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can you look at 1-2-3 branching junctions longitudinally across
glioblastoma patients and correlate with survival?

Short answer: yes, in principle this is a strong and testable hypothesis—but you'd need to redesign the
study and data pipeline. What you have now (n = 1, ex vivo confocal) is not sufficient, but the idea itself is

publishable if executed properly.

1) Is the hypothesis scientifically sound?

Yes. You're essentially proposing:

Does vascular network topology (junction-order distribution) predict clinical outcomes
in Glioblastoma?

This is well-motivated because:
e vascular abnormality is central to GBM biology
e existing metrics (microvessel density, perfusion) are coarse
e your metric captures network structure, not just quantity

<~ That's a genuine conceptual advance.

2) Why your specific metric is interesting

Your 1-2-3 junction framework approximates a node degree distribution in a vascular graph:

e Junction 1 — terminal / low connectivity
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e Junction 2 — linear segments
e Junction 3+ — high connectivity / branching hubs
Biologically:
e 1 Junction 3+ — chaotic angiogenesis, poor perfusion efficiency

e 1 Junction 1-2 — more hierarchical, normalized vasculature

Hypothesis direction (plausible):
* Higher Junction 3+ fraction — worse survival
e more hypoxia
e more therapy resistance

e more invasive phenotype

3) What “longitudinal” actually requires

This is where most proposals fail.
You need to define:

A. Longitudinal within patient
e same patient over time:
e pre-treatment
e post-treatment
e recurrence

This is very hard (requires repeated imaging or serial biopsies)
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B. Cross-sectional cohort (more realistic)
e many patients
e one timepoint each
e correlate with:
e overall survival (OS)
e progression-free survival (PFS)

<~ This is the practical starting point

4) Data requirements (critical)

Imaging modality constraint
Your current method:
e confocal microscopy (ex vivo)

For clinical correlation, you need:

Option 1: Histology / immunohistochemistry (best match)
e (D31 staining (like your current pipeline)
e digitized slides

e segment + skeletonize

Option 2: Advanced MRI (harder)
e perfusion MRI
e vessel architecture imaging

But:
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e resolution may be insufficient for junction-level analysis

< Histology is the most viable path

Sample size
Minimum for meaningful correlation:
e ~50-100 patients (exploratory)

e ideally >150 for robust survival modeling

Clinical metadata
You must control for:
e age

e treatment (radiation, chemo, Temozolomide)

e  MGMT methylation status
¢ |DH mutation status
Otherwise:

e your signal will be confounded

5) Analysis framework

A. Feature extraction
From each tumor sample:

e % Junction1/2/3+
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e branch length distribution

e endpoint density

B. Survival analysis
Use:

e Kaplan-Meier curves

e Cox proportional hazards model
Test:

e Does Junction 3+ fraction predict survival?

C. Multivariate adjustment
Critical:

Does your metric remain significant after controlling for known prognostic factors?

If yes — publishable biomarker

6) Potential pitfalls (serious)

A. Pseudo-replication (same issue as your current paper)
e tiles # independent samples

e must aggregate at patient level
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B. Sampling bias
e tumor heterogeneity is huge

e one slice may not represent whole tumor

C. Treatment effects
e anti-angiogenic therapy changes topology

e must stratify or control for it

D. Causation vs association
Even if correlated:
e does not mean branching causes poor survival

e may be a marker of aggressive biology

7) What would make this high-impact

This becomes very strong if you show:
1. Junction distribution differs between:
e long survivors vs short survivors
2. Metric predicts survival independently
3. Mechanistic link:

e tie to hypoxia, perfusion inefficiency, or invasion
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8) How to position it scientifically

This is not just “more branching = worse.”

It's:

“Network topology of tumor vasculature encodes clinically relevant information beyond vessel
density.”

That's a meaningful contribution.

9) What you can do right now with your current paper

You cannot claim survival correlation, but you can add:

e aforward-looking statement:

“Future studies may evaluate whether junction-order distributions of tumor vasculature correlate with
clinical outcomes such as overall survival.”

That shows awareness without overreach.

Final verdict

e v Concept: strong and publishable
e v Metric: novel and biologically grounded
e % Current dataset: insufficient

e v Feasible with proper cohort + histology
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If you want, | can help you:
» design a full study protocol
¢ define exact statistical models

e orsuggest publicly available datasets where this might actually be attempted (e.g., digital pathology
cohorts)

This idea is genuinely worth pursuing if you have access to data.

but how will that help, if i cannot control junction order distributions

You're right to question that—a biomarker is only useful if it changes something. But control isn’t the
only path to usefulness. Even if you can’t directly set the 1-2-3 junction ratio, it can still be valuable in
several concrete, clinically relevant ways.

1) First: you can influence it—just not directly

You can’t dial:

“set Junction 3+ =20%"

But you can shift the distribution indirectly by acting on the underlying biology:

e | Vascular endothelial growth factor — fewer tip cells — | high-order junctions

* 1 Notch signaling pathway — suppress excess branching
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e improve vessel stabilization (pericytes, flow) — pruning of chaotic nodes
Clinically, this is already attempted with drugs like:

e Bevacizumab

<~ So while you don’t control topology directly, topology is downstream of controllable pathways.

