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Abstract

Background
Mutation realisation is set by the product of three permissiveness gates: intrinsic G1, tissue G2 and
systemic G3. An expanded clone appears only when all three are non-zero. Age-specific incidence and
the dialysis–transplant separation are two readouts of the same product.

Methods
We analysed published data. SEER 2010–2013 supplied the multistage-senescence parameters k and b
for 20 non-reproductive cancers. ANZDATA supplied cancer SMRs for 52,936 dialysis patients and
16,820 transplant recipients. Driver-mutation clones in normal colon and oesophagus constrained G1.
We estimated k, b and G2, compared the three-gate product with one-gate, two-gate and additive models,
and tested the result against HALO-301 and the anti-CD47 phase III trial.

Results
k = 6.17, b = 0.0099 ± 0.0005 yr⁻¹, non-driver rate-limiting steps 4.43 (72%). Dialysis SMR 1.2, transplant
SMR 2.6, ratio r = 2.17; with transplant set to 1, dialysis G2 = 0.46. Peak age about 85 years, matching the
fitted SEER plateau. The product reproduces both the inverted-U incidence curve and the dialysis–
transplant separation. The one-gate and two-gate models satisfy one of the two. The additive model
returns output when a gate is zero. Both interventions improved technical endpoints without changing
overall survival.

Conclusions
Permissiveness is a product gate. G2 sets the amplitude of incidence; G1 and G3 set the shape of the
age curve. Screening and treatment are directed at the lowest gate.

1 Introduction
Mutation realisation is controlled by three permissiveness gates, and age-specific incidence is the
readout of all three acting together. Cancer incidence rises with age, peaks at 80–90 years and then
falls.1–3 The multistage-senescence model describes this curve with a stage number k and a
senescence-suppression factor b: incidence rises as a power of age and is compressed by a senescence
term (1 − bt), so k and b jointly set the peak age.1 That model explains the shape of the curve. It does not
answer the next question: why does the same burden of driver mutations produce widely different
realisation rates across tissues, immune states and organ function?
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The dialysis–transplant contrast turns tissue permissiveness into a number. ANZDATA enrolled 52,936
dialysis patients and 16,820 transplant recipients; after excluding prior cancer, the SMR for incident
cancer was 1.2 during dialysis and 2.6 after transplantation.4 Both groups share a baseline of renal
impairment, and the difference concentrates in immunosuppression. Cancers that rise consistently after
transplantation cluster in virus-related and immune-controlled types; long-latency solid tumours do not
appear on that list.5 The separation shows that mutation supply is not the only determinant: the tissue
decides whether a clone is let through.

Normal-tissue sequencing pins intrinsic permissiveness at the other end. Driver mutations in KRAS and
TP53 are present in normal colonic mucosa, mostly as independent clones.6 TP53-mutant clones
accumulate with age in normal oesophagus but remain constrained by clonal competition; p53 mutation
alone does not initiate a tumour.7 The multistage-senescence model gives a mean k of 6.17 across 20
non-reproductive cancers. Driver gene counts average 1.74 (Iranzo) or 1.78 (Bailey); non-driver rate-
limiting steps are 4.43 or 4.39, 72% of the total.1 Even if every driver mutation were present at birth, 28%
of rate-limiting steps would remain. The model assigns the remaining 72% to non-driver stages and does
not allocate them across gates.

Four frameworks each explain one factor. Somatic mutation theory explains mutation supply.8 Clonal
evolution explains selection within G1.9 The multistage-senescence model explains the G1 × G3 age
curve and contains no G2.1 Immunoediting and tissue organisation theory explain how tissue selects
clones.8,10 None writes the three as a product. Age-specific incidence and the dialysis–transplant
separation therefore sit in two separate accounts, never produced by one parameter set.

We write the three gates as three estimable permissiveness variables: G1(t) for intrinsic, G2 for tissue
and G3(t) for systemic permissiveness. The three-gate product model is:

λ(t, G2) = λ0 × G1(t) × G2 × G3(t).

The model has four parameters: k, b, G2 and the scale λ0. k and b come from SEER, G2 from the
ANZDATA SMR ratio, and λ0 is fixed by incidence at the reference age. We test three things with the
same parameter set: whether the model reproduces the inverted U of age-specific incidence; whether it
reproduces the 2.17-fold dialysis–transplant separation; and whether it accounts for single-gate
intervention that improves technical endpoints without changing clinical endpoints.

