	Overall (AAMR)
	
	
	
	−1.15%
	10.286
	10.022


Replacing the 2021 denominators with the 2020–2022 midpoint lowers the overall 2021 AAMR by -2.56% and the 85+ crude rate by 9.45%. A resident population cannot fall 11.0% in one year and rise 8.5% the next; the 2021 values reflect the transition to 2020-census-based estimates.
Supplementary Table S18. Sensitivity analysis — secondary malignant neoplasm of the lung recorded as the underlying cause of death, 2021–2024.
	Year
	C78.0 as underlying cause (n)
	C78.0 as any mention (n)
	Underlying as % of mentions
	AAMR, underlying cause

	2021
	308
	27,140
	1.13
	0.10

	2022
	472
	30,012
	1.57
	0.17

	2023
	512
	30,755
	1.66
	0.19

	2024
	557
	32,260
	1.73
	0.18

	2021–2024
	1,849
	120,167
	1.54
	


A lung metastasis is selected as the underlying cause in a small minority of the deaths that record it, and that share rose over the four years available. The corresponding 1999–2020 series does not yet exist: the file supplied for those years was extracted with the multiple-cause selector rather than the underlying-cause selector, and C78.0 cannot be recovered from the ICD-10 113 Cause List because it falls inside the composite category ‘All other and unspecified malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C63, C66, C68-C69, C73-C80, C97)’. This table is therefore restricted to 2021–2024 pending a genuine underlying-cause extraction for the earlier era. Like all 2021–2024 extractions it excludes decedents recorded as ‘More than one race’.
Supplementary Table S19. Suppression and reliability audit.
	Stratum set
	Cells
	Suppressed (<10 deaths)
	Unreliable (<20 deaths)
	Note

	Overall, annual
	26
	0
	0
	

	Sex, annual
	52
	0
	0
	

	Race/Hispanic origin, annual
	130
	0
	0
	Smallest stratum is NH AI/AN, 73–164 deaths per year

	Census region, annual
	104
	0
	0
	

	Ten-year age group, annual
	182
	0
	0
	25–34 was the smallest age stratum; no annual cell had fewer than 20 deaths

	Urbanization, annual (1999–2020)
	44
	0
	0
	

	Place of death, 2021–2024
	9
	1
	0
	‘Place of death unknown’ suppressed; era total short by 7

	State, pooled
	102
	0
	0
	

	Underlying cause 113 list, pooled
	274
	51
	0
	25 cells 1999–2020 and 26 cells 2021–2024


Counts below 10 are suppressed by CDC WONDER and rates based on fewer than 20 deaths are flagged unreliable. No stratum carried in the main analysis is affected.
