Additional file 1
Beyond organoids: restoring the value of patient-derived two-dimensional colorectal cancer models
Supplementary methods and results. Section numbers correspond to the references in the main text.
S1. Predictor effect sizes by route
Table 4 of the main text shows effect sizes for the combined cohort. Tables S1a and S1b give the same analysis for each route. Continuous variables: medians with Cliff's δ (bounded at ±1; |δ| < 0.15 negligible, 0.15–0.33 small). Categorical variables: percentage established in the exposed vs the reference group with Woolf odds ratios. Molecular markers: Firth penalized logistic regression.
Table S1a Primary-tissue route (n = 87; 34 established, 53 failed)
	Variable
	Established
	Failed
	Effect size (95% CI)
	P

	UICC stage (ordinal)
	IV
	IV
	Cliff's δ = +0.10
	0.39

	Tumor volume (cm³)
	50.6
	54.0
	Cliff's δ = -0.15
	0.25

	Tumor budding, MG vs LG
	64%
	33%
	OR 3.60 (0.71–18.25)
	0.24

	Tumor budding, MG vs HG
	64%
	53%
	OR 1.57 (0.35–7.00)
	0.71

	Tumor site, right vs left/rectum†
	39%
	41%
	OR 0.94 (0.30–2.91)
	1.00

	Age (years)
	69.0
	69.0
	Cliff's δ = -0.06
	0.64

	Sex (male)
	45%
	26%
	OR 2.34 (0.86–6.35)
	0.10

	BMI (kg/m²)
	26.3
	26.9
	Cliff's δ = -0.09
	0.50

	Smoking
	38%
	39%
	OR 0.98 (0.29–3.31)
	1.00

	Alcohol
	54%
	33%
	OR 2.42 (0.92–6.36)
	0.086

	UICC stage (4 categories, χ²)
	
	
	χ² = 2.92
	0.40

	MSI-H
	21%
	41%
	OR 0.44 (0.12–1.65)
	0.22

	KRAS mutation
	46%
	40%
	OR 1.28 (0.49–3.34)
	0.61

	BRAF mutation
	35%
	40%
	OR 0.84 (0.27–2.60)
	0.76

	APC mutation
	40%
	41%
	OR 0.97 (0.39–2.43)
	0.95

	TP53 mutation
	30%
	48%
	OR 0.49 (0.19–1.27)
	0.14

	PIK3CA mutation
	60%
	37%
	OR 2.43 (0.62–9.48)
	0.20


Table S1b PDX-derived route (n = 96; 55 established, 41 failed)
	Variable
	Established
	Failed
	Effect size (95% CI)
	P

	UICC stage (ordinal)
	IV
	III
	Cliff's δ = +0.14
	0.21

	Tumor volume (cm³)
	64.0
	48.0
	Cliff's δ = +0.10
	0.42

	Tumor budding, MG vs LG
	63%
	41%
	OR 2.48 (0.70–8.74)
	0.21

	Tumor budding, MG vs HG
	63%
	50%
	OR 1.71 (0.44–6.63)
	0.51

	Tumor site, right vs left/rectum†
	49%
	47%
	OR 1.09 (0.42–2.80)
	1.00

	Age (years)
	69.0
	74.0
	Cliff's δ = -0.19
	0.11

	Sex (male)
	58%
	56%
	OR 1.06 (0.47–2.42)
	1.00

	BMI (kg/m²)
	26.4
	26.5
	Cliff's δ = -0.05
	0.67

	Smoking
	48%
	59%
	OR 0.62 (0.23–1.64)
	0.45

	Alcohol
	68%
	52%
	OR 1.93 (0.76–4.88)
	0.18

	UICC stage (4 categories, χ²)
	