2 Methods

2.1 Data sources
We used four published data sources (Table 1). First, the per-cancer parameters of the SEER 2010–2013
multistage-senescence model: stage number k, senescence-suppression factor b and peak age.1
Second, overall and site-specific cancer SMRs from the ANZDATA dialysis and transplant cohorts,4,5 and
lung-cancer risk by dialysis vintage and after transplantation.11 Third, driver-mutation clones in normal
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colon and normal oesophagus6,7 and two independent driver-gene counts.1 Fourth, intervention
controls: the PEGPH20 phase III trial HALO-301,12 and the anti-CD47 phase III trial,13 which we use as
external samples of single-gate intervention.

Table 1 Data sources and their roles

Source Content Role in this study

SEER 2010–2013
multistage-senescence
model1

k, b, peak age and driver gene counts
for 20 non-reproductive cancers

Estimate the stage term of
G1 and the senescence term
of G3

ANZDATA dialysis and
transplant cohorts4

52,936 dialysis patients and 16,820
transplant recipients; incident cancer
SMR

Estimate G2

ANZDATA site-specific
analysis5

Cancers that rise after dialysis and
after transplantation

Test the tissue specificity of
G2

Normal colon and
oesophagus
sequencing6,7

KRAS, TP53 and other driver-
mutation clones

Constrain mutation supply in
G1

HALO-301 12 PEGPH20 phase III; ORR, OS, PFS,
DOR

External sample of single-
gate intervention

Anti-CD47 studies and
phase III13-16

CD47 cis masking, regulation and
trial termination

External sample of single-
gate intervention

2.2 The three-gate product model
Let t be age, G1(t) intrinsic permissiveness, G2 tissue permissiveness and G3(t) systemic
permissiveness. Each takes values from 0 to 1; 0 is a closed gate and 1 a fully open gate. The model is:

λ(t, G2) = λ0 × G1(t) × G2 × G3(t).

The three terms are defined as follows.

G1(t) = (t/50)^(k−1), normalised to 1 at age 50. The exponent is k−1, matching ASR(t) = a × t^(k−1) × (1 −
bt) in the source model.1

G3(t) = (1 − bt)/(1 − 50b), normalised to 1 at age 50. The domain is 50 ≤ t ≤ 1/b; beyond 1/b the
senescence term turns negative and the model does not apply.

G2 is 1 for transplant and 1/r for dialysis, where r = SMR(transplant)/SMR(dialysis).

λ0 is the scale at age 50 with G2 = 1, fixed by incidence at the reference age. k and b come from SEER,
G2 from ANZDATA; λ0 is a scale, not a free fitted parameter.
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When G1, G2 and G3 take only 0 or 1, the product collapses to a Boolean AND gate: λ = λ0 when all three
are 1, and λ = 0 when any is 0. The truth table is the 0/1 limit of the product model (Table 5). “All three
required” and “continuous permissiveness” are two scales of one model.

The model rests on three assumptions. First, G1 is a stage-accumulation term; k summarises intrinsic
mechanisms and does not measure apoptosis or senescence directly. Second, G2 is a tissue multiplier
that does not change with age; if tissue permissiveness were age-dependent, the model would need
G2(t). Third, G3 is a senescence-execution term summarised by b; it does not separate organ function,
inflammation and metabolism as distinct sources.

2.3 Parameter estimation
We take k and b from the pooled values for 20 non-reproductive cancers: k = 6.17 and b = 0.0099 ±
0.0005 yr⁻¹.1 Non-driver rate-limiting steps = k − driver gene count = 4.43 (Iranzo) or 4.39 (Bailey), 72% of
the total.1

We estimate G2 from the ANZDATA SMR ratio: r = 2.6/1.2 = 2.17, G2(transplant) = 1.00 and G2(dialysis)
= 1/2.17 = 0.46. The parameter is calibrated directly from observed values, not fitted. The model then
predicts a transplant-to-dialysis incidence ratio of 2.17. That prediction is a consistency check, not
independent validation. We compare normalised curves and ratios rather than absolute incidence; λ0
serves only to align scale.

The fitted form Tp = k/[b(k+1)] gives a peak near 85 years for non-reproductive cancers.1 The
mathematical peak of the average-parameter curve, (k−1)/(bk) = 84.6 years, differs from the fitted
plateau by 0.4 years.