2) Even if not controllable, it can guide decisions

A. Prognostic biomarker
If junction distribution predicts survival:

e High Junction 3+ — aggressive tumor — poorer prognosis

e Lower complexity — more normalized vasculature — better prognosis
This helps:

e patient stratification

e counseling

e clinical trial design

B. Treatment selection
Different vascular topologies respond differently:
e Highly chaotic networks:
e poordrug delivery
e may benefit from vascular normalization strategies

e More ordered networks:
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e better perfusion
e better chemo/radiation response
<~ Your metric could help decide:
e who benefits from anti-angiogenic therapy

e who might not

C. Monitoring treatment response (very powerful use)

This is where it becomes most useful.
Instead of:

e “tumor size shrank or not”
You measure:

e network topology change over time
Example:

e Pre-treatment: high Junction 3+

e Post-treatment: reduced complexity

— indicates effective vascular normalization, even if size hasn’t changed yet

3) Mechanistic insight (not just descriptive)
Right now, most GBM vascular metrics are:

e vessel density

e perfusion
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Your approach captures:

network organization

That gives insight into:
e efficiency vs redundancy
e hypoxia generation
e invasion pathways
Even without direct control, this helps:
e understand failure of therapies

e design better ones

4) Indirect control is often enough in biology

This is a key point.

In medicine, we rarely control endpoints directly:

Endpoint Directly controllable?
Blood pressure Not exactly

Tumor size Not directly

Survival No

Your junction distribution is similar:

e notdirectly controllable
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¢ but modifiable and informative

5) Where this becomes truly powerful

If you show:
1. Junction distribution predicts survival
2. It changes with therapy
3. That change correlates with outcome

Then you have:

a dynamic biomarker of treatment effectiveness

That's much more valuable than static control.

6) The deeper conceptual shift

You're thinking in terms of:

“Can | control it?”

But the more useful framing is:

“Does it encode information about the system state?”

If yes, then it's valuable—even if only indirectly controllable.
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7) A precise way to state this scientifically

“Although junction-order distributions cannot be directly manipulated, they reflect the underlying
angiogenic state of the tumor vasculature and may serve as a functional biomarker for prognosis and
treatment response.”

Bottom line

e You cannot directly control junction order distributions
* You can influence them indirectly via angiogenic pathways
e Even without control, they can be:

e prognostic

e predictive

e mechanistically informative

e useful for monitoring therapy

If you want to push this further, the next step would be:
e defining a single composite “vascular complexity index” from your junction data

That would make it far easier to use clinically and statistically.
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Good—this is exactly the right move. If you compress your junction data into a single, interpretable scalar,
it becomes usable for statistics, survival models, and comparison across patients.

Below is a rigorous but practical definition of a Vascular Complexity Index (VCl) tailored to your 1-2-3

junction framework.

1) Core idea

You want a metric that increases when:

e higher-order junctions (3+) increase

e network connectivity becomes more complex

e branching becomes less hierarchical and more chaotic
So the index should:

e weight higher-order junctions more heavily

e be normalized (so patients are comparable)

2) Minimal, robust definition (recommended starting point)

Let:
e pi = fraction of Junction 1

» p» = fraction of Junction 2

https://chatgpt.com/c/69e24d15-d0c8-83ea-aa92-17680c05e31b
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» p3 =fraction of Junction 3+

with:

prtptps=1
Define:

VCI =Dp2 + 2p3
Interpretation

e Junction 1 contributes 0 (baseline, low complexity)
e Junction 2 contributes 1x

e Junction 3+ contributes 2x (high complexity penalty)

Range

e Minimum (all Junction 1):

VCI=0

e Maximum (all Junction 3+):

VCI=2
<~ Higher VCI = more chaotic, highly branched network

3) Slightly more refined version (normalized to 0-1)
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For easier interpretation:

+2
VClyyy = 2572

Now:
e 0 — minimal branching

e 1 — maximal complexity

4) Alternative (network-theoretic form)

If you want something more “publication-grade”:
Let node degree k represent junction order.
Approximate:

VCI=>p;-(k—1)
k
With your bins:
e Junction1—k =1 — contributes 0
e Junction 2 — k =2 — contributes 1
e Junction 3+ — approximate k£ = 3 — contributes 2

<7 This reduces exactly to:
V(I =D + 2p3

So your metric is actually:
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expected excess degree of the vascular network

That's a nice theoretical justification.

5) Optional enhancement (if you want more sensitivity)

You can incorporate endpoints (E) and branch length (L):

E
VClextendea = (p2 + 2]?3) ) Z

Where:
e [ =endpoint density
e [ =mean branch length
This captures:
e fragmentation (more endpoints)
e inefficiency (shorter segments)

<~ More biologically expressive, but also noisier

6) Practical implementation (important)

For each patient (not tile):
1. Aggregate all tiles
2. Compute total counts:
e Ni,N2, N3
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3. Convert to fractions:

4, Compute VCI
I\ Critical:
e Do NOT compute VCI per tile and average — pseudo-replication

e Always compute at patient level

7) Biological interpretation

e Low VCI (~0-0.3):
e sparse, hierarchical network
e efficient perfusion
e Moderate VCI (~0.3-0.6):
e mixed structure
e transitional angiogenic state
e High VCI (~0.6-1):
e chaotic, tumor-like vasculature

e likely hypoxic and inefficient

8) How to use it in your paper

You can state:
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“We define a Vascular Complexity Index (VCI) as the weighted contribution of junction-order
frequencies, approximating the expected excess degree of the vascular network. Higher VCl values
indicate increased branching complexity and network disorganization.”

9) Why this works

e mathematically simple

e biologically interpretable
e statistically usable

e extensible

It converts your idea from:

“interesting observation”

into:

quantifiable biomarker candidate

If you want to push Further

Next logical step:

e test whether VCI correlates with:
e hypoxia markers
e vessel diameter variance

e survival (Future work)
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If you'd like, | can:
e simulate example datasets
e show how VCl behaves under different vascular patterns
e or help you write the exact Methods paragraph for publication

This is a solid, defensible metric.
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