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separate white background visualization scripts”

Prompt 43b1:

Based on the included comprehensive analysis of the 100,000-patient triplicate simulation study evaluating novel
therapies for advanced Pancreatic Ductal Adenocarcinoma (PDAC), please generate 10 separate visualization scripts in
Python that effectively communicate the key clinical findings, validation results, and methodological insights from this
virtual trial. The visualizations should help stakeholders understand the efficacy-toxicity trade-offs, biomarker
importance, and robustness of the simulation methodology.

Please create the following visualizations using Python:

01) Kaplan-Meier Survival Curves: Display overall survival curves for all 5 treatment arms with median OS values and
confidence intervals annotated

02) Forest Plot of Hazard Ratios: Show OS and PFS hazard ratios with 95% Cls for Arms A-D versus control Arm E to
visualize treatment effects

03) Stacked Bar Chart of Adverse Events: Compare Grade 3+ adverse event rates across all 5 arms highlighting the
efficacy-toxicity trade-off

04) Heatmap of Archetype-Specific Outcomes: Display median OS across 7 patient archetypes and 5 treatment arms to
identify subgroup benefits

05) Radar Chart of External Validation: Compare simulated control arm metrics against Flatiron real-world data for OS%
at multiple timepoints and ECOG distribution


https://creativecommons.org/licenses/by/4.0/

06) Box Plot of Cross-Trial Reproducibility: Show the distribution of key metrics across the three simulation runs
demonstrating consistency

07) Waterfall Plot of KRAS G12C Response: lllustrate the differential treatment benefit for KRAS G12C patients across
arms containing versus not containing Daraxonrasib

08) Scatter Plot Matrix of Al Model Agreement: Display pairwise correlations between the 5 Al models' consistency
scores with clustering patterns

09) Sankey Diagram of Patient Flow: Visualize patient allocation across arms and progression through key clinical
milestones including death and progression events

10) Combined Efficacy-Safety Bubble Plot: Plot median OS versus Grade 3+ AE rates for all arms with bubble size
representing patient numbers to aid treatment selection decisions.
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Prompt 43b2:

Based on the included comprehensive analysis of the 100,000-patient triplicate simulation study evaluating novel
therapies for advanced Pancreatic Ductal Adenocarcinoma (PDAC), please generate 10 separate white background
visualization scripts in Python that effectively communicate the key clinical findings, validation results, and
methodological insights from this virtual trial. The visualizations should help stakeholders understand the efficacy-toxicity
trade-offs, biomarker importance, and robustness of the simulation methodology.

Please create the following visualizations using Python:

01) Kaplan-Meier Survival Curves: Display overall survival curves for all 5 treatment arms with median OS values and
confidence intervals annotated

02) Forest Plot of Hazard Ratios: Show OS and PFS hazard ratios with 95% Cls for Arms A-D versus control Arm E to
visualize treatment effects

03) Stacked Bar Chart of Adverse Events: Compare Grade 3+ adverse event rates across all 5 arms highlighting the
efficacy-toxicity trade-off

04) Heatmap of Archetype-Specific Outcomes: Display median OS across 7 patient archetypes and 5 treatment arms to
identify subgroup benefits

05) Radar Chart of External Validation: Compare simulated control arm metrics against Flatiron real-world data for OS%
at multiple timepoints and ECOG distribution

06) Box Plot of Cross-Trial Reproducibility: Show the distribution of key metrics across the three simulation runs
demonstrating consistency

07) Waterfall Plot of KRAS G12C Response: lllustrate the differential treatment benefit for KRAS G12C patients across
arms containing versus not containing Daraxonrasib



08) Scatter Plot Matrix of Al Model Agreement: Display pairwise correlations between the 5 Al models' consistency
scores with clustering patterns

09) Sankey Diagram of Patient Flow: Visualize patient allocation across arms and progression through key clinical
milestones including death and progression events

10) Combined Efficacy-Safety Bubble Plot: Plot median OS versus Grade 3+ AE rates for all arms with bubble size
representing patient numbers to aid treatment selection decisions.
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Generation 57b1 (Formatted)
Opus 4 Extended
26348 characters. 3 minutes 35.06 seconds

Start Report

01) Kaplan-Meier Survival Curves
Python

import numpy as np
import matplotlib.pyplot as plt
from matplotlib.patches import Rectangle

import seaborn as sns

# Set style

plt.style.use('seaborn-v@_8-darkgrid"')



sns.set_palette("husl")

# Define survival parameters based on the study data

arms = {

"Arm A:

"Arm B:
"#3498db' },

"Arm C:
"#2ecc71'},

"Arm D:
"#f39c12'},

"Arm E:
'#95a5a6 ' }

Triplet': {'median_os': 8.7, 'hr': 0.69, 'color': '#e74c3c'},

Mitazalimab + lipo-IRI': {'median_os': 7.8, 'hr': ©.77, 'color':

Daraxonrasib + lipo-IRI': {'median_os': 7.5, 'hr': 0.80, 'color':

Daraxonrasib + Mitazalimab': {'median_os': 8.0, 'hr': ©0.76, 'color':

Control (nal-IRI + 5-FU)': {'median_os': 6.1, 'hr': 1.0, 'color':

# Generate time points

time_points

= np.linspace(0, 24, 100)

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))

# Plot Kaplan-Meier curves



for arm_name, arm_data in arms.items():

# Calculate survival probability using exponential model

lambda_param = np.log(2) / arm_data[ 'median_os"']

survival_prob = np.exp(-lambda_param * time_points)

# Add confidence intervals (simulated)

ci_lower = survival_prob - 0.062

ci_upper = survival_prob + 6.02

# Plot main survival curve

ax.plot(time_points, survival_prob, label=f"{arm_name} (Median OS:
{arm_datal[ 'median_os']} mo)",

linewidth=2.5, color=arm_data[ 'color'])

# Add confidence interval

ax.fill_between(time_points, ci_lower, ci_upper, alpha=0.2,
color=arm_data[ 'color'])

# Add median OS marker

ax.plot([@, arm_data['median_os']], [0.5, ©.5], '--', color=arm_data['color'],
alpha=0.5)



ax.plot([arm_data[ 'median_os'], arm_data[ 'median_os']], [@, ©.5], '--',
color=arm_data[ 'color'], alpha=0.5)

# Customize plot

ax.set_xlabel('Time (months)', fontsize=14)

ax.set_ylabel('Overall Survival Probability', fontsize=14)

ax.set_title('Kaplan-Meier Overall Survival Curves\n100,000-Patient PDAC Virtual
Trial', fontsize=16, fontweight='bold")

ax.set_xlim(0, 24)

ax.set_ylim(@, 1.0)

ax.grid(True, alpha=0.3)

ax.legend(loc="upper right', fontsize=10)

# Add annotations

ax.text(0.02, 0.98, 'N=20,000 per arm', transform=ax.transAxes,

fontsize=10, verticalalignment='top', bbox=dict(boxstyle='round",
facecolor="'wheat', alpha=0.5))

plt.tight_layout()

plt.savefig('@1_kaplan_meier_survival_curves.png', dpi=300, bbox_inches='tight"')

plt.show()



02) Forest Plot of Hazard Ratios

Python

import matplotlib.pyplot as plt

import numpy as np

# Data for forest plot
treatments = ['Arm A: Triplet', 'Arm B: Mitazalimab +\nlipo-IRI',

"Arm C: Daraxonrasib +\nlipo-IRI', 'Arm D: Daraxonrasib
+\nMitazalimab']

# Hazard ratios and confidence intervals
os_hr = [0.69, 0.77, 0.80, 0.76]

[0.66, ©.74, 0.77, 0.73]

os_ci_lower

os_ci_upper [6.72, ©.80, ©.83, 0.79]

pfs_hr = [0.65, ©0.73, 0.76, 0.72] # Estimated based on typical PFS/0S relationship

pfs_ci_lower [0.62, ©.70, 0.73, 0.69]

[0.68, ©.76, 0.79, 0.75]

pfs_ci_upper

# Create figure with subplots

fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(14, 8), sharey=True)



# Function to create forest plot
def create_forest_plot(ax, hrs, ci_lower, ci_upper, title, color):
# Plot hazard ratios and confidence intervals

y_positions = np.arange(len(treatments))

# Plot confidence intervals

for i, (hr, lower, upper) in enumerate(zip(hrs, ci_lower, ci_upper)):
ax.plot([lower, upper], [i, i], 'k-', linewidth=2)
ax.plot([lower, lower], [i-©0.1, i+0.1], 'k-', linewidth=2)

ax.plot([upper, upper], [i-0.1, i+08.1], 'k-', linewidth=2)

# Plot hazard ratio points

ax.scatter(hrs, y_positions, s=200, color=color, edgecolors='black"',
linewidth=2, zorder=3)

# Add reference line at HR=1

ax.axvline(x=1.0, color='red', linestyle='--', alpha=0.5, label='No effect
(HR=1.0)")

# Add text annotations



for i, (hr, lower, upper) in enumerate(zip(hrs, ci_lower, ci_upper)):

ax.text(1.15, i, f'HR: {hr:.2f}\n95% CI: [{lower:.2f}-{upper:.2f}]",

fontsize=10, va='center')

# Customize plot

ax.set_yticks(y_positions)

ax.set_yticklabels(treatments)

ax.set_xlabel('Hazard Ratio (vs Control)', fontsize=12)

ax.set_title(title, fontsize=14, fontweight='bold")

ax.set_xlim(@.5, 1.3)

ax.grid(True, axis='x"', alpha=0.3)

# Add favors labels

ax.text(0.55, -1.2, '— Favors Treatment', fontsize=10, ha='left')

ax.text(1.25, -1.2, 'Favors Control -', fontsize=10, ha='right')

# Create 0S forest plot

create_forest_plot(ax1, os_hr, os_ci_lower, os_ci_upper, 'Overall Survival',
'#3498db ")



# Create PFS forest plot

create_forest_plot(ax2, pfs_hr, pfs_ci_lower, pfs_ci_upper, 'Progression-Free
Survival', '#2ecc71')

# Overall title

fig.suptitle('Forest Plot: Hazard Ratios vs Control (Arm E)\n100,000-Patient PDAC
Virtual Trial',

fontsize=16, fontweight='bold")

plt.tight_layout()
plt.savefig('02_forest_plot_hazard_ratios.png', dpi=300, bbox_inches='tight")

plt.show()

03) Stacked Bar Chart of Adverse Events

Python

import matplotlib.pyplot as plt

import numpy as np

# Treatment arms
arms = ['Arm A:\nTriplet', 'Arm B:\nMitazalimab +\nlipo-IRI',

"Arm C:\nDaraxonrasib +\nlipo-IRI', 'Arm D:\nDaraxonrasib +\nMitazalimab',



"Arm E:\nControl']

# Adverse event rates (estimated based

grade_3_4_ae [94, 88, 85, 82, 76.5]

grade_1_2_ae [5, 10, 12, 15, 20]

no_ae = [1, 2, 3, 3, 3.5]

# Median 0S for annotation

median_os = [8.7, 7.8, 7.5, 8.0, 6.1]

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))

# Create stacked bar chart

X = np.arange(len(arms))

width = 0.6

# Plot bars

p1 = ax.bar(x, grade_3_4_ae, width, label='Grade 3-4 AEs', color='#e74c3c',

alpha=0.8)

on provided data)

# Grade 3+ AE rates

# Lower grade AEs

# No significant AEs



p2 = ax.bar(x, grade_1_2_ae, width, bottom=grade_3_4_ae, label='Grade 1-2 AEs',

color="#f39¢c12', alpha=0.8)

p3 = ax.bar(x, no_ae, width, bottom=np.array(grade_3_4_ae)+np.array(grade_1_2_ae),

label="No Significant AEs', color='#2ecc71', alpha=0.8)

# Add 0S annotations on top of bars

for i, (arm, os) in enumerate(zip(arms, median_os)):

ax.text(i, 102, f'0S: {os} mo', ha='center', va='bottom', fontweight='bold',
fontsize=10)

# Add percentage labels on Grade 3-4 segments

for i, (rect, pct) in enumerate(zip(p1, grade_3_4_ae)):

height = rect.get_height()

ax.text(rect.get_x() + rect.get_width()/2., height/2,

f'{pct}%', ha='center', va='center', fontweight='bold', color='white',
fontsize=12)

# Customize plot

ax.set_ylabel('Percentage of Patients (%)', fontsize=14)

ax.set_xlabel('Treatment Arms', fontsize=14)

ax.set_title('Adverse Event Profile vs Efficacy Trade-off\n100,000-Patient PDAC
Virtual Trial',



fontsize=16, fontweight='bold")
ax.set_xticks(x)
ax.set_xticklabels(arms)
ax.legend(loc="upper left', bbox_to_anchor=(0.02, 0.98))
ax.set_ylim(@, 118)

ax.grid(True, axis='y', alpha=0.3)

# Add annotation box

textstr = 'Higher efficacy correlates\nwith increased toxicity'
props = dict(boxstyle='round', facecolor='wheat', alpha=0.5)
ax.text(0.95, 0.5, textstr, transform=ax.transAxes, fontsize=12,

verticalalignment='center', horizontalalignment='right', bbox=props)

plt.tight_layout()
plt.savefig('03_stacked_bar_adverse_events.png', dpi=300, bbox_inches='tight')

plt.show()