2.4 Model comparison
We compare four models:

1. One-gate: λ = λ0 × G1(t).

2. Two-gate: λ = λ0 × G1(t) × G3(t).

3. Additive: λ = λ0 × (G1 + G2 + G3).

4. Three-gate product: λ = λ0 × G1 × G2 × G3.

We apply three criteria: whether the model reproduces the inverted U of age-specific incidence; whether
it reproduces the 2.17-fold dialysis–transplant separation; and whether output falls to zero when any
gate is zero. We retain a model that meets all three and reject one that misses any. This is a structural
comparison. All four models share k and b, and we compare whether they produce the two phenomena
rather than AIC or likelihood ratios. Registry data carry no individual-level gate measurements, so a
goodness-of-fit comparison requires a prospective cohort.
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2.5 Evidence grading
We grade the evidence at three levels. Direct evidence: the SEER k and b and the ANZDATA SMRs, which
are published measurements or model parameters. Concordant evidence: the site-specific cancer list,
normal-tissue mutation clones, and the direction of the intervention controls. Model inference: the
functional forms of G1 and G3, the product structure, and the allocation of 4.43 steps across gates.

2.6 Ethics and data
The analysis uses public data and published literature. Table 2 carries every parameter needed to
recompute it.

3 Results

3.1 Gate 1: intrinsic permissiveness G1
Two lines of evidence constrain intrinsic permissiveness. First, driver mutations are already present in
normal tissue. Normal colonic mucosa carries KRAS and TP53 driver mutations, mostly as independent
clones.6 TP53-mutant clones accumulate with age in normal oesophagus but remain constrained by
clonal competition; p53 mutation alone does not initiate a tumour.7 Second, the rate-limiting-step
account: across 20 non-reproductive cancers the mean k is 6.17, driver gene counts average 1.74 or
1.78, and non-driver rate-limiting steps are 4.43 or 4.39, 72% of the total.1

Driver-mutant clones persist in normal tissue, so the G1 bottleneck lies in whether each stage becomes
rate-limiting, not in mutation supply. Clonal competition constrains p53-mutant clones in normal
oesophagus, and a single mutation does not initiate a tumour.7 G1 is multistep. The same model reports
that men have about 14% more stages and a 33% higher stage-transition rate than women;1 G1
accommodates the sex difference without a separate gate.

The three-gate model requires at least one rate-limiting step per gate. Three gates need at least three
non-driver steps, and the observed 4.43 meets that floor. 4.43 cannot be assigned uniquely to G1, G2 and
G3, and it does not distinguish three gates from four or five. The gate number is a model setting; the data
constrain the total, not the number of gates. Three gates are the smallest structure that satisfies the
floor.

G1(t) takes the multistage accumulation term, G1(t) = (t/50)^(k−1), normalised to 1 at age 50. With k =
6.17, Table 3 gives G1 at 60, 70, 80, 85, 90 and 95 years. G1 rises monotonically with age and cannot by
itself produce the decline at the oldest ages. Intrinsic mechanisms include replication stress, apoptosis,
senescence, ROS and ferroptosis;17-19 k summarises them in this model.

3.2 Gate 2: tissue permissiveness G2
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ANZDATA enrolled 52,936 dialysis patients and 16,820 transplant recipients. After excluding prior cancer,
the SMR for incident cancer was 1.2 during dialysis and 2.6 after transplantation.4 Both groups share a
baseline of renal impairment, and the difference concentrates in immunosuppression intensity. Cancers
that rise after transplantation cluster in virus-related and immune-controlled types; long-latency solid
tumours do not rise in parallel.5 Cancer risk after transplantation increases linearly with time on dialysis
(Ptrend = 0.02), and the risk of lung cancer is highest in recipients with the longest dialysis vintage (aHR
3.32, 95% CI 1.00-11.4).11 Oxidative DNA damage increases during dialysis;20,21 that gives concordant
evidence for G1 substrate accumulating while G2 stays closed.

G2 is calibrated from the SMR ratio: r = 2.6/1.2 = 2.17, G2(transplant) = 1.00 and G2(dialysis) = 0.46. The
model predicts a transplant-to-dialysis incidence ratio of 2.17, which matches the observed value. That
agreement follows from calibration; the independent information lies in the site-specific pattern. Tissue
permissiveness should vary by tissue rather than scale every cancer equally.

The site-specific pattern constrains the model further. Across the two immunosuppressed cohorts, the
cancers that rise consistently are NMSC, non-Hodgkin lymphoma, and cancer of the lip, kidney, larynx
and thyroid. Long-latency solid tumours — lung, breast, colorectal, gastric, prostate, pancreatic and
ovarian — do not appear on that list.5 A single multiplier shared by all cancers would scale every type
equally; in the data, virus-related and immune-controlled cancers rise first. The site-specific pattern
shows that G2 varies by tissue. The present model uses one average G2 for all cancers and does not
capture this heterogeneity; systemic immunosuppression accounts for part of it.