	
	χ² = 1.65
	0.65

	MSI-H
	48%
	61%
	OR 0.61 (0.24–1.52)
	0.29

	KRAS mutation
	47%
	61%
	OR 0.57 (0.24–1.35)
	0.20

	BRAF mutation
	48%
	59%
	OR 0.63 (0.24–1.63)
	0.34

	APC mutation
	64%
	49%
	OR 1.84 (0.80–4.25)
	0.15

	TP53 mutation
	63%
	53%
	OR 1.52 (0.65–3.53)
	0.33

	PIK3CA mutation
	55%
	56%
	OR 0.94 (0.27–3.35)
	0.93


†Primary-tumor specimens only. Bonferroni α = 0.0045 for the eleven clinical and histopathological comparisons. No variable crosses it in either route.
S2. Detectable effect sizes
For a binary predictor with 50% prevalence in the combined cohort (n = 150; 49% established), 80% power is reached at an odds ratio of about 3.4 at the corrected threshold (α = 0.0045) and about 2.5 at α = 0.05 (two-sided arcsine approximation). Markers with low prevalence, such as BRAF mutation or MSI-H, need larger effects. The negative result therefore excludes strong predictors only.
S3. Contaminated cultures counted as failures
In the main analysis contaminated cultures are not evaluable. Here they are counted as failures (combined cohort, n = 157). Conclusions do not change.
Table S3 P values with contaminated cultures counted as failures vs not evaluable
	Variable
	Contaminated = failure
	Main analysis

	UICC stage (ordinal)
	0.11
	0.31

	Tumor volume (cm³)
	0.84
	0.95

	Tumor budding, MG vs LG
	0.19
	0.18

	Tumor budding, MG vs HG
	0.43
	0.78

	Tumor site, right vs left/rectum†
	0.57
	1.00

	Age (years)
	0.21
	0.29

	Sex (male)
	0.87
	1.00

	BMI (kg/m²)
	0.63
	0.60

	Smoking
	0.42
	0.53

	Alcohol
	0.029
	0.017

	UICC stage (4 categories, χ²)
	0.23
	0.37


S4. Sensitivity analyses for survival
Table S4 Cox models for establishment (either route) under alternative specifications
	Model
	n (events)
	HR (95% CI)
	P

	Overall survival

	Unadjusted
	147 (86)
	1.45 (0.93–2.26)
	0.10

	Stage IV
	147 (86)
	1.45 (0.91–2.31)
	0.12

	Stage IV + R status
	114 (56)
	1.77 (1.03–3.06)
	0.039

	Stage IV + metastatic specimen
	147 (86)
	1.56 (0.95–2.57)
	0.080

	One specimen per patient, unadjusted
	129 (74)
	1.56 (0.99–2.46)
	0.055

	One specimen per patient, stage IV + R status
	106 (54)
	2.28 (1.27–4.10)
	0.006

	Relapse-free survival (relapse or death)