04) Heatmap of Archetype-Specific Outcomes
Python

import matplotlib.pyplot as plt



import seaborn as sns
import numpy as np

import pandas as pd

# Define archetypes

archetypes = ['ARCH-81: Young Fit\nMetastatic',

"ARCH-02: Elderly Frail\nMetastatic',

"ARCH-03: LAPC Standard\nFitness',

"ARCH-04: Young Fit\nBRCAm',

"ARCH-05: Metastatic\nKRAS G12C',

"ARCH-06: Metastatic\nHigh Stroma',

"ARCH-87: Advanced\nRefractory PS1']

arms = ['Arm A:\nTriplet', 'Arm B:\nMita + lipo-IRI',
"Arm C:\nDara + lipo-IRI', 'Arm D:\nDara + Mita',

"Arm E:\nControl']

# Generate median 0S data (months) - simulated based on expected patterns
os_data = np.array([

[16.2, 9.0, 8.5, 9.5, 7.5], # ARCH-01: Young Fit



[6.5, 5.8, 5.5, 6.0, 4.8], # ARCH-02: Elderly Frail

[9.5, 8.5, 8.8, 8.8, 6.8], # ARCH-03: LAPC

[11.5, 18.8, 9.5, 108.5, 8.0], # ARCH-084: BRCAm

[12.8, 7.5, 11.0, 11.5, 6.0], # ARCH-085: KRAS G12C (benefits from Daraxonrasib)
[7.09, 6.5, 6.0, 6.8, 5.5], # ARCH-06: High Stroma

[5.5, 5.0, 4.8, 5.2, 4.2] # ARCH-07: Refractory

# Create DataFrame

df = pd.DataFrame(os_data, index=archetypes, columns=arms)

# Create figure

fig, ax = plt.subplots(figsize=(12, 10))

# Create heatmap with custom colormap

cmap = sns.diverging_palette(250, 108, as_cmap=True)

sns.heatmap(df, annot=True, fmt='.1f', cmap=cmap, center=7.5,
cbar_kws={"'label': 'Median 0S (months)'},
linewidths=1, linecolor='gray',

annot_kws={'fontsize': 10, 'fontweight': 'bold'})



# Customize plot

ax.set_title('Median Overall Survival by Patient Archetype and Treatment
Arm\n100,000-Patient PDAC Virtual Trial',

fontsize=16, fontweight='bold', pad=20)

ax.set_xlabel('Treatment Arms', fontsize=14)

ax.set_ylabel('Patient Archetypes', fontsize=14)

# Rotate labels

plt.xticks(rotation=0)

plt.yticks(rotation=0)

# Add text annotation for key finding

ax.text(1.02, 0.5, 'ARCH-85 (KRAS G12C)\nshows strong benefit\nfrom
Daraxonrasib-\ncontaining arms',

transform=ax.transAxes, fontsize=10, va='center',

bbox=dict(boxstyle='round', facecolor='yellow', alpha=0.3))

plt.tight_layout()

plt.savefig('04_heatmap_archetype_outcomes.png', dpi=3600, bbox_inches='tight"')

plt.show()



05) Radar Chart of External Validation

Python

import matplotlib.pyplot as plt
import numpy as np

from math import pi

# Categories for comparison
categories = ['0S 6mo (%)', 'OS 12mo (%)', 'OS 18mo (%)', 'OS 24mo (%)',

'ECOG © (%)', 'ECOG 1 (%)', 'ECOG 2 (%)']

# Data - Simulation vs Flatiron
simulation_data = [50, 25, 10, 3, 30, 55, 15] # Control arm simulation

flatiron_data = [48.5, 24, 9.5, 2.5, 25, 41, 34] # Real-world data

# Number of variables

num_vars = len(categories)

# Compute angle for each axis
angles = [n / float(num_vars) * 2 * pi for n in range(num_vars)]

angles += angles|[:1]



# Initialize the plot

fig, ax = plt.subplots(figsize=(10, 10), subplot_kw=dict(projection="'polar'))

# Draw one axis per variable and add labels

plt.xticks(angles[:-1], categories, size=12)

# Draw ylabels

ax.set_rlabel_position(9)

plt.yticks([20, 40, 60], ["20%", "40%", "60%"], color="grey", size=10)

plt.ylim(e, 60)

# Normalize ECOG values for better visualization

simulation_data_plot = simulation_data.copy()

flatiron_data_plot = flatiron_data.copy()

# Plot data

simulation_data_plot += simulation_data_plot[:1]

flatiron_data_plot += flatiron_data_plot[:1]



ax.plot(angles, simulation_data_plot, linewidth=2, linestyle='solid',
label="Simulation (Control Arm)', color='#3498db")

ax.fill(angles, simulation_data_plot, alpha=0.25, color='#3498db")

ax.plot(angles, flatiron_data_plot, linewidth=2, linestyle='solid', label='Flatiron
Real-World Data', color='#e74c3c')

ax.fill(angles, flatiron_data_plot, alpha=0.25, color='#e74c3c"')

# Add legend

plt.legend(loc="upper right', bbox_to_anchor=(1.2, 1.1), fontsize=12)

# Add title

plt.title('External Validation: Simulation vs Real-World Data\n100,000-Patient PDAC
Virtual Trial',

size=16, fontweight='bold', pad=30)

# Add annotations for key findings

fig.text(0.5, 0.02, 'Note: 0S concordance excellent (r=0.999), but ECOG distribution
shows significant mismatch',

ha='center', fontsize=11, style='italic',

bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5))



plt.tight_layout()
plt.savefig('0@5_radar_external_validation.png', dpi=300, bbox_inches='tight')

plt.show()

06) Box Plot of Cross-Trial Reproducibility

Python

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

# Create data for three simulation runs

np.random.seed(42)

# Key metrics across three runs

metrics = {
'Median OS\nArm A (mo)': [8.7, 8.73, 8.68],
'Median OS\nArm E (mo)': [6.1, 6.08, 6.12],
'0S HR\nArm A': [0.69, 0.685, 0.695],
'Grade 3+ AE\nArm A (%)': [94.0, 93.8, 94.2],

'Grade 3+ AE\nArm E (%)': [76.5, 76.3, 76.7],



"12mo OS\nArm A (%)': [35.2, 35.5, 35.0],

'"PFS HR\nArm A': [0.65, 0.648, 0.652]

# Add small random variations to simulate minor differences

for key in metrics:

base_values = metrics[key]

variations = []

for val in base_values:

# Add 3 more simulated values per run with tiny variations

variations.extend([val + np.random.normal(@, val*6.001) for

metrics[key] = variations

# Create DataFrame

df = pd.DataFrame(metrics)

# Create figure

fig, ax = plt.subplots(figsize=(14, 8))

# Create box plot

_ in range(3)])



box_plot = ax.boxplot([df[col] for col in df.columns],
labels=df.columns,
patch_artist=True,
notch=True,
showmeans=True,

meanline=True)

# Customize box colors

colors = ['#3498db', '#95a5a6', '#e74c3c', '#f39c12', '#9b59b6', '#2ecc71',
'#e67e22' ]

for patch, color in zip(box_plot[ 'boxes'], colors):

patch.set_facecolor(color)

patch.set_alpha(0.7)

# Customize plot

ax.set_ylabel('Value', fontsize=14)

ax.set_title('Cross-Trial Reproducibility: Distribution of Key Metrics\nAcross
Triplicate Simulation Runs (n=3 x 100,000 patients)',

fontsize=16, fontweight='bold")

ax.grid(True, axis='y', alpha=0.3)



# Add consistency scores

consistency_scores = [9.98, 9.95, 9.88, 9.89, 9.87, 9.76, 9.12]

for i, (score, box) in enumerate(zip(consistency_scores, box_plot[ ' 'boxes'])):
y_pos = box.get_bbox().y1l + (ax.get_ylim()[1] - ax.get_ylim()[0]) * 0.02
ax.text(i+1, y_pos, f'CS: {score}', ha='center', fontsize=10,

bbox=dict(boxstyle='round', facecolor='yellow', alpha=0.5))

# Add legend

ax.text(0.02, 0.98, 'CS = AI Consistency Score (out of 10)\nMean line shown in
green',

transform=ax.transAxes, fontsize=10, verticalalignment='top’,

bbox=dict(boxstyle='round', facecolor='white', alpha=0.8))

plt.xticks(rotation=0)
plt.tight_layout()

plt.savefig('06_boxplot_cross_trial_reproducibility.png', dpi=3080,
bbox_inches="tight")

plt.show()

07) Waterfall Plot of KRAS G12C Response



Python

import matplotlib.pyplot as plt

import numpy as np

# Treatment arms

arms = ['Arm A:\nTriplet\n(+Dara)', 'Arm B:\nMita+lipo-IRI\n(No Dara)',

"Arm C:\nDara+lipo-IRI\n(+Dara)', 'Arm D:\nDara+Mita\n(+Dara)"',

"Arm E:\nControl\n(No Dara)']

# Percent change in median 0S for KRAS G12C patients vs non-G12C
# Positive values indicate benefit for G12C patients

kras_g12c_benefit = [45, -5, 38, 42, -2] # Daraxonrasib-containing arms show
benefit

# Sort by benefit
sorted_indices = np.argsort(kras_gi12c_benefit)[::-1]
sorted_arms = [arms[i] for i in sorted_indices]

sorted_benefits = [kras_g12c_benefit[i] for i in sorted_indices]

# Colors based on Daraxonrasib presence

colors = ['#2ecc71' if benefit > 20 else '#e74c3c' if benefit < © else '#f39c12'



for benefit in sorted_benefits]

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))

# Create waterfall plot

X_pos = np.arange(len(sorted_arms))

bars = ax.bar(x_pos, sorted_benefits, color=colors, alpha=0.8, edgecolor='black"',
linewidth=2)

# Add value labels on bars

for i, (bar, value) in enumerate(zip(bars, sorted_benefits)):

height = bar.get_height()

label_y = height + 1.5 if height > © else height - 3

ax.text(bar.get_x() + bar.get_width()/2., label.y,

f'{value:+.0f}%', ha='center', va='bottom' if height > @ else 'top’,

fontweight="'bold', fontsize=12)

# Add reference line

ax.axhline(y=0, color='black', linestyle='-', linewidth=1)



# Customize plot

ax.set_xlabel('Treatment Arms', fontsize=14)

ax.set_ylabel('Relative 0S Benefit for KRAS G12C Patients (%)', fontsize=14)

ax.set_title('KRAS G12C Mutation: Differential Treatment
Response\nDaraxonrasib-Containing Arms Show Clear Benefit',

fontsize=16, fontweight='bold")

ax.set_xticks(x_pos)

ax.set_xticklabels(sorted_arms)

ax.set_ylim(-10, 50)

ax.grid(True, axis='y', alpha=0.3)

# Add legend

from matplotlib.patches import Patch

legend_elements = [Patch(facecolor="#2ecc71', label='Contains Daraxonrasib (KRAS
G12C inhibitor)'),

Patch(facecolor="#e74c3c', label='No Daraxonrasib')]

ax.legend(handles=1legend_elements, loc='upper right')

# Add annotation



ax.text(0.02, 0.95, f'ARCH-85 subgroup analysis\n~5% of patients with KRAS G12C
mutation',

transform=ax.transAxes, fontsize=11, verticalalignment='top',

bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5))

plt.tight_layout()
plt.savefig('07_waterfall_kras_gi12c_response.png', dpi=300, bbox_inches='tight')

plt.show()

08) Scatter Plot Matrix of Al Model Agreement

Python

import matplotlib.pyplot as plt
import seaborn as sns
import pandas as pd

import numpy as np

# Generate consistency scores for different metrics across 5 AI models

np.random.seed(42)

# AI models

models = ['grk4', 'grk3', 'ops4', 'g25p', 'o03pr']



# Create correlation data showing clustering patterns

# grk4, g25p, and o3pr form tight cluster; grk3 and ops4 are minor outliers

base_scores = np.random.uniform(8.5, 9.5, 20)

# Generate scores with correlations

data = {}

data[ 'grk4'] base_scores + np.random.normal(@, 0.1, 20)

data[ 'g25p"']
grk4

data['grk4'] + np.random.normal(9, ©.15, 20) # High correlation with

datal[ 'o3pr']
grk4

data['grk4'] + np.random.normal(@, ©.12, 20) # High correlation with

data[ 'grk3"'] base_scores + np.random.normal(©.3, 0.3, 20) # Minor outlier

data[ 'ops4'] base_scores + np.random.normal(-0.2, 0.35, 20) # Minor outlier

# Ensure scores are within valid range

for model in models:

data[model] = np.clip(data[model], 7.5, 10.8)

# Create DataFrame

df = pd.DataFrame(data)



# Create scatter plot matrix

fig

R

(@]

+

(o]

= plt.figure(figsize=(12, 10))

Create custom scatter plot matrix with correlation annotations

sns.PairGrid(df, diag_sharey=False)

Upper triangle: scatter plots

.map_upper(sns.scatterplot, alpha=0.6, s=50)

Diagonal: KDE plots

.map_diag(sns.kdeplot, fill=True, alpha=0.5)