Tissue permissiveness draws on antigen presentation, NK/CD8 killing, Treg/MDSC suppression,
CAF/ECM barriers, normal stem-cell competition, perfusion and lymphatic drainage.10,22,23
Environmental normalisation experiments support its manipulability. Teratocarcinoma nuclei participate
in normal development in a normal embryonic environment.24 Transformed liver epithelial cells regress
after transplantation back into liver.25 Young mammary stroma normalises mammary tumour cells; old
stroma does not.26 The embryonic neural-crest microenvironment reprograms multipotent tumour
cells.27 The same cells change fate when only the environment changes. Clones stay silent in tissue for
years until the systemic window opens;28 that is G2 held low while G3 is not yet open.

3.3 Gate 3: systemic permissiveness G3
G3(t) takes the senescence-execution term, G3(t) = (1 − bt)/(1 − 50b), normalised to 1 at age 50, with b =
0.0099 ± 0.0005 yr⁻¹.1 Table 3 gives G3 at 60, 70, 80, 85, 90 and 95 years. G3 falls with age; on its own it
cannot produce the inverted U, because G1 rises monotonically, G3 falls monotonically, and their product
peaks in between.

b is nearly constant across 20 non-reproductive cancers with different aetiologies; 1/b is about 101
years.1 We attribute this constancy to a shared G3 decay term that crosses cancer types. In the model,
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the post-peak decline comes from the G3 execution term: at the same mutation burden, lower organ
function and metabolic execution give a lower realisation rate.

The fitted peak is about 85 years;1 the mathematical peak of the average-parameter curve is 84.6 years,
0.4 years below the fitted plateau. The decline at the oldest ages comes from the G3 execution term:
mutation supply keeps rising with age while realisation falls with execution capacity.

Systemic permissiveness includes organ function, systemic inflammation, substrate and energy,
neuroendocrine state, circadian rhythm and acute events. The postoperative window is an acute version
of G3: in animal models, surgery awakens distant dormant tumours;29 extracellular vesicles from early
lung cancer carry increased CD47.30 G3 is a systemic state that moves with organ function,
inflammation and acute events, not with age alone.

3.4 The three-gate product
Multiplying the three terms gives λ(t, G2) = λ0 × G1(t) × G2 × G3(t).

Normalised to age 50, G1 × G3 takes the values 2.06, 3.46, 4.68, 4.88, 4.51 and 3.25 at 60, 70, 80, 85, 90
and 95 years (Table 3, Figure 1). The product peaks at 85 years and then falls. The inverted U comes
from the opposing directions of G1 and G3; no additional old-age suppression parameter is needed.

G2 changes amplitude, not shape. In the product model G2 is a multiplier, so the dialysis and transplant
age curves have the same shape and differ only by scale. The prediction is directly testable: if the two
curves differ in shape, G2 must be written as G2(t) and the model needs a tissue-specific time term. We
have no individual age-specific transplant cancer data.

Sensitivity analysis gives the parameter range. With k between 5.9 and 6.5 and b between 0.0095 and
0.0103 yr⁻¹, the mathematical peak of the average-parameter curve falls between 80.6 and 89.1 years.
With SMRs between 1.1 and 1.3 for dialysis and between 2.4 and 2.8 for transplant, r falls between 1.85
and 2.55 and G2(dialysis) between 0.39 and 0.54. Peak position and the direction of the twofold
separation do not change.

At the 0/1 limit the product becomes an AND gate (Table 5): only 1-1-1 gives output 1, and the other
seven rows give 0.

3.5 Model comparison and external samples
Table 4 compares the four models. The one-gate model has only G1; its age curve rises monotonically
and shows no decline at the oldest ages; rejected. The two-gate model G1 × G3 produces the inverted U
but not the dialysis–transplant separation; rejected. The additive model G1 + G2 + G3 produces both the
inverted U and the separation; it still returns non-zero output when a gate is zero, so it fails the boundary

Page 8/17



condition; rejected. The three-gate product meets all three criteria — inverted U, 2.17-fold separation,
zero output at a zero gate; retained.