	Unadjusted
	118 (71)
	1.40 (0.87–2.26)
	0.16

	Stage IV
	118 (71)
	1.67 (1.04–2.68)
	0.034

	Stage IV + R status
	97 (51)
	1.95 (1.11–3.42)
	0.020

	Stage IV + metastatic specimen
	118 (71)
	1.72 (1.08–2.75)
	0.023

	One specimen per patient, unadjusted
	108 (64)
	1.40 (0.86–2.29)
	0.18

	One specimen per patient, stage IV + R status
	93 (50)
	2.16 (1.20–3.90)
	0.010

	Relapse only (death censored), unadjusted
	118 (19)
	1.26 (0.51–3.10)
	0.62

	Relapse only (death censored), stage IV
	118 (19)
	1.66 (0.66–4.16)
	0.28


Standard errors clustered by patient except for the relapse-only models (too few events per cluster; model-based standard errors). Adjusted models in complete cases. The relapse-only models have few events and are shown for transparency.
S5. Sources of follow-up data
Follow-up was assembled from four records: the curated biobank follow-up file (outcome dates, vital status, tumor status at last contact; updated with cancer registry information until June 2026), the patient registry (date of collection, age at collection, date of death), the clinical questionnaire (BMI per surgery, smoking, alcohol) and the earlier clinical database (outcome dates for three specimens missing from the curated file). OS and RFS were recalculated from dates rather than taken from month columns. Obvious date typos were corrected against the date of last information, and three specimens with contradictory or missing dates were excluded from survival analyses. All rules and every change from the previous version are listed in Additional file 2.
S6. Y-27632 effect by route
Pooled over the three defined media, Y-27632 converted failed cultures to successful ones more often than the reverse in both routes, but only the pooled test was significant (primary: 7 vs 1, OR 7.00, P = 0.070; PDX-derived: 6 vs 2, OR 3.00, P = 0.289; combined: 13 vs 3, OR 4.33, P = 0.021). Only 16 of 181 pairs were discordant, so the route-specific estimates are imprecise.
S7. Comparison of the defined media
All comparisons are paired (same specimen evaluable in both conditions). This controls for the time at which media were introduced and for differences in culturability between tumors. Cochran's Q test among specimens evaluable in all six defined conditions found no difference (primary: n = 21, Q = 9.23, df = 5, P = 0.100; PDX-derived: n = 26, Q = 2.69, df = 5, P = 0.747).
Table S7a Establishment per defined condition (positive/evaluable, %)
	Condition
	Primary
	PDX-derived

	Sphero Medium
	14/64 (21.9)
	33/97 (34.0)

	Sphero Medium + Y-27632
	16/57 (28.1)
	18/39 (46.2)

	Pancreas TumorMACS™
	13/53 (24.5)
	37/96 (38.5)

	Pancreas TumorMACS™ + Y-27632
	13/40 (32.5)
	16/26 (61.5)

	Colon TumorMACS™
	10/35 (28.6)
	23/49 (46.9)

	Colon TumorMACS™ + Y-27632
	12/40 (30.0)
	15/27 (55.6)


Table S7b Pairwise comparison of the six defined conditions (McNemar exact test)
	Medium A
	Medium B
	N
	% A
	% B
	b
	c
	P