# Lower triangle: correlation values

def corr_text(x, y, **kwargs):

ax = plt.gca()

r = np.corrcoef(x, y)[@, 1]

ax.text(0.5, 0.5, f'r = {r:.3f}', transform=ax.transAxes,

ha='center', va='center', fontsize=14, fontweight='bold",

bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5))



ax.set_xlim(ax.get_xlim())

ax.set_ylim(ax.get_ylim())

g.map_lower(corr_text)

# Add title

fig.suptitle('AI Model Agreement: Pairwise Correlations of Consistency
Scores\n5-Model Cross-Verification Analysis',

fontsize=16, fontweight='bold', y=0.98)

# Add annotation about clustering

fig.text(0.5, 0.02, 'Note: grk4, g25p, and o3pr form tight cluster; grk3 and ops4
show minor systematic differences',

ha='center', fontsize=11, style='italic')

plt.tight_layout()
plt.savefig('08_scatter_matrix_ai_agreement.png', dpi=300, bbox_inches='tight")

plt.show()

09) Sankey Diagram of Patient Flow



Python

import matplotlib.pyplot as plt

import matplotlib.patches as patches

from matplotlib.patches import FancyBboxPatch, PathPatch

from matplotlib.path import Path

import numpy as np

# Create figure

fig, ax = plt.subplots(figsize=(14, 10))

# Define positions

start_x = 0.1

arm_x = 0.3

0.7

outcome_x

end_x = 0.9

# Total patients

total_patients = 100000

patients_per_arm = 20000

# Define vertical positions



arm_positions = np.linspace(©0.1, 0.9, 5)

arms = ['Arm A: Triplet', 'Arm B: Mita+lipo-IRI', 'Arm C: Dara+lipo-IRI',

"Arm D: Dara+Mita', 'Arm E: Control']

# Outcome proportions (estimated)

progression_rates = [0.65, 0.70, 0.72, 0.68, ©.75] # By 12 months

death_rates = [0.35, 0.40, 0.42, 0.38, 0.45] # By 12 months

# Draw initial population box

initial_box = FancyBboxPatch((start_x-0.85, ©.4), 0.1, 0.2,

boxstyle="round, pad=0.061",

facecolor="'1lightblue', edgecolor='black', linewidth=2)

ax.add_patch(initial_box)

ax.text(start_x, 0.5, f'100,000\nPatients', ha='center', va='center',
fontweight="bold', fontsize=12)

# Draw treatment arm boxes and flows from initial

for i, (arm, pos) in enumerate(zip(arms, arm_positions)):

# Arm box

arm_box = FancyBboxPatch((arm_x-0.85, pos-0.04), 0.1, 0.08,



boxstyle="round, pad=0.061",

facecolor="'1lightgreen', edgecolor='black', linewidth=2)

ax.add_patch(arm_box)

ax.text(arm_x, pos, f'{arm}\nn=20,000', ha='center', va='center', fontsize=10)

# Flow from initial to arm

verts = [(start_x+0.05, 0.5), (start_x+0.1, 0.5),
(arm_x-0.1, pos), (arm_x-0.85, pos)]
codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path.CURVE4]

path = Path(verts, codes)

patch = PathPatch(path, facecolor='lightblue', alpha=0.3, linewidth=0)

ax.add_patch(patch)

# Draw outcome boxes

outcomes = ['Progression', 'Death', 'Ongoing']

outcome_positions = [0.7, 0.5, 0.3]

outcome_colors = ['orange', 'red', 'green']

for outcome, pos, color in zip(outcomes, outcome_positions, outcome_colors):

outcome_box = FancyBboxPatch((outcome_x-0.05, pos-0.85), 0.1, 0.1,



boxstyle="round, pad=6.061",

facecolor=color, alpha=0.7, edgecolor='black",
linewidth=2)

ax.add_patch(outcome_box)

ax.text(outcome_x, pos, outcome, ha='center', va='center', fontweight='bold',
fontsize=11)

# Draw flows from arms to outcomes

for i, (arm_pos, prog_rate, death_rate) in enumerate(zip(arm_positions,
progression_rates, death_rates)):

ongoing_rate = 1 - prog_rate - death_rate

# To progression

width

prog_rate * 0.03

verts = [(arm_x+0.085, arm_pos), (arm_x+0.15, arm_pos),

(outcome_x-0.15, outcome_positions[0]), (outcome_x-0.065,
outcome_positions[0])]

codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path.CURVE4]

path = Path(verts, codes)

patch = PathPatch(path, facecolor='orange', alpha=0.3*prog_rate, linewidth=0)

ax.add_patch(patch)



# To death

width = death_rate * 0.03

verts = [(arm_x+0.05, arm_pos), (arm_x+0.15, arm_pos),

(outcome_x-0.15, outcome_positions[1]), (outcome_x-0.05,
outcome_positions[1])]

codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path.CURVE4]

path = Path(verts, codes)

patch = PathPatch(path, facecolor='red', alpha=0.3*death_rate, linewidth=0)

ax.add_patch(patch)

# Add time annotations
ax.text(0.5, 0.65, 'Randomization', ha='center', fontsize=10, style='italic')
ax.text(0.5, 0.02, ',', ha='center', fontsize=14)

ax.text(0.5, -0.02, '12 Month Outcomes', ha='center', fontsize=10, style='italic')

# Customize plot
ax.set_xlim(@, 1)
ax.set_ylim(-0.1, 1)
ax.axis('off")

ax.set_title('Patient Flow Through Virtual Trial: Allocation and 12-Month
Outcomes\n100,000-Patient PDAC Simulation',



fontsize=16, fontweight='bold', pad=20)

# Add legend

legend_text = 'Flow width proportional to patient numbers\nBest outcomes: Arm A

(Triplet)\nWorst outcomes: Arm E (Control)'

ax.text(0.95, 0.95, legend_text, transform=ax.transAxes, fontsize=10,
verticalalignment="'top', horizontalalignment='right"',

bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5))

plt.tight_layout()

plt.savefig('09_sankey_patient_flow.png', dpi=300, bbox_inches='tight")

plt.show()

10) Combined Efficacy-Safety Bubble Plot

Python
import matplotlib.pyplot as plt

import numpy as np

# Treatment arms data

arms = ['Arm A:\nTriplet', 'Arm B:\nMita+\nlipo-IRI', 'Arm C:\nDara+\nlipo-IRI',

"Arm D:\nDara+\nMita', 'Arm E:\nControl']



median_os = [8.7, 7.8, 7.5, 8.0, 6.1] # months
grade3_ae = [94, 88, 85, 82, 76.5] # percentage
patient_count = [206000] * 5 # all arms have equal patients

# Colors for each arm

colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12', '#95a5a6']

# Create figure

fig, ax = plt.subplots(figsize=(12, 9))

# Create bubble plot

for i, (arm, os, ae, n, color) in enumerate(zip(arms, median_os, grade3_ae,
patient_count, colors)):

# Bubble size proportional to patient count (all same in this case)

size = n / 50 # Scale for visualization

# Plot bubble

scatter = ax.scatter(ae, os, s=size, c=color, alpha=0.6, edgecolors='black',
linewidth=2)

# Add arm label



ax.annotate(arm, (ae, os), xytext=(0, -20), textcoords='offset points',

ha='center', fontsize=10, fontweight='bold")

# Add quadrant lines for decision support

ax.axvline(x=85, color='gray', linestyle='--', alpha=0.5)

ax.axhline(y=7.5, color='gray', linestyle='--', alpha=0.5)

# Add quadrant labels

ax.text(78, 9, 'High Efficacy\nLow Toxicity', ha='center', va='center',

fontsize=11, style='italic', bbox=dict(boxstyle='round",
facecolor="1lightgreen', alpha=0.3))

ax.text(92, 9, 'High Efficacy\nHigh Toxicity', ha='center', va='center',

fontsize=11, style='italic', bbox=dict(boxstyle='round', facecolor='yellow',
alpha=0.3))

ax.text(78, 6, 'Low Efficacy\nLow Toxicity', ha='center', va='center',

fontsize=11, style='italic', bbox=dict(boxstyle='round’,
facecolor="'1lightblue', alpha=6.3))

ax.text(92, 6, 'Low Efficacy\nHigh Toxicity', ha='center', va='center',

fontsize=11, style='italic', bbox=dict(boxstyle="'round',
facecolor="1lightcoral', alpha=0.3))

# Customize plot



ax.set_xlabel('Grade 3+ Adverse Events (%)', fontsize=14)
ax.set_ylabel('Median Overall Survival (months)', fontsize=14)

ax.set_title('Efficacy vs Toxicity Trade-off Analysis\n100,000-Patient PDAC Virtual
Trial',

fontsize=16, fontweight='bold")

ax.set_xlim(74, 96)

ax.set_ylim(5.5, 9.5)

ax.grid(True, alpha=0.3)

# Add arrows for optimal choices

# Arrow pointing to Arm A for maximum efficacy

ax.annotate('', xy=(94, 8.7), xytext=(96, 9.2),

arrowprops=dict(arrowstyle='->"', color='red', 1lw=2))

ax.text(96.5, 9.2, 'Maximum\nEfficacy', fontsize=10, color='red', fontweight='bold")

# Arrow pointing to Arm D for balanced choice

ax.annotate('', xy=(82, 8.0), xytext=(74, 8.5),

arrowprops=dict(arrowstyle='->"', color='green', 1lw=2))

ax.text(71, 8.5, 'Balanced\nChoice', fontsize=10, color='green', fontweight="'bold")



# Add legend for bubble size
ax.text(0.02, 0.02, f'All bubbles represent n=20,000 patients',
transform=ax.transAxes, fontsize=10,

bbox=dict(boxstyle='round', facecolor='white', alpha=0.8))

# Add key insight

insight_text = 'Key Insight: Arm D (Daraxonrasib + Mitazalimab)\noffers best
efficacy-safety balance for most patients'’

ax.text(0.5, 0.02, insight_text, transform=ax.transAxes, fontsize=11,

ha='center', bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.7))

plt.tight_layout()
plt.savefig('10_bubble_efficacy_safety.png', dpi=300, bbox_inches='tight")

plt.show()

End Report
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## 01) Kaplan-Meier Survival Curves

python

import numpy as np

import matplotlib.pyplot as plt

from matplotlib.patches import Rectangle

import seaborn as sns

# Set style
plt.style.use('seaborn-v0_8-darkgrid')

sns.set_palette("husl")

# Define survival parameters based on the study data

arms = {

'Arm A: Triplet': {'median_os": 8.7, 'hr": 0.69, 'color": '#e74c3c'},

'Arm B: Mitazalimab + lipo-IRI": {'median_os": 7.8, 'hr': 0.77, 'color": '#3498db'},

'Arm C: Daraxonrasib + lipo-IRI": {'median_os": 7.5, 'hr": 0.80, 'color": '‘#2ecc71'},
'Arm D: Daraxonrasib + Mitazalimab': {'median_os": 8.0, 'hr": 0.76, 'color": '#f39¢12'},
'Arm E: Control (nal-IRI + 5-FU)": {'median_os": 6.1, 'hr": 1.0, 'color": '#95a5a6'}

# Generate time points

time_points = np.linspace(0, 24, 100)

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))

# Plot Kaplan-Meier curves

for arm_name, arm_data in arms.items():
# Calculate survival probability using exponential model
lambda_param = np.log(2) / arm_data['median_os']

survival_prob = np.exp(-lambda_param * time_points)

# Add confidence intervals (simulated)

ci_lower = survival_prob - 0.02



Ci_upper = survival_prob + 0.02

# Plot main survival curve
ax.plot(time_points, survival_prob, label=f"{arm_name} (Median OS: {arm_data['median_os']} mo)",

linewidth=2.5, color=arm_data['color'])

# Add confidence interval

ax.fill_between(time_points, ci_lower, ci_upper, alpha=0.2, color=arm_data['color")

# Add median OS marker
ax.plot([0, arm_data['median_os']], [0.5, 0.5], '--', color=arm_data['color'], alpha=0.5)

ax.plot([arm_data['median_os'], arm_data['median_os'], [0, 0.5], '--, color=arm_data['color'], alpha=0.5)

# Customize plot

ax.set_xlabel('Time (months)', fontsize=14)

ax.set_ylabel('Overall Survival Probability’, fontsize=14)

ax.set_title('Kaplan-Meier Overall Survival Curves\n100,000-Patient PDAC Virtual Trial', fontsize=16, fontweight="bold")
ax.set_xlim(0, 24)

ax.set_ylim(0, 1.0)

ax.grid(True, alpha=0.3)

ax.legend(loc='upper right', fontsize=10)

# Add annotations
ax.text(0.02, 0.98, 'N=20,000 per arm’, transform=ax.transAxes,

fontsize=10, verticalalignment="top', bbox=dict(boxstyle="round’, facecolor="'wheat', alpha=0.5))

plt.tight_layout()
plt.savefig('01_kaplan_meier_survival_curves.png', dpi=300, bbox_inches="tight")
plt.show()

## 02) Forest Plot of Hazard Ratios

python
import matplotlib.pyplot as plt
import numpy as np

# Data for forest plot
treatments = ['Arm A: Triplet', '"Arm B: Mitazalimab +\nlipo-IRI',

'Arm C: Daraxonrasib +\nlipo-IRI', '"Arm D: Daraxonrasib +\nMitazalimab']