Two trials provide external samples of single-gate intervention. In HALO-301, PEGPH20 raised the
objective response rate from 36% to 47%. Median overall survival was 11.2 versus 11.5 months, median
progression-free survival 7.1 versus 7.1 months, and duration of response did not improve. Toxicity
increased: fatigue 16.0% versus 9.6%, muscle spasm 6.5% versus 0.6%, and hyponatraemia 8.0% versus
3.8%.12 CD47 masks pro-phagocytic ligands in cis and forms a ratio with eat-me ligands;14 pro-
inflammatory signalling reaches CD47 through a super-enhancer;15 and HIF-1 regulates CD47.16 Natural
products have acted on the CD47 axis in three experimental models.31-33 The anti-CD47 phase III trial
was terminated.13 Each intervention hits one link: matrix breakdown or the don’t-eat-me signal. In the
product model the effect of a single-gate intervention is scaled by the product of the other two gates;
when those two are limiting, a single-link improvement does not change total output. Response rate
reads one link; overall survival reads the product. The separation between them follows.

Table 2 Parameters of the three-gate model

Parameter Meaning Estimate Source and method

k Number of rate-limiting
stages

6.17 SEER multistage-
senescence model1

b Senescence-suppression
factor

0.0099 ± 0.0005 yr⁻¹ SEER fit1

Driver genes Number of driver
mutations

1.74 (Iranzo) / 1.78
(Bailey)

Literature count1

Non-driver
steps

k — driver genes 4.43 / 4.39 (72%) Calculated1

r Tissue permissiveness
ratio

2.17 SMR 2.6/1.24

G2 (dialysis) Dialysis tissue
permissiveness

0.46 1/r, normalised

G2
(transplant)

Transplant tissue
permissiveness

1.00 Normalised

Tp Peak age 85 years SEER per-cancer fit1

Table 3 Normalised permissiveness predicted by the model
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Age (years) G1 G3 G1 × G3

50 1.00 1.00 1.00

60 2.57 0.804 2.06

70 5.69 0.608 3.46

80 11.36 0.412 4.68

85 15.54 0.314 4.88

90 20.88 0.216 4.51

95 27.62 0.118 3.25

Table 4 Comparison of four models

Model Inverted
U

Dialysis-transplant
separation

Zero output at a zero
gate

Verdict

One-gate G1 No No Cannot express: no
G2 or G3

Rejected

Two-gate G1 × G3 Yes No Cannot express: no
G2

Rejected

Additive G1 + G2 + G3 Yes Yes No Rejected

Three-gate product G1 ×
G2 × G3

Yes Yes Yes Retained

Table 5 Boolean limit of the three-gate product model

G1 G2 G3 λ

0 0 0 0

1 0 0 0

1 1 0 0

1 1 1 λ0

1 0 1 0

0 1 1 0

0 0 1 0

0 1 0 0

4 Discussion
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4.1 Main findings
We write three-gate permissiveness as a four-parameter product model: λ = λ0 × G1 × G2 × G3, with k = 
6.17, b = 0.0099, G2 ratio = 2.17 and Tp = 85 years. The model reproduces both the inverted-U age curve
and the dialysis–transplant separation. The one-gate and two-gate models satisfy one of the two, and
the additive model fails the zero-gate boundary. At the 0/1 limit the product becomes an AND gate.

4.2 Mechanisms of the three gates
G1 is intrinsic self-limitation: replication stress, apoptosis, senescence, ROS and ferroptosis.17–19
Driver mutations are already present in normal tissue, and most clones are held by these
programmes.6,7 G1 decides whether a mutant cell bypasses them; it does not decide whether mutation
exists.

G2 is tissue constraint: antigen presentation, NK/CD8 killing, Treg/MDSC suppression, CAF/ECM
barriers, normal stem-cell competition, perfusion and lymphatic drainage.10,22,23 Environmental
normalisation experiments show that the same cells change fate when the environment changes.24–27
Transplantation immunosuppression raises G2: with transplant set to 1.00 and dialysis to 0.46, the
transplant group has 2.17 times the cancer SMR of the dialysis group.4,5

G3 is systemic permissiveness: organ function, systemic inflammation, substrate and energy,
neuroendocrine state, circadian rhythm and acute events. We read b as the projection of G3 onto the age
axis;1 the postoperative window is an acute version of G3.29,30 G3 falls through execution capacity
while mutation supply keeps rising.

The three gates multiply in either order, and each has its own site: G1 inside the cell, G2 at the tissue
interface, and G3 at the level of the whole organism. A clone is realised when all three are non-zero
within the same time window. The product describes the condition for realisation, not the order of
events; order requires individual longitudinal data.