	Primary tissue

	Sphero
	Sphero + Y
	41
	22.0
	26.8
	1
	3
	0.625

	Sphero
	Panc
	50
	26.0
	24.0
	3
	2
	1.000

	Sphero
	Panc + Y
	24
	25.0
	37.5
	0
	3
	0.250

	Sphero
	Colon
	33
	27.3
	30.3
	0
	1
	1.000

	Sphero
	Colon + Y
	24
	25.0
	37.5
	0
	3
	0.250

	Sphero + Y
	Panc
	30
	33.3
	30.0
	2
	1
	1.000

	Sphero + Y
	Panc + Y
	35
	31.4
	34.3
	3
	4
	1.000

	Sphero + Y
	Colon
	31
	32.3
	29.0
	2
	1
	1.000

	Sphero + Y
	Colon + Y
	36
	27.8
	27.8
	2
	2
	1.000

	Panc
	Panc + Y
	24
	25.0
	37.5
	0
	3
	0.250

	Panc
	Colon
	33
	30.3
	30.3
	1
	1
	1.000

	Panc
	Colon + Y
	22
	27.3
	36.4
	0
	2
	0.500

	Panc + Y
	Colon
	23
	39.1
	30.4
	3
	1
	0.625

	Panc + Y
	Colon + Y
	37
	35.1
	32.4
	4
	3
	1.000

	Colon
	Colon + Y
	24
	29.2
	33.3
	0
	1
	1.000

	PDX-derived

	Sphero
	Sphero + Y
	39
	43.6
	46.2
	0
	1
	1.000

	Sphero
	Panc
	96
	34.4
	38.5
	9
	13
	0.523

	Sphero
	Panc + Y
	26
	53.8
	61.5
	1
	3
	0.625

	Sphero
	Colon
	49
	40.8
	46.9
	4
	7
	0.549

	Sphero
	Colon + Y
	27
	51.9
	55.6
	1
	2
	1.000

	Sphero + Y
	Panc
	38
	47.4
	52.6
	2
	4
	0.688

	Sphero + Y
	Panc + Y
	26
	53.8
	61.5
	1
	3
	0.625

	Sphero + Y
	Colon
	39
	46.2
	51.3
	2
	4
	0.688

	Sphero + Y
	Colon + Y
	27
	51.9
	55.6
	1
	2
	1.000

	Panc
	Panc + Y
	26
	53.8
	61.5
	1
	3
	0.625

	Panc
	Colon
	48
	47.9
	47.9
	1
	1
	1.000

	Panc
	Colon + Y
	26
	53.8
	57.7
	1
	2
	1.000

	Panc + Y
	Colon
	26
	61.5
	53.8
	3
	1
	0.625

	Panc + Y
	Colon + Y
	26
	61.5
	57.7
	2
	1
	1.000

	Colon
	Colon + Y
	27
	51.9
	55.6
	1
	2
	1.000


N, specimens evaluable in both conditions; b, positive under A only; c, positive under B only. Bonferroni α = 0.0033 (15 tests per route). No comparison is significant. Sphero, Sphero Medium; Panc, Pancreas TumorMACS™; Colon, Colon TumorMACS™; Y, Y-27632.
Table S7c Base media pooled over ± Y-27632 (McNemar exact test)
	Base A
	% A
	Base B
	% B
	N
	b
	c
	P

	Primary tissue

	Sphero
	30.8
	Panc
	27.7
	65
	8
	6
	0.791

	Sphero
	31.2
	Colon
	29.2
	48
	4
	3
	1.000

	Panc
	35.4
	Colon
	31.2
	48
	5
	3
	0.727

	PDX-derived

	Sphero
	35.4
	Panc
	41.7
	96
	9
	15
	0.307

	Sphero
	42.9
	Colon
	51.0
	49
	4
	8
	0.388

	Panc
	54.2
	Colon
	52.1
	48
	3
	2
	1.000


A specimen counts as established under a base medium if either the supplemented or the unsupplemented version succeeded.
S8. Tumor factor × medium interaction
To test whether any tumor characteristic favors a particular medium, twelve factors (age, BMI, tumor volume, UICC stage, sex, smoking, alcohol, budding, tumor site, MSI-H, KRAS, BRAF) were tested against success in each of the six defined conditions in each route (144 tests; Mann-Whitney U or Fisher's exact test). 13 tests had P < 0.05, against 7.2 expected by chance. None passed the Bonferroni threshold (α = 0.00035). The nominal results are scattered across factors and conditions without a consistent pattern, and none is stronger than would be expected by chance in this number of tests. There is no evidence that tumor genotype or phenotype should guide the choice of medium.
Table S8 Factor × condition tests with nominal P < 0.05
	Route
	Condition
	Factor
	n
	P

	PDX
	Colon TumorMACS™
	UICC
	48
	0.0030

	primary
	Sphero Medium
	Sex
	64
	0.0062

	PDX
	Colon TumorMACS™
	MSI-H
	48
	0.0063

	PDX
	Colon TumorMACS™
	Alcohol
	47
	0.0113

	PDX
	Colon TumorMACS™ + Y-27632
	UICC
	26
	0.0145

	PDX
	Sphero Medium
	Budding
	41
	0.0265

	PDX
	Pancreas TumorMACS™
	Age
	95
	0.0287

	primary
	Sphero Medium
	Budding
	17
	0.0294

	PDX
	Colon TumorMACS™
	Age
	48
	0.0305

	primary
	Sphero Medium
	Alcohol
	62
	0.0319

	PDX
	Sphero Medium + Y-27632
	UICC
	38
	0.0364

	PDX
	Pancreas TumorMACS™
	Alcohol
	94
	0.0387

	PDX
	Sphero Medium
	MSI-H
	96
	0.0473
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