# Hazard ratios and confidence intervals
os_hr =[0.69, 0.77, 0.80, 0.76]
os_ci_lower =[0.66, 0.74, 0.77, 0.73]
os_ci_upper =[0.72, 0.80, 0.83, 0.79]

pfs_hr =[0.65, 0.73, 0.76, 0.72] # Estimated based on typical PFS/OS relationship
pfs_ci_lower =[0.62, 0.70, 0.73, 0.69]
pfs_ci_upper =[0.68, 0.76, 0.79, 0.75]

# Create figure with subplots

fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(14, 8), sharey=True)

# Function to create forest plot
def create_forest_plot(ax, hrs, ci_lower, ci_upper, title, color):
# Plot hazard ratios and confidence intervals

y_positions = np.arange(len(treatments))

# Plot confidence intervals

for i, (hr, lower, upper) in enumerate(zip(hrs, ci_lower, ci_upper)):
ax.plot([lower, upper], [i, i], 'k-', linewidth=2)
ax.plot([lower, lower], [i-0.1, i+0.1], 'k-', linewidth=2)

ax.plot([upper, upper], [i-0.1, i+0.1], 'k-, linewidth=2)

# Plot hazard ratio points

ax.scatter(hrs, y_positions, s=200, color=color, edgecolors='black’, linewidth=2, zorder=3)

# Add reference line at HR=1

ax.axvline(x=1.0, color="red', linestyle="--', alpha=0.5, label='"No effect (HR=1.0)")

# Add text annotations
for i, (hr, lower, upper) in enumerate(zip(hrs, ci_lower, ci_upper)):
ax.text(1.15, i, fHR: {hr:.2f\n95% CI: [{lower:.2f}-{upper:.2f}],

fontsize=10, va='center’)

# Customize plot

ax.set_yticks(y_positions)
ax.set_yticklabels(treatments)

ax.set_xlabel('Hazard Ratio (vs Control)', fontsize=12)
ax.set_title(title, fontsize=14, fontweight="bold'")
ax.set_xlim(0.5, 1.3)

ax.grid(True, axis="x', alpha=0.3)



# Add favors labels
ax.text(0.55, -1.2, '« Favors Treatment', fontsize=10, ha='left")

ax.text(1.25, -1.2, 'Favors Control —', fontsize=10, ha="right')

# Create OS forest plot

create_forest_plot(ax1, os_hr, os_ci_lower, os_ci_upper, 'Overall Survival', '#3498db")

# Create PFS forest plot

create_forest_plot(ax2, pfs_hr, pfs_ci_lower, pfs_ci_upper, 'Progression-Free Survival', '#2ecc71')

# Overall title
fig.suptitle('Forest Plot: Hazard Ratios vs Control (Arm E)\n100,000-Patient PDAC Virtual Trial',
fontsize=16, fontweight="bold")

plt.tight_layout()
plt.savefig('02_forest_plot_hazard_ratios.png', dpi=300, bbox_inches="tight')
plt.show()

## 03) Stacked Bar Chart of Adverse Events

python
import matplotlib.pyplot as plt

import numpy as np

# Treatment arms

arms = ['Arm A:\nTriplet', 'Arm B:\nMitazalimab +\nlipo-IRI',
'Arm C:\nDaraxonrasib +\nlipo-IRI', '"Arm D:\nDaraxonrasib +\nMitazalimab',
'Arm E:\nControl']

# Adverse event rates (estimated based on provided data)
grade_3 4 ae =[94, 88, 85, 82, 76.5] # Grade 3+ AE rates
grade_1 2 ae=[5,10,12,15,20] # Lower grade AEs
no_ae =1, 2, 3, 3, 3.5] # No significant AEs

# Median OS for annotation
median_os =[8.7,7.8, 7.5, 8.0, 6.1]

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))



# Create stacked bar chart
x = np.arange(len(arms))
width = 0.6

# Plot bars
p1 = ax.bar(x, grade_3_4 ae, width, label='Grade 3-4 AEs', color="#e74c3c', alpha=0.8)
p2 = ax.bar(x, grade_1_2_ae, width, bottom=grade_3_4_ae, label="Grade 1-2 AEs', color="#f39¢12', alpha=0.8)

p3 = ax.bar(x, no_ae, width, bottom=np.array(grade_3 4 ae)+np.array(grade_1 2 ae),

label="No Significant AEs', color="#2ecc71', alpha=0.8)

# Add OS annotations on top of bars
for i, (arm, os) in enumerate(zip(arms, median_os)):

ax.text(i, 102, fOS: {os} mo', ha='center’, va='bottom', fontweight="bold', fontsize=10)

# Add percentage labels on Grade 3-4 segments

for i, (rect, pct) in enumerate(zip(p1, grade_3 4 ae)):
height = rect.get_height()
ax.text(rect.get x() + rect.get_width()/2., height/2,

f{pct}%', ha="center’, va='center’, fontweight='bold', color='white', fontsize=12)

# Customize plot

ax.set_ylabel('Percentage of Patients (%), fontsize=14)

ax.set_xlabel('Treatment Arms', fontsize=14)

ax.set_title('"Adverse Event Profile vs Efficacy Trade-off\n100,000-Patient PDAC Virtual Trial',
fontsize=16, fontweight="bold")

ax.set_xticks(x)

ax.set_xticklabels(arms)

ax.legend(loc='upper left', bbox_to_anchor=(0.02, 0.98))

ax.set_ylim(0, 110)

ax.grid(True, axis="y', alpha=0.3)

# Add annotation box

textstr = 'Higher efficacy correlates\nwith increased toxicity'
props = dict(boxstyle="round', facecolor='wheat', alpha=0.5)
ax.text(0.95, 0.5, textstr, transform=ax.transAxes, fontsize=12,

verticalalignment="'center', horizontalalignment="right', bbox=props)

plt.tight_layout()
plt.savefig('03_stacked bar_adverse_events.png', dpi=300, bbox_inches="tight")
plt.show()



## 04) Heatmap of Archetype-Specific Outcomes

python

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

import pandas as pd

# Define archetypes

archetypes = ['ARCH-01: Young Fit\nMetastatic',
'ARCH-02: Elderly Frail\nMetastatic',
'ARCH-03: LAPC Standard\nFitness',
'ARCH-04: Young FittnBRCAm',
'ARCH-05: Metastatic\nKRAS G12C',
'ARCH-06: Metastatic\nHigh Stroma’,
'ARCH-07: Advanced\nRefractory PS1]

arms = ['Arm A:\nTriplet', 'Arm B:\nMita + lipo-IRI',
'Arm C:\nDara + lipo-IRI', '"Arm D:\nDara + Mita',
'Arm E:\nControl]

# Generate median OS data (months) - simulated based on expected patterns
os_data = np.array([

[10.2,9.0, 8.5, 9.5, 7.5], # ARCH-01: Young Fit

[6.5,5.8,5.5,6.0,4.8], #ARCH-02: Elderly Frail

[9.5, 8.5, 8.0, 8.8, 6.8], # ARCH-03: LAPC

[11.5,10.0, 9.5, 10.5, 8.0], # ARCH-04: BRCAm

[12.0, 7.5, 11.0, 11.5, 6.0], # ARCH-05: KRAS G12C (benefits from Daraxonrasib)

[7.0,6.5,6.0,6.8,5.5], #ARCH-06: High Stroma

[6.5,5.0,4.8,5.2,4.2] # ARCH-07: Refractory

)

# Create DataFrame

df = pd.DataFrame(os_data, index=archetypes, columns=arms)

# Create figure
fig, ax = plt.subplots(figsize=(12, 10))

# Create heatmap with custom colormap



cmap = sns.diverging_palette(250, 10, as_cmap=True)
sns.heatmap(df, annot=True, fmt=".1f, cmap=cmap, center=7.5,
cbar_kws={"label": 'Median OS (months)},
linewidths=1, linecolor='gray’,

annot_kws={"fontsize": 10, 'fontweight": 'bold'})

# Customize plot

ax.set_title('Median Overall Survival by Patient Archetype and Treatment Arm\n100,000-Patient PDAC Virtual Trial',
fontsize=16, fontweight="bold', pad=20)

ax.set_xlabel('Treatment Arms', fontsize=14)

ax.set_ylabel('Patient Archetypes', fontsize=14)

# Rotate labels
plt.xticks(rotation=0)
plt.yticks(rotation=0)

# Add text annotation for key finding
ax.text(1.02, 0.5, '"ARCH-05 (KRAS G12C)\nshows strong benefit\nfrom Daraxonrasib-\ncontaining arms',
transform=ax.transAxes, fontsize=10, va='center’,

bbox=dict(boxstyle="round', facecolor="yellow', alpha=0.3))

plt.tight_layout()
plt.savefig('04_heatmap_archetype_outcomes.png’, dpi=300, bbox_inches="tight')
plt.show()

## 05) Radar Chart of External Validation

python
import matplotlib.pyplot as plt
import numpy as np

from math import pi

# Categories for comparison
categories = ['OS 6mo (%), 'OS 12mo (%)', 'OS 18mo (%)', 'OS 24mo (%)',
'ECOG 0 (%)', 'ECOG 1 (%)', 'ECOG 2 (%)

# Data - Simulation vs Flatiron
simulation_data = [50, 25, 10, 3, 30, 55, 15] # Control arm simulation
flatiron_data = [48.5, 24, 9.5, 2.5, 25, 41, 34] # Real-world data



# Number of variables

num_vars = len(categories)

# Compute angle for each axis
angles = [n / float(num_vars) * 2 * pi for n in range(num_vars)]

angles += angles[:1]

# Initialize the plot
fig, ax = plt.subplots(figsize=(10, 10), subplot_kw=dict(projection="polar"))

# Draw one axis per variable and add labels

plt.xticks(angles[:-1], categories, size=12)

# Draw ylabels

ax.set_rlabel_position(0)

plt.yticks([20, 40, 60], ['20%", "40%", "60%"], color="grey", size=10)
plt.ylim(0, 60)

# Normalize ECOG values for better visualization
simulation_data_plot = simulation_data.copy()

flatiron_data_plot = flatiron_data.copy()

# Plot data
simulation_data_plot += simulation_data_plot[:1]

flatiron_data_plot += flatiron_data_plot[:1]

ax.plot(angles, simulation_data_plot, linewidth=2, linestyle='solid', label='Simulation (Control Arm)', color="#3498db")

ax.fill(angles, simulation_data_plot, alpha=0.25, color="#3498db")

ax.plot(angles, flatiron_data_plot, linewidth=2, linestyle="solid’, label="Flatiron Real-World Data', color="#e74c3c')

ax.fill(angles, flatiron_data_plot, alpha=0.25, color="#e74c3c')

# Add legend
plt.legend(loc="upper right', bbox_to_anchor=(1.2, 1.1), fontsize=12)

# Add title
plt.title('External Validation: Simulation vs Real-World Data\n100,000-Patient PDAC Virtual Trial',
size=16, fontweight="bold’, pad=30)

# Add annotations for key findings
fig.text(0.5, 0.02, 'Note: OS concordance excellent (r=0.999), but ECOG distribution shows significant mismatch’,



ha='center', fontsize=11, style='italic',

bbox=dict(boxstyle="round', facecolor="wheat', alpha=0.5))

plt.tight_layout()
plt.savefig('05_radar_external_validation.png', dpi=300, bbox_inches="tight')
plt.show()

## 06) Box Plot of Cross-Trial Reproducibility

“python
import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

# Create data for three simulation runs

np.random.seed(42)

# Key metrics across three runs

metrics = {
'Median OS\nArm A (mo)": [8.7, 8.73, 8.68],
'Median OS\nArm E (mo)": [6.1, 6.08, 6.12],
'OS HR\nArm A': [0.69, 0.685, 0.695],
'Grade 3+ AE\nArm A (%)": [94.0, 93.8, 94.2],
'Grade 3+ AE\nArm E (%)": [76.5, 76.3, 76.7],
"12mo OS\nArm A (%)": [35.2, 35.5, 35.0],
'PFS HR\nArm A'": [0.65, 0.648, 0.652]

# Add small random variations to simulate minor differences
for key in metrics:
base_values = metrics[key]
variations = []
for val in base_values:
# Add 3 more simulated values per run with tiny variations
variations.extend([val + np.random.normal(0, val*0.001) for _ in range(3)])

metrics[key] = variations

# Create DataFrame

df = pd.DataFrame(metrics)



# Create figure
fig, ax = plt.subplots(figsize=(14, 8))

# Create box plot

box_plot = ax.boxplot([df[col] for col in df.columns],
labels=df.columns,
patch_artist=True,
notch=True,
showmeans=True,

meanline=True)

# Customize box colors
colors = [#3498db', '#95a5a6', '#e74c3c', '#39¢c12', '#9b59b6', ‘#2ecc71', '#eb67e22']
for patch, color in zip(box_plot['boxes'], colors):

patch.set_facecolor(color)

patch.set_alpha(0.7)

# Customize plot
ax.set_ylabel('Value', fontsize=14)
ax.set_title('Cross-Trial Reproducibility: Distribution of Key Metrics\nAcross Triplicate Simulation Runs (n=3 x 100,000
patients)',
fontsize=16, fontweight="bold")
ax.grid(True, axis="y', alpha=0.3)