4.3 Four frameworks each explain one factor, the product
explains two phenomena
Somatic mutation theory explains mutation supply.8 Clonal evolution explains selection within G1.9 The
multistage-senescence model explains the G1 × G3 age curve and contains no G2.1 Immunoediting and
tissue organisation theory explain how tissue selects clones.8,10 Each explains one factor; none writes
the three as a product. The three-gate model places all four in one product.

The difference from the additive model is the boundary. The additive model returns output when a gate is
zero; the product returns zero. HALO-301 and the anti-CD47 trial match the product: single-gate
endpoints improve and overall survival does not, which shows that the other two gates were still
limiting.12,13
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The three-gate product is isomorphic to the multistage-senescence model. That model’s ASR = a × t^(k − 
1) × (1 − bt) is the unnormalised form of G1(t) × G3(t); the three-gate model extends it to three factors
and adds the tissue term G2.

The model makes four testable predictions. First, the dialysis and transplant age-specific incidence
curves have the same shape and differ only by scale; a difference in shape would mean that G2 is not a
single multiplier. Second, a G2 intervention changes amplitude but not peak age, while a G1 or G3
intervention changes peak age. Third, the effect of a single-gate intervention on overall survival depends
on the other two gates; when those are limiting, the effect approaches zero. Fourth, in independent
cohorts, tissues with higher G2 show higher SMRs for virus-related and immune-controlled cancers, and
long-latency solid tumours have lower G2.

4.4 Clinical implications
A G2 intervention changes amplitude, not the shape of the age curve. Immune restoration, stromal reset
and perfusion reconstruction belong to G2; they lower post-transplant cancer incidence without shifting
the peak age. A G1 intervention changes the rising limb; a G3 intervention changes the decline at the
oldest ages.

Pre-malignant screening has three levels. The G1 level reads driver-mutant clones in normal tissue and
intrinsic execution markers;6,7 the G2 level reads immune composition, ECM and perfusion; the G3 level
reads organ function, inflammation and metabolism. The three levels read together identify which gate
an individual is missing. A single level reports the state of one gate and does not give the product.

Treatment is directed by gate. The model’s criterion is that the lowest gate sets where the intervention
goes. The effect of an intervention elsewhere is scaled by the value of that lowest gate, which matches
the rise in response rate without a change in overall survival in HALO-301.

A herbal compound formula carries multiple components and can cover all three gates, unlike a single-
target drug that covers one. Coverage is not the product: a formula must first establish which gate each
component acts on, and only then address combination. Adding three groups of herbs together returns
the additive model.

4.5 The boundaries of the model follow from the data level
G1 summarises the stage number k and does not separate the contributions of apoptosis, senescence,
ROS and ferroptosis; the model merges them into one rate-limiting-step count. G2 is calibrated from an
SMR ratio, and SMR is a cancer-mortality endpoint; the interpretation of G2 is therefore limited to the
tissue permissiveness that corresponds to cancer mortality. Calibration assumes that the dialysis and
transplant groups share G1 and G3 at the same age; differences in comorbidity, dialysis vintage and
immunosuppressive regimen enter the estimate of G2.

Data level sets the time resolution. SEER and ANZDATA are population registries, and the model’s time
window is at population level; an individual-level window requires a prospective cohort. The functional
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forms of G1 and G3 are model settings; k and b vary with the model family, and another multistage
model would give different parameter values. The 4.43 non-driver steps give a lower bound on the total,
not an allocation across gates and not a gate count.

The order of G2 and G3 is not identifiable; the model requires only that both are non-zero within the same
time window, and registry data cannot determine which comes first.

5 Conclusions
Permissiveness is a product gate: G1, G2 and G3 must all hold for a mutation to be realised as an
expanded clone, and a zero at any gate gives zero output. The four parameters — k = 6.17, b = 0.0099, G2
ratio = 2.17 and Tp = 85 years — come from public data and can be recomputed from Table 2. G2 sets the
amplitude of incidence; G1 and G3 set the shape of the age curve. Pre-malignant screening and
treatment are directed by gate: identify which gate an individual is missing, then restore that gate. Killing
clones locally changes one term; the other two still limit total output.
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Figures

Figure 1

Structure and age curves of the three-gate product model

A: the three gates converge on a product node. B: normalised age curves of G1, G3 and G1 × G3; the
product peaks at 85 years.

Page 16/17



Page 17/17