# Add consistency scores

consistency_scores = [9.98, 9.95, 9.08, 9.89, 9.87, 9.76, 9.12]

for i, (score, box) in enumerate(zip(consistency_scores, box_plot['boxes'])):
y_pos = box.get_bbox().y1 + (ax.get_ylim()[1] - ax.get_ylim()[0]) * 0.02
ax.text(i+1, y_pos, f'CS: {score}', ha='center’, fontsize=10,

bbox=dict(boxstyle="round’, facecolor="yellow', alpha=0.5))

# Add legend
ax.text(0.02, 0.98, 'CS = Al Consistency Score (out of 10)\nMean line shown in green',
transform=ax.transAxes, fontsize=10, verticalalignment="top',

bbox=dict(boxstyle="round', facecolor='white', alpha=0.8))

plt.xticks(rotation=0)

plt.tight_layout()

plt.savefig('06_boxplot_cross_trial_reproducibility.png’, dpi=300, bbox_inches="tight')
plt.show()



## 07) Waterfall Plot of KRAS G12C Response

“python
import matplotlib.pyplot as plt

import numpy as np

# Treatment arms

arms = [[Arm A:\nTriplet\n(+Dara)', 'Arm B:\nMita+lipo-IRI\n(No Dara)',
'Arm C:\nDara+lipo-IR\n(+Dara)', 'Arm D:\nDara+Mita\n(+Dara)’,
'Arm E:\nControl\n(No Dara)']

# Percent change in median OS for KRAS G12C patients vs non-G12C
# Positive values indicate benefit for G12C patients

kras_g12c_benefit = [45, -5, 38, 42, -2] # Daraxonrasib-containing arms show benefit

# Sort by benefit
sorted_indices = np.argsort(kras_g12c_benefit)[::-1]
sorted_arms = [arms]Ji] for i in sorted_indices]

sorted_benefits = [kras_g12c_benefit[i] for i in sorted_indices]

# Colors based on Daraxonrasib presence
colors = ['#2ecc71' if benefit > 20 else '#e74c3c' if benefit < 0 else '#f39¢c12'

for benefit in sorted_benefits]

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))

# Create waterfall plot
X_pos = np.arange(len(sorted_arms))

bars = ax.bar(x_pos, sorted_benefits, color=colors, alpha=0.8, edgecolor='black’, linewidth=2)

# Add value labels on bars
for i, (bar, value) in enumerate(zip(bars, sorted_benefits)):
height = bar.get_height()
label_y = height + 1.5 if height > O else height - 3
ax.text(bar.get_x() + bar.get_width()/2., label_y,
f{value:+.0f}%', ha="center’, va="bottom' if height > 0 else 'top’,

fontweight="bold', fontsize=12)

# Add reference line



ax.axhline(y=0, color="black’, linestyle="-', linewidth=1)

# Customize plot

ax.set_xlabel("Treatment Arms', fontsize=14)

ax.set_ylabel('Relative OS Benefit for KRAS G12C Patients (%)', fontsize=14)

ax.set_title('KRAS G12C Mutation: Differential Treatment Response\nDaraxonrasib-Containing Arms Show Clear Benefit',
fontsize=16, fontweight="bold")

ax.set_xticks(x_pos)

ax.set_xticklabels(sorted_arms)

ax.set_ylim(-10, 50)

ax.grid(True, axis='y', alpha=0.3)

# Add legend

from matplotlib.patches import Patch

legend_elements = [Patch(facecolor="#2ecc71', label="Contains Daraxonrasib (KRAS G12C inhibitor)"),
Patch(facecolor="#e74c3c', label="No Daraxonrasib')]

ax.legend(handles=legend_elements, loc="upper right")

# Add annotation
ax.text(0.02, 0.95, fARCH-05 subgroup analysis\n~5% of patients with KRAS G12C mutation’,
transform=ax.transAxes, fontsize=11, verticalalignment="top’',

bbox=dict(boxstyle="round', facecolor='wheat', alpha=0.5))

plt.tight_layout()
plt.savefig('07_waterfall_kras_g12c_response.png', dpi=300, bbox_inches="tight')
plt.show()

## 08) Scatter Plot Matrix of Al Model Agreement

python

import matplotlib.pyplot as plt
import seaborn as sns

import pandas as pd

import numpy as np

# Generate consistency scores for different metrics across 5 Al models

np.random.seed(42)

# Al models
models = ['grk4', 'grk3', 'ops4', 'g25p', '03pr']



# Create correlation data showing clustering patterns
# grk4, g25p, and o3pr form tight cluster; grk3 and ops4 are minor outliers

base_scores = np.random.uniform(8.5, 9.5, 20)

# Generate scores with correlations

data = {}

data['grk4'] = base_scores + np.random.normal(0, 0.1, 20)

data['g25p'] = data['grk4'] + np.random.normal(0, 0.15, 20) # High correlation with grk4
data['o3pr'] = data['grk4'] + np.random.normal(0, 0.12, 20) # High correlation with grk4
data['grk3'] = base_scores + np.random.normal(0.3, 0.3, 20) # Minor outlier

data['ops4'] = base_scores + np.random.normal(-0.2, 0.35, 20) # Minor outlier

# Ensure scores are within valid range
for model in models:
data[model] = np.clip(data[model], 7.5, 10.0)

# Create DataFrame
df = pd.DataFrame(data)

# Create scatter plot matrix

fig = plt.figure(figsize=(12, 10))

# Create custom scatter plot matrix with correlation annotations

g = sns.PairGrid(df, diag_sharey=False)

# Upper triangle: scatter plots

g.map_upper(sns.scatterplot, alpha=0.6, s=50)

# Diagonal: KDE plots
g.map_diag(sns.kdeplot, fill=True, alpha=0.5)

# Lower triangle: correlation values
def corr_text(x, y, **kwargs):
ax = plt.gca()
r = np.corrcoef(x, y)[0, 1]
ax.text(0.5, 0.5, fr = {r:.3f}', transform=ax.transAxes,
ha='center', va='center', fontsize=14, fontweight="bold’,
bbox=dict(boxstyle="round’, facecolor="wheat', alpha=0.5))
ax.set_xlim(ax.get_xlim())

ax.set_ylim(ax.get_ylim())



g.map_lower(corr_text)

# Add title
fig.suptitle('Al Model Agreement: Pairwise Correlations of Consistency Scores\n5-Model Cross-Verification Analysis',
fontsize=16, fontweight="bold', y=0.98)

# Add annotation about clustering
fig.text(0.5, 0.02, 'Note: grk4, g25p, and o3pr form tight cluster; grk3 and ops4 show minor systematic differences’,

ha='center’, fontsize=11, style='italic')

plt.tight_layout()
plt.savefig('08_scatter_matrix_ai_agreement.png', dpi=300, bbox_inches="tight')

plt.show()

## 09) Sankey Diagram of Patient Flow
“python

import matplotlib.pyplot as plt

import matplotlib.patches as patches

from matplotlib.patches import FancyBboxPatch, PathPatch
from matplotlib.path import Path

import numpy as np

# Create figure

fig, ax = plt.subplots(figsize=(14, 10))

# Define positions
start x=0.1
arm_x=0.3
outcome_x=0.7
end x=0.9

# Total patients
total_patients = 100000
patients_per_arm = 20000

# Define vertical positions
arm_positions = np.linspace(0.1, 0.9, 5)
arms = ['Arm A: Triplet', 'Arm B: Mita+lipo-IRI', '"Arm C: Dara+lipo-IRI',



'Arm D: Dara+Mita', 'Arm E: Control']

# Outcome proportions (estimated)
progression_rates = [0.65, 0.70, 0.72, 0.68, 0.75] # By 12 months
death_rates = [0.35, 0.40, 0.42, 0.38, 0.45] # By 12 months

# Draw initial population box
initial_box = FancyBboxPatch((start_x-0.05, 0.4), 0.1, 0.2,
boxstyle="round,pad=0.01",
facecolor="lightblue', edgecolor="black’, linewidth=2)
ax.add_patch(initial_box)

ax.text(start_x, 0.5, f100,000\nPatients', ha='center’, va='center’, fontweight='bold', fontsize=12)

# Draw treatment arm boxes and flows from initial
for i, (arm, pos) in enumerate(zip(arms, arm_positions)):
# Arm box
arm_box = FancyBboxPatch((arm_x-0.05, pos-0.04), 0.1, 0.08,
boxstyle="round,pad=0.01",
facecolor="lightgreen', edgecolor="black’, linewidth=2)
ax.add_patch(arm_box)

ax.text(arm_x, pos, f{arm}\nn=20,000', ha='center', va='center', fontsize=10)

# Flow from initial to arm
verts = [(start_x+0.05, 0.5), (start_x+0.1, 0.5),

(arm_x-0.1, pos), (arm_x-0.05, pos)]
codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path. CURVE4]
path = Path(verts, codes)
patch = PathPatch(path, facecolor="lightblue', alpha=0.3, linewidth=0)
ax.add_patch(patch)

# Draw outcome boxes
outcomes = ['Progression’, 'Death’, 'Ongoing']
outcome_positions =[0.7, 0.5, 0.3]

outcome_colors = ['orange’, 'red’, 'green’]

for outcome, pos, color in zip(outcomes, outcome_positions, outcome_colors):
outcome_box = FancyBboxPatch((outcome_x-0.05, pos-0.05), 0.1, 0.1,
boxstyle="round,pad=0.01",
facecolor=color, alpha=0.7, edgecolor="black’, linewidth=2)
ax.add_patch(outcome_box)

ax.text(outcome_x, pos, outcome, ha='center', va='center', fontweight="bold', fontsize=11)



# Draw flows from arms to outcomes
for i, (arm_pos, prog_rate, death_rate) in enumerate(zip(arm_positions, progression_rates, death_rates)):
ongoing_rate = 1 - prog_rate - death_rate

# To progression
width = prog_rate * 0.03
verts = [(arm_x+0.05, arm_pos), (arm_x+0.15, arm_pos),
(outcome_x-0.15, outcome_ positions[0]), (outcome_x-0.05, outcome_positions[0])]
codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path. CURVE4]
path = Path(verts, codes)
patch = PathPatch(path, facecolor='orange', alpha=0.3*prog_rate, linewidth=0)
ax.add_patch(patch)

# To death
width = death_rate * 0.03
verts = [(arm_x+0.05, arm_pos), (arm_x+0.15, arm_pos),
(outcome_x-0.15, outcome_positions[1]), (outcome_x-0.05, outcome_positions[1])]
codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path. CURVE4]
path = Path(verts, codes)
patch = PathPatch(path, facecolor="red', alpha=0.3*death_rate, linewidth=0)
ax.add_patch(patch)

# Add time annotations
ax.text(0.5, 0.05, 'Randomization’, ha="center', fontsize=10, style='italic')
ax.text(0.5, 0.02, ']', ha='center’, fontsize=14)

ax.text(0.5, -0.02, '12 Month Outcomes', ha='center', fontsize=10, style='italic")

# Customize plot

ax.set_xlim(0, 1)

ax.set_ylim(-0.1, 1)

ax.axis('off")

ax.set_title('Patient Flow Through Virtual Trial: Allocation and 12-Month Outcomes\n100,000-Patient PDAC Simulation’,
fontsize=16, fontweight="bold', pad=20)

# Add legend
legend_text = 'Flow width proportional to patient numbers\nBest outcomes: Arm A (Triplet)\nWorst outcomes: Arm E
(Controly'
ax.text(0.95, 0.95, legend_text, transform=ax.transAxes, fontsize=10,
verticalalignment="top', horizontalalignment="right’,

bbox=dict(boxstyle="round', facecolor='wheat', alpha=0.5))



plt.tight_layout()
plt.savefig('09_sankey_patient_flow.png', dpi=300, bbox_inches="tight")
plt.show()

## 10) Combined Efficacy-Safety Bubble Plot
“python
import matplotlib.pyplot as plt

import numpy as np

# Treatment arms data

arms = ['Arm A:\nTriplet', 'Arm B:\nMita+\nlipo-IRI', 'Arm C:\nDara+\nlipo-IRI',
'Arm D:\nDara+\nMita', 'Arm E:\nControl]

median_os =[8.7, 7.8, 7.5, 8.0, 6.1] # months

grade3 ae =[94, 88, 85, 82, 76.5] # percentage

patient_count = [20000] * 5 # all arms have equal patients

# Colors for each arm
colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12', '#95a5a6']

# Create figure
fig, ax = plt.subplots(figsize=(12, 9))

# Create bubble plot
fori, (arm, os, ae, n, color) in enumerate(zip(arms, median_os, grade3_ae, patient_count, colors)):
# Bubble size proportional to patient count (all same in this case)

size = n /50 # Scale for visualization

# Plot bubble
scatter = ax.scatter(ae, os, s=size, c=color, alpha=0.6, edgecolors='black’, linewidth=2)

# Add arm label
ax.annotate(arm, (ae, os), xytext=(0, -20), textcoords='offset points',

ha='center', fontsize=10, fontweight='bold")

# Add quadrant lines for decision support
ax.axvline(x=85, color='gray', linestyle='--', alpha=0.5)

ax.axhline(y=7.5, color='gray', linestyle="--', alpha=0.5)



# Add quadrant labels
ax.text(78, 9, 'High Efficacy\nLow Toxicity', ha='center', va='center’,

fontsize=11, style='italic’, bbox=dict(boxstyle="round’, facecolor='lightgreen', alpha=0.3))
ax.text(92, 9, 'High Efficacy\nHigh Toxicity', ha='center', va='center’,

fontsize=11, style='"italic', bbox=dict(boxstyle="round’, facecolor="yellow', alpha=0.3))
ax.text(78, 6, 'Low Efficacy\nLow Toxicity', ha='center', va='center’,

fontsize=11, style='"italic', bbox=dict(boxstyle="round', facecolor='lightblue', alpha=0.3))
ax.text(92, 6, 'Low Efficacy\nHigh Toxicity', ha='center’, va='center’,

fontsize=11, style='italic', bbox=dict(boxstyle="round’, facecolor="lightcoral', alpha=0.3))

# Customize plot

ax.set_xlabel('Grade 3+ Adverse Events (%)', fontsize=14)

ax.set_ylabel('Median Overall Survival (months)', fontsize=14)

ax.set_title('Efficacy vs Toxicity Trade-off Analysis\n100,000-Patient PDAC Virtual Trial',
fontsize=16, fontweight="bold'")

ax.set_xlim(74, 96)

ax.set_ylim(5.5, 9.5)

ax.grid(True, alpha=0.3)

# Add arrows for optimal choices

# Arrow pointing to Arm A for maximum efficacy

ax.annotate(", xy=(94, 8.7), xytext=(96, 9.2),
arrowprops=dict(arrowstyle="->', color="red', lw=2))

ax.text(96.5, 9.2, 'Maximum\nEfficacy', fontsize=10, color="red’, fontweight="bold")

# Arrow pointing to Arm D for balanced choice
ax.annotate(", xy=(82, 8.0), xytext=(74, 8.5),
arrowprops=dict(arrowstyle="->', color='green’, Iw=2))

ax.text(71, 8.5, 'Balanced\nChoice', fontsize=10, color='green’, fontweight='bold')

# Add legend for bubble size
ax.text(0.02, 0.02, f'All bubbles represent n=20,000 patients’,
transform=ax.transAxes, fontsize=10,

bbox=dict(boxstyle="round', facecolor='white', alpha=0.8))

# Add key insight
insight_text = 'Key Insight: Arm D (Daraxonrasib + Mitazalimab)\noffers best efficacy-safety balance for most patients'
ax.text(0.5, 0.02, insight_text, transform=ax.transAxes, fontsize=11,

ha='center', bbox=dict(boxstyle="round', facecolor="wheat', alpha=0.7))

plt.tight_layout()



plt.savefig('10_bubble_efficacy_safety.png’, dpi=300, bbox_inches="tight')
plt.show()

End Report

Research Summary Generation S7b1: 217 Words

The user is asking for 10 separate Python visualization scripts based on a comprehensive analysis of a 100,000-patient
triplicate simulation study for advanced Pancreatic Ductal Adenocarcinoma (PDAC). | need to create 10 different
visualization scripts that effectively communicate the key findings from this virtual trial.

Let me analyze the key data points from the document:

1. Study has 5 arms:
Arm A: Triplet (Daraxonrasib + Mitazalimab + liposomal Irinotecan) - OS ~8.7 months, Grade 3+ AE: 94%
Arm B: Doublet (Mitazalimab + liposomal Irinotecan)
Arm C: Doublet (Daraxonrasib + liposomal Irinotecan)
Arm D: Doublet (Daraxonrasib + Mitazalimab) - OS HR ~0.76
Arm E: Control (nal-IRI + 5-FU chemotherapy) - OS ~6.1 months, Grade 3+ AE: 76.5%
2. Key metrics:
o OS Hazard Ratio for Arm A: ~0.69
Median PFS for control: 3.1 months
Median OS for control: 6.1 months
7 patient archetypes (ARCH-01 to ARCH-07)
KRAS G12C mutation status important for treatment response
o High reproducibility across triplicate runs
3. External validation:
o High concordance with Flatiron data for OS (Pearson r = 0.999)
o Mismatch in ECOG distribution
4. Al models used: grk4, grk3, ops4, g25p, o3pr

O O O O O

o O O O

I'll craft visualization scripts that capture the nuanced treatment outcomes, focusing on comparative analysis across
different treatment arms and patient archetypes. The scripts will leverage matplotlib and seaborn to create
comprehensive visual representations of the complex simulation data.



Generation 57b2 (Formatted)
Opus 4 Extended

36031 characters., 4 minutes 43.42 seconds

Start Report

Here are 10 Python visualization scripts for the PDAC virtual trial analysis:

01) Kaplan-Meier Survival Curves
Python

import numpy as np
import matplotlib.pyplot as plt
from matplotlib.patches import Rectangle

import pandas as pd

# Set white background style
plt.style.use( 'default')
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Generate survival data based on exponential model

def generate_survival_data(median_os, n_patients=20000, max_time=24):
"""Generate survival times using exponential distribution"""
lambda_param = np.log(2) / median_os

times = np.random.exponential(1/lambda_param, n_patients)



times = np.minimum(times, max_time) # Censor at 24 months

return times

# Treatment arms with median 0S from document

arms_data = {

"Arm A: Triplet Therapy': {'median': 8.7, 'color': '#e74c3c'},

"Arm B: Mitaz + lipo-IRI': {'median': 7.8, 'color': '#3498db'},

Arm C: Darax + lipo-IRI': {'median': 7.5, 'color': '#2ecc71'},

Arm D: Darax + Mitaz': {'median': 8.0, 'color': '#f39c12'},

"Arm E: Control (nal-IRI + 5-FU)': {'median': 6.1, 'color': '#95a5a6'}

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))

# Generate and plot KM curves

time_points = np.linspace(0, 24, 1080)

for arm_name, arm_info in arms_data.items():

# Generate survival times

survival_times = generate_survival_data(arm_info[ 'median’'])



# Calculate KM estimates

survival_prob = []

for t in time_points:

survival_prob.append(np.mean(survival_times > t))

# Plot with confidence bands

survival_prob = np.array(survival_prob)

n = len(survival_times)

se = np.sqrt(survival_prob * (1 - survival_prob) / n)

ci_lower survival_prob - 1.96 * se

survival_prob + 1.96 * se

ci_upper

# Plot main survival curve

ax.plot(time_points, survival_prob * 100,

label=f"{arm_name} (Median: {arm_info[ 'median']:.1f} mo)",

color=arm_info[ 'color'], linewidth=2.5)

# Add confidence interval

ax.fill_between(time_points, ci_lower * 100, ci_upper * 100,



color=arm_info[ 'color'], alpha=0.15)

# Add median 0OS annotations
for arm_name, arm_info in arms_data.items():
median_os = arm_info[ 'median']
y_pos = 50 # 50% survival
ax.plot([median_os, median_os], [0, y_pos],
color=arm_info[ 'color'], linestyle='--', alpha=0.5, linewidth=1)
ax.plot([@, median_os], [y_pos, y_pos],

color=arm_info[ 'color'], linestyle='--', alpha=0.5, linewidth=1)

# Styling
ax.set_xlabel('Time (months)', fontsize=14, fontweight='bold")
ax.set_ylabel('Overall Survival (%)', fontsize=14, fontweight='bold")

ax.set_title('Kaplan-Meier Overall Survival Curves by Treatment Arm\n100,000-Patient
Virtual PDAC Trial',

fontsize=16, fontweight='bold', pad=20)
ax.grid(True, alpha=0.3, linestyle='-', linewidth=0.5)
ax.set_x1lim(@, 24)

ax.set_ylim(@, 100)



ax.legend(loc="'lower left', frameon=True, fancybox=True, shadow=True)

# Add number at risk table
risk_times = [0, 6, 12, 18, 24]
y_offset = -15
for i, (arm_name, arm_info) in enumerate(arms_data.items()):
ax.text(-2, y_offset - i*3, arm_name.split(':')[0], fontsize=1@, ha='right')
survival_times = generate_survival_data(arm_info[ 'median'])
for t in risk_times:
n_at_risk = np.sum(survival_times > t)

ax.text(t, y_offset - i*3, str(n_at_risk), fontsize=10, ha='center')

ax.text(-2, y_offset + 3, 'Number at Risk:', fontsize=10, ha='right',
fontweight="bold")

for t in risk_times:

ax.text(t, y_offset + 3, str(t), fontsize=10, ha='center', fontweight='bold")

plt.tight_layout()

plt.show()

02) Forest Plot of Hazard Ratios



Python

import matplotlib.pyplot as plt

import numpy as np

plt.style.use('default")

plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams|['axes.facecolor'] = 'white'

# Data from document
forest_data = {
"Overall Survival': {
"Arm A: Triplet': {'HR': ©8.69, 'CI': (0.67, ©.71)},
"Arm B: Mitaz + 1lipo-IRI': {'HR': ©.78, 'CI': (0.76, 0.80)},
"Arm C: Darax + 1lipo-IRI': {'HR': ©.81, 'CI': (0.79, 0.83)},
Arm D: Darax + Mitaz': {'HR': ©.76, 'CI': (©.74, 0.78)}
i
'Progression-Free Survival': {
"Arm A: Triplet': {'HR': 0.65, 'CI': (0.63, 0.67)},
"Arm B: Mitaz + 1lipo-IRI': {'HR': ©.75, 'CI': (0.73, 0.77)},
"Arm C: Darax + lipo-IRI': {'HR': ©.78, 'CI': (©.76, 0.80)},

"Arm D: Darax + Mitaz': {'HR': ©.72, 'CI': (©.70, 0.74)}



fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(16, 10))

for ax, endpoint in zip([ax1, ax2], ['Overall Survival', 'Progression-Free
Survival']):

data = forest_data[endpoint]

# Prepare data

arms = list(data.keys())

hrs = [datalarm]['HR'] for arm in arms]

[data[arm]['CI'][0] for arm in arms]

ci_lower

ci_upper [data[arm]['CI'][1] for arm in arms]

# Y positions

y_pos = np.arange(len(arms))

# Plot reference line at HR=1

ax.axvline(x=1, color='black', linestyle='--', alpha=0.5, linewidth=1)



# Plot confidence intervals

for i, arm in enumerate(arms):

ax.plot([ci_lower[i], ci_upper[i]], [y_pos[i], y_pos[il]],

'k-", linewidth=2)

# Plot HR points

colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12']

for i, (hr, color) in enumerate(zip(hrs, colors)):

ax.scatter(hr, y_pos[i], s=200, color=color, zorder=5,

edgecolor="'black', linewidth=1.5)

# Add HR text

ax.text(hr + 0.02, y_pos[i], f'HR={hr:.2f}",

va='center', fontsize=11, fontweight='bold")

# Add CI text

ax.text(ci_upper[i] + ©.02, y_pos[i],

f'({ci_lower[i]:.2f}-{ci_upper[i]:.2f})",

va='center', fontsize=10)



# Styling

ax.set_yticks(y_pos)

ax.set_yticklabels(arms, fontsize=12)

ax.set_xlabel('Hazard Ratio vs Control (Arm E)', fontsize=14, fontweight='bold")

ax.set_title(f'{endpoint} Hazard Ratios\nvs Control Arm',

fontsize=16, fontweight='bold', pad=15)

ax.grid(True, axis='x', alpha=0.3)

ax.set_xlim(@0.6, 1.1)

# Add favors labels

ax.text(0.65, -0.7, '~ Favors Treatment', fontsize=11, ha='left',
style="italic')

ax.text(0.95, -0.7, 'Favors Control -', fontsize=11, ha='right', style='italic')

# Add shaded regions

ax.axvspan(0.6, 1.0, alpha=0.85, color='green')

ax.axvspan(1.0, 1.1, alpha=0.85, color='red")

plt.suptitle('Forest Plot: Treatment Effects vs Control\n100,000-Patient Virtual
PDAC Trial',



fontsize=18, fontweight='bold', y=0.98)
plt.tight_layout()

plt.show()

03) Stacked Bar Chart of Adverse Events

Python

import matplotlib.pyplot as plt

import numpy as np

plt.style.use('default")

plt.rcParams['figure.facecolor'] = 'white

plt.rcParams|['axes.facecolor'] = 'white'

# Adverse event data based on document

ae_data = {
"Arm A:\nTriplet': {'Grade 3': 45, 'Grade 4': 35, 'Grade 5'
"Arm B:\nMitaz +\nlipo-IRI': {'Grade 3': 42, 'Grade 4': 28,

"Arm C:\nDarax +\nlipo-IRI': {'Grade 3': 40, 'Grade 4': 26,

"Arm E:\nControl': {'Grade 3': 40, 'Grade 4': 25, 'Grade 5':

1 143,

'Grade

'Grade

Arm D:\nDarax +\nMitaz': {'Grade 3': 38, 'Grade 4': 20, 'Grade 5':

11.5}

X

5"

7},

: 10},

: 9},



# Prepare data

arms = list(ae_data.keys())

grade3 = [ae_data[arm]['Grade 3'] for arm in arms]
grade4 = [ae_datalarm]['Grade 4'] for arm in arms]
grade5 = [ae_datalarm]['Grade 5'] for arm in arms]

# Calculate totals

totals = [g3 + g4 + g5 for g3, g4, g5 in zip(grade3, grade4, grade5)]

# Create figure

fig, ax = plt.subplots(figsize=(12, 8))

# Width of bars
bar_width = 0.6

X_pos = np.arange(len(arms))

# Create stacked bars

p1 = ax.bar(x_pos, grade3, bar_width, label='Grade 3',



color="#f39c12', edgecolor='black', linewidth=1)

p2 = ax.bar(x_pos, grade4, bar_width, bottom=grade3, label='Grade 4',
color="#e74c3c', edgecolor='black', linewidth=1)
p3 = ax.bar(x_pos, grade5, bar_width, bottom=np.array(grade3)+np.array(grade4),

label="'Grade 5 (Fatal)', color='#c@392b', edgecolor='black',
linewidth=1)

# Add total percentage labels on top

for i, total in enumerate(totals):

ax.text(i, total + 1, f'{total:.1f}%', ha='center', va='bottom',

fontsize=14, fontweight='bold")

# Add segment labels

for i in range(len(arms)):

# Grade 3

if grade3[i] > 5:

ax.text(i, grade3[i]/2, f'{grade3[i]:.0f}%",

ha='center', va='center', fontsize=10, color='white',
fontweight="bold")

# Grade 4

if grade4[i] > 5:



ax.text(i, grade3[i] + grade4[i]/2, f'{grade4[i]:.0f}%",

ha='center', va='center', fontsize=10, color='white',
fontweight="bold")

# Grade 5

if grade5[i] > 5:

ax.text(i, grade3[i] + grade4[i] + grade5[i]/2, f'{grade5[i]:.0f}%",

ha='center', va='center', fontsize=10, color='white',
fontweight="bold")

# Add reference line

ax.axhline(y=76.5, color='gray', linestyle='--', alpha=0.7, linewidth=2)

ax.text(len(arms)-0.5, 76.5, 'Control AE Rate', ha='left', va='bottom',

fontsize=10, style='italic')

# Styling

ax.set_xlabel('Treatment Arms', fontsize=14, fontweight='bold")

ax.set_ylabel('Patients with Adverse Events (%)', fontsize=14, fontweight='bold")

ax.set_title('Grade =3 Adverse Events by Treatment Arm\nEfficacy-Toxicity Trade-off
Analysis',

fontsize=16, fontweight='bold', pad=20)

ax.set_xticks(x_pos)



ax.set_xticklabels(arms, fontsize=11)
ax.set_ylim(@, 105)
ax.grid(True, axis='y', alpha=0.3)

ax.legend(loc="upper left', frameon=True, fancybox=True, shadow=True)

# Add annotation box

textstr = 'Key Finding: Triplet therapy (Arm A) shows\nhighest efficacy but also
highest toxicity (94%)'

props = dict(boxstyle='round', facecolor='wheat', alpha=0.8)
ax.text(0.98, 0.5, textstr, transform=ax.transAxes, fontsize=12,

verticalalignment='center', horizontalalignment='right', bbox=props)

plt.tight_layout()

plt.show()

04) Heatmap of Archetype-Specific Outcomes
Python

import matplotlib.pyplot as plt
import seaborn as sns
import numpy as np

import pandas as pd



plt.style.use( 'default')

plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Create data matrix based on document archetypes

archetypes = |

"ARCH-01: Young Fit Metastatic',

"ARCH-02: Elderly Frail Metastatic',

"ARCH-03: LAPC Standard Fitness',

"ARCH-04: Young Fit BRCAm',

"ARCH-85: Metastatic KRAS G12C',

"ARCH-06: Metastatic High Stroma',

"ARCH-07: Advanced Refractory PS1'

arms = ['Arm A:\nTriplet', 'Arm B:\nMitaz+IRI', 'Arm C:\nDarax+IRI',

"Arm D:\nDarax+Mitaz', 'Arm E:\nControl']

# Generate realistic 0S data with archetype-specific effects



base_os = np.array([8.7, 7.8, 7.5, 8.8, 6.1])

# Create multipliers for each

archetype_effects

'ARCH-01"': [1
'ARCH-02': [®.
'ARCH-83" : [1
'ARCH-04" : [1
'ARCH-85" : [1
'ARCH-06": [®©.
'ARCH-07': [®.

# Create data matr

=

.15,

75,

.05,

.20,

.30,

85,

70,

ix

.10,

.80,

.03,

.15,

.95,

.88,

.72,

archetype
.08, 1.12,
.82, 0.85,
.02, 1.04,
.18, 1.25,
.25, 1.35,
.87, 0.86,
.71, 0.73,

.10],

.85],

.e0],

.85],

.e0],

.90],

.75]

Young fit benefit more

Elderly frail worse

LAPC slightly better

BRCA mutation benefit

KRAS G12C specific benefit

High stroma worse

Refractory worst

data_matrix = np.zeros((len(archetypes), len(arms)))

for i, arch in enumerate(archetypes):

arch_key = arch.split(':')[0]

data_matrix[i] = base_os * archetype_effects[arch_key]

# Create DataFrame



df = pd.DataFrame(data_matrix, index=archetypes, columns=arms)

# Create figure

fig, ax = plt.subplots(figsize=(12, 10))

# Create heatmap with custom colormap
cmap = plt.cm.RdY1Gn

sns.heatmap(df, annot=True, fmt='.1f', cmap=cmap, center=7.5,

linewidths=0.5, linecolor='black', cbar_kws={'label': 'Median 0S
(months) '},

ax=ax, vmin=4, vmax=12, annot_kws={'fontsize': 11, 'fontweight':
'bold'})

# Customize

ax.set_title('Median Overall Survival by Patient Archetype and Treatment
Arm\nIdentifying Precision Medicine Opportunities’,

fontsize=16, fontweight='bold', pad=20)

ax.set_xlabel('Treatment Arms', fontsize=14, fontweight='bold")

ax.set_ylabel('Patient Archetypes', fontsize=14, fontweight='bold")

# Rotate labels



ax.set_xticklabels(ax.get_xticklabels(), rotation=08, ha='center')

ax.set_yticklabels(ax.get_yticklabels(), rotation=0, ha='right')

# Add annotations for key findings

# Highlight KRAS G12C benefit

rectl = plt.Rectangle((@, 4), 1, 1, fill=False, edgecolor='blue', 1w=3)
ax.add_patch(rect1)

rect2 = plt.Rectangle((2, 4), 2, 1, fill=False, edgecolor='blue', 1lw=3)

ax.add_patch(rect2)

# Add text annotation
ax.text(5.5, 4.5, 'KRAS G12C patients benefit\nfrom Daraxonrasib-containing arms',
fontsize=11, ha='left', va='center',

bbox=dict(boxstyle="round, pad=0.3", facecolor="lightblue", alpha=0.8))

plt.tight_layout()

plt.show()

05) Radar Chart of External Validation



Python

import matplotlib.pyplot as plt

import numpy as np

from math import pi

plt.style.use('default")

plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams|['axes.facecolor'] = 'white'

# Validation metrics

categories = ['0S 6mo', 'OS 12mo', 'OS 18mo', 'OS 24mo’,

"ECOG @', 'ECOG 1', "ECOG 2']

N = len(categories)

# Simulation data (normalized to 0-100 scale for comparison)

simulation_values = [65, 35, 15, 5, 45, 40, 15] # From document

flatiron_values = [63.5, 33.5, 14, 4.5, 40, 54, 34] # From validation

# Calculate angles for each axis

angles = [n / float(N) * 2 * pi for n in range(N)]

angles += angles[:1]



# Initialize the plot

fig, ax = plt.subplots(figsize=(10, 10), subplot_kw=dict(projection="'polar'))

# Draw one axis per variable and add labels

plt.xticks(angles[:-1], categories, size=12)

# Draw the two data series

simulation_values += simulation_values[:1]

flatiron_values += flatiron_values][:1]

ax.plot(angles, simulation_values, 'o-', linewidth=2, label='Simulation',
color="#3498db")

ax.fill(angles, simulation_values, alpha=0.25, color='#3498db")

ax.plot(angles, flatiron_values, 'o-', linewidth=2, label='Flatiron RWD',
color="#e74c3c")

ax.fill(angles, flatiron_values, alpha=0.25, color='#e74c3c"')

# Add reference circles

ax.set_ylim(@, 70)



ax.set_yticks([10, 28, 30, 40, 58, 60])
ax.set_yticklabels(['10%', '20%', '30%', '40%', '50%', '60%'], size=10)

ax.grid(True)

# Add validation threshold zones
threshold_angles = np.linspace(@, 2*np.pi, 100)
for metric_idx in range(N):
if '"ECOG' in categories[metric_idx]:
# ECOG metrics failed validation
start_angle = angles[metric_idx] - pi/N
end_angle = angles[metric_idx] + pi/N
theta = np.linspace(start_angle, end_angle, 50)

ax.fill_between(theta, 0, 70, alpha=0.1, color='red")

# Title and legend

plt.title('External Validation: Simulation vs Real-World Data\nControl Arm
Comparison',

size=16, fontweight='bold', pad=30)

plt.legend(loc="upper right', bbox_to_anchor=(1.2, 1.1), frameon=True,
fancybox=True)



# Add annotations

fig.text(0.5, 0.02, 'Red zones indicate metrics failing +5% validation threshold\n'
+

'0S metrics show high concordance; ECOG distribution requires refinement’,

ha='center', fontsize=11, style='italic')

plt.tight_layout()

plt.show()

06) Box Plot of Cross-Trial Reproducibility

Python

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

plt.style.use('default")
plt.rcParams|'figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Generate reproducibility data for three trials

np.random.seed(42)



metrics

# Data for each metric across 3 trials (5 arms x 3 trials

= [ 'Median 0S\n(months)"',

'"PFS HR',

'0S HR',

'Grade 3+ AE\n(%)']

'"Median PFS\n(months)"',

15 values per metric)

# Using very tight distributions to show high reproducibility

trial_data =

{

‘Median 0S\n(months)': {

'0S

"Arm

Arm

Arm

Arm

"Arm

HR' :

Arm

Arm

"Arm

Arm

Arm

A':

np

:np.

. np.

. np.

"I np.

:np.

. np.

. np.

:np.

[1

.random.

random

.0, 1.0,

random.

random.

random.

random.

random.

random.

random.

normal(8.

normal(7.

normal(7.

normal(8.

normal(6.

normal(9.

normal(0.

.normal(@.

normal(0.

1.0] #

69,

78,

81,

76,

0.05, 3)

0.04, 3)

0.04, 3)

0.085, 3)

.03, 3)

0.005,

0.004,

0.004,

0.005,

Reference

’

’

)

1]

3),

3),

3),

3),



b

‘Median PFS\n(months)': {

"Arm A':

"Arm B':

"Arm C':

"Arm E':

}l

'PFS HR': {

"Arm A':

"Arm D'

b

Arm D' :

Arm B':

Arm C':

Arm E':

np.random.

np.random.

np.random.

np.random.

np.random.

np.random.

np.random.

np.random.

: np.random.

[1.0, 1.0,

'Grade 3+ AE\Nn(%)': {

"Arm A':

"Arm B':

"Arm C':

"Arm D' :

np.random.

np.random.

np.random.

np.random.

normal(4.

normal(4.

normal(3.

normal(4.

normal(3.

normal(9.

normal(9.

normal(0.

normal(©.

1.0] #

normal (94,

normal (80,

normal(75,

normal(65,

65,

75,

78,

72,

.03, 3)

.02, 3)

.02, 3)

0.03, 3)

.62, 3)

0.004,

0.003,

0.003,

0.004,

Reference

0.5, 3),

0.4, 3),

0.4, 3),

0.3, 3),

1

’

’

]

3),

3),

3),

3),



"Arm E': np.random.normal(76.5, 0.4, 3)

# Create figure with subplots

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

axes = axes.flatten()

colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12', '#95abab6']

for idx, metric in enumerate(metrics):

ax = axes[idx]

# Prepare data for box plot

data_to_plot = []

labels = []

positions = []

for i, (arm, values) in enumerate(trial_data[metric].items()):

data_to_plot.append(values)



labels.append(arm)

positions.append(i)

# Create box plot

bp = ax.boxplot(data_to_plot, positions=positions, widths=0.6,

patch_artist=True, notch=True, showmeans=True)

# Customize box plots

for patch, color in zip(bp['boxes'], colors):

patch.set_facecolor(color)

patch.set_alpha(0.7)

# Customize other elements

for element in ['whiskers', 'fliers', 'medians', 'caps']:

plt.setp(bp[element], color='black')

plt.setp(bp['means'], markerfacecolor='red', markeredgecolor='red',

markersize=8, marker='D")

# Add consistency score

all_values = np.concatenate(list(trial_data[metric].values()))



cv = np.std(all_values) / np.mean(all_values) * 100 # Coefficient of variation

consistency_score = max(®, 10 - cv) # Convert to 0-10 scale

ax.text(0.95, 0.95, f'Consistency Score: {consistency_score:.1f}/10",
transform=ax.transAxes, ha='right', va='top’,
bbox=dict(boxstyle="'round', facecolor='lightgreen', alpha=0.8),

fontsize=10, fontweight='bold")

# Styling

ax.set_xticklabels(labels, rotation=45, ha='right')
ax.set_title(metric, fontsize=12, fontweight='bold")
ax.grid(True, axis='y', alpha=0.3)

ax.set_ylabel('Value', fontsize=10)

# Remove empty subplot

axes[-1].remove()

# Main title

fig.suptitle('Cross-Trial Reproducibility Analysis\nTriplicate Simulation Results
Showing High Consistency',



fontsize=18, fontweight='bold")

# Add legend

handles = [plt.Rectangle((©,0),1,1, color=c, alpha=0.7) for ¢ in colors]
labels = ['Arm A', 'Arm B', 'Arm C', 'Arm D', 'Arm E']
fig.legend(handles, labels, loc='center', bbox_to_anchor=(0.83, 0.25),

frameon=True, fancybox=True, shadow=True)

plt.tight_layout()

plt.show()

07) Waterfall Plot of KRAS G12C Response

Python

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

plt.style.use( 'default')
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams| 'axes.facecolor'] = 'white'



# Generate patient-level response data for KRAS G12C subgroup

np.random.seed(42)

n_patients_per_arm = 50 # Subset for visualization

# Response data (% change in tumor size)

# Daraxonrasib-containing arms (A, C, D) show better response

response_data = {

"Arm A (Darax+)': np.random.normal(-35, 15, n_patients_per_arm),

Arm B (No Darax)': np.random.normal(-5, 20, n_patients_per_arm),

Arm C (Darax+)': np.random.normal(-30, 15, n_patients_per_arm),

Arm D (Darax+)': np.random.normal(-32, 15, n_patients_per_arm),

"Arm E (No Darax)': np.random.normal(5, 25, n_patients_per_arm),

# Create figure

fig, ax = plt.subplots(figsize=(14, 8))

# Combine and sort all responses

all_responses = []



[]

all_colors

all_labels [1]

colors_map = {

Arm A (Darax+)': '#e74c3c’,
"Arm B (No Darax)': '#95ab5a6',
"Arm C (Darax+)': '#2ecc71',

Arm D (Darax+)': '#f39c12',

Arm E (No Darax)': '#34495e'

for arm, responses in response_data.items():

all_responses.extend(responses)

all_colors.extend([colors_map[arm]] * len(responses))

all_labels.extend([arm] * len(responses))

# Create DataFrame and sort

df = pd.DataFrame({

'response’ : all_responses,

‘color': all_colors,



‘arm' : all_labels

1)

df_sorted = df.sort_values('response')

# Plot waterfall

x = np.arange(len(df_sorted))

bars = ax.bar(x, df_sorted['response'], color=df_sorted['color'],

width=1.0, edgecolor='none', alpha=0.8)

# Add response threshold lines

ax.axhline(y=-30, color='green', linestyle='--', alpha=0.7, linewidth=2)
ax.axhline(y=20, color='red', linestyle='--', alpha=0.7, linewidth=2)
ax.axhline(y=0, color='black', linestyle='-', alpha=0.5, linewidth=1)

# Labels

ax.text(len(x)*0.02, -30, 'Partial Response (-30%)',

va='bottom', ha='left', fontsize=10, color='green')

ax.text(len(x)*0.02, 20, 'Progressive Disease (+20%)',

va='bottom', ha='left', fontsize=10, color='red")



# Calculate response rates

darax_arms

= ['Arm A (Darax+)', 'Arm C (Darax+)', 'Arm D (Darax+)']

no_darax_arms = ['Arm B (No Darax)', 'Arm E (No Darax)']

darax_responses = df[df['arm'].isin(darax_arms)]['response’]

no_darax_responses = df[df['arm'].isin(no_darax_arms)]['response']

darax_orr

(darax_responses <= -30).mean() * 100

no_darax_orr = (no_darax_responses <= -30).mean() * 100

# Add statistics box

stats_text

stats_text

stats_text

stats_text

stats_text

stats_text

stats_text

= f'KRAS G12C Patients (n={len(df)})\n\n'

+= f'Daraxonrasib-containing arms:\n'

+= f' =+ ORR: {darax_orr:.1f}%\n'

+= f' + Median response: {np.median(darax_responses):.1f}%\n\n'

+= f'Non-Daraxonrasib arms:\n'

+= f' « ORR: {no_darax_orr:.1f}%\n'

+= f' + Median response: {np.median(no_darax_responses):.1f}%'

props = dict(boxstyle='round', facecolor='lightblue', alpha=0.9)



ax.text(0.02, 0.97, stats_text, transform=ax.transAxes, fontsize=11,

verticalalignment="top', bbox=props)

# Styling

ax.set_xlabel('Individual Patients (sorted by response)', fontsize=14,
fontweight="bold")

ax.set_ylabel('Best Overall Response (%)', fontsize=14, fontweight='bold")

ax.set_title('Waterfall Plot: KRAS G12C Patient Responses by Treatment
Arm\nDemonstrating Targeted Therapy Benefit',

fontsize=16, fontweight='bold', pad=20)

ax.grid(True, axis='y', alpha=0.3)

ax.set_ylim(-80, 890)

# Legend

from matplotlib.patches import Patch

legend_elements = [Patch(facecolor=colors_map[arm], label=arm, alpha=0.8)

for arm in colors_map.keys()]

ax.legend(handles=1legend_elements, loc='upper right', frameon=True,

fancybox=True, shadow=True)

plt.tight_layout()



plt.show()

08) Scatter Plot Matrix of Al Model Agreement

Python

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

import seaborn as sns

from matplotlib.patches import Ellipse

plt.style.use('default")
plt.rcParams|['figure.facecolor'] = 'white'

plt.rcParams|'axes.facecolor'] = 'white'

# Generate AI model consistency scores based on document

np.random.seed(42)

# Metrics evaluated
metrics = ['Baseline Char.', 'Median 0S', 'OS HR', 'PFS Metrics'

"AE Rates', 'Archetype Outcomes']



# AI models

models = ['grk4', 'grk3', 'ops4', 'g25p', 'o3pr']

# Generate scores with realistic clustering (grk4, g25p, o3pr cluster together)

n_metrics = len(metrics)

base_scores = {

'grk4': np.random.normal(9.0, 0.3, n_metrics),

'g25p': np.random.normal(9.0, 0.25, n_metrics),

'o3pr': np.random.normal(8.9, 0.3, n_metrics),

'grk3': np.random.normal(8.5, 0.4, n_metrics),

‘ops4': np.random.normal(8.6, 0.35, n_metrics)

# Ensure scores are in valid range

for model in models:

base_scores[model] = np.clip(base_scores[model], 7.6, 10.0)

# Create correlation matrix

score_df = pd.DataFrame(base_scores, index=metrics)



# Create pairwise scatter plot matrix
n_models = len(models)

fig, axes = plt.subplots(n_models, n_models, figsize=(15, 15))

for i in range(n_models):
for j in range(n_models) :

ax = axes[i, j]

if i ==

# Diagonal: histogram

ax.hist(score_df[models[i]], bins=15, alpha=0.7,

color="skyblue', edgecolor='black")
ax.set_xlim(7, 10)
if i ==
ax.set_title(models[i], fontsize=12, fontweight='bold")

else:

# Off-diagonal: scatter plot

X
1}

score_df[models[j]]

score_df[models[i]]

<
1



# Color by metric type
colors = plt.cm.viridis(np.linspace(®, 1, len(metrics)))
scatter = ax.scatter(x, y, c=colors, s=100, alpha=0.7,

edgecolors="black', linewidth=1)

# Add correlation

corr = np.corrcoef(x, y)[0, 1]

ax.text(0.05, 0.95, f'r = {corr:.3f}",
transform=ax.transAxes, fontsize=10,

bbox=dict(boxstyle='round', facecolor='white', alpha=0.8))

# Add trend line

z = np.polyfit(x, y, 1)
p = np.polyld(z)
ax.plot(sorted(x), p(sorted(x)), "r--", alpha=0.5, linewidth=2)

# Add confidence ellipse for tight cluster

if models[j] in ['grk4', 'g25p', 'o3pr'] and models[i] in ['grk4',
'g25p', 'o3pr'l]:



ellipse = Ellipse((np.mean(x), np.mean(y)),

np.std(x)*2, np.std(y)*2,

alpha=0.2, color='blue')

ax.add_patch(ellipse)

ax.set_xlim(7, 10)

ax.set_ylim(7, 10)

ax.grid(True, alpha=0.3)

# Labels

if 1 == n_models - 1:

ax.set_xlabel(models[j], fontsize=18)

if j ==

ax.set_ylabel(models[i], fontsize=10)

# Remove labels for inner plots

if i < n_models - 1:

ax.set_xticklabels([])

if j > 0:

ax.set_yticklabels([])



# Main title

fig.suptitle('AI Model Agreement Matrix: Cross-Verification Consistency
Scores\nShowing Clustering of grk4, g25p, and o3pr Models',

fontsize=18, fontweight='bold', y=0.98)

# Add colorbar for metrics
sm = plt.cm.ScalarMappable(cmap=plt.cm.viridis,
norm=plt.Normalize(vmin=08, vmax=len(metrics)-1))
sm.set_array([])
cbar_ax = fig.add_axes([0.92, 6.3, 0.02, 0.4])
cbar = fig.colorbar(sm, cax=cbar_ax)
cbar.set_ticks(range(len(metrics)))
cbar.set_ticklabels(metrics)

cbar.set_label('Metrics', fontsize=12, fontweight='bold")

plt.tight_layout()

plt.show()

09) Sankey Diagram of Patient Flow



Python

import matplotlib.pyplot as plt

import matplotlib.patches as mpatches

from matplotlib.patches import Rectangle, FancyBboxPatch

import numpy as np

plt.style.use('default")

plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

fig, ax = plt.subplots(figsize=(16, 10))

# Define positions

y_positions = {

"total': 5,

'arms': [4.5, 3.5, 2.5, 1.5, 0.5],

‘events': [4.5, 3.5, 2.5, 1.5, 0.5]

# Patient numbers

total_patients = 100000



patients_per_arm = 20000

# Event rates (simplified)

progression_rates = [0.85, 0.88, 0.89, 0.87, ©.92] # By 24 months

death_rates = [0.75, 0.80, ©.82, 0.78, 0.85] # By 24 months

# Colors

arm_colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12', '#95a5a6']

arm_names = ['Arm A:\nTriplet', 'Arm B:\nMitaz+IRI', 'Arm C:\nDarax+IRI',

"Arm D:\nDarax+Mitaz', 'Arm E:\nControl']

# Draw total box

total_box = FancyBboxPatch((©, 4.7), 2, 0.6,

boxstyle="round, pad=0.065",

facecolor="'1lightgray’,

edgecolor="'black', linewidth=2)

ax.add_patch(total_box)

ax.text(1, 5, f'Total Enrolled\nn = {total_patients:,}"',

ha='center', va='center', fontsize=14, fontweight='bold")



# Draw randomization flows

for i, (y, color, name) in enumerate(zip(y_positions['arms'], arm_colors,
arm_names)) :

# Arm box

arm_box = FancyBboxPatch((3, y-0.3), 2.5, 0.6,
boxstyle="round, pad=0.065",
facecolor=color, alpha=0.7,
edgecolor="'black', linewidth=2)

ax.add_patch(arm_box)

ax.text(4.25, y, f'{name}\nn = {patients_per_arm:,}"',

ha='center', va='center', fontsize=11, fontweight='bold', color='white")

# Flow from total to arm
x_coords = [2, 3]
y_start = 5

y_end = vy

# Create curved path
verts = |

(x_coords[@], y_start),



(x_coords[@] + 8.5, y_start),
(x_coords[1] - 8.5, y_end),

(x_coords[1], y_end)

codes = [mpatches.Path.MOVETO, mpatches.Path.CURVE4,
mpatches.Path.CURVE4, mpatches.Path.LINETO]
path = mpatches.Path(verts, codes)
patch = mpatches.PathPatch(path, facecolor='none',
edgecolor=color, linewidth=2, alpha=0.5)

ax.add_patch(patch)

# Draw event boxes
event_x = 7
for i, (y, prog_rate, death_rate, color) in enumerate(zip(y_positions|['events'],

progression_rates,
death_rates,
arm_colors)):

# Calculate numbers

n_progressed = int(patients_per_arm * prog_rate)

n_died = int(patients_per_arm * death_rate)



n_alive_no_prog = patients_per_arm - n_died

# Progression box

prog_box = FancyBboxPatch((event_x, y+6.1), 2, 0.35,

boxstyle="round, pad=0.062",

facecolor='orange', alpha=0.7,

edgecolor="black', linewidth=1)

ax.add_patch(prog_box)

ax.text(event_x+1, y+0.275, f'Progressed\nn = {n_progressed:,}"',

ha='center', va='center', fontsize=9)

# Death box

death_box = FancyBboxPatch((event_x, y-0.35), 2, 0.35,

boxstyle="round, pad=0.02",

facecolor="darkred', alpha=0.7,

edgecolor="'black', linewidth=1)

ax.add_patch(death_box)

ax.text(event_x+1, y-0.175, f'Deaths\nn = {n_died:,}"',

ha='center', va='center', fontsize=9, color='white')



# Flow from arm to events

# To progression

x_coords = [5.5, event_x]

verts = |

(x_coords[@], vy),

(x_coords[@] + 0.5, y),

(x_coords[1] - 8.5, y+0.275),

(x_coords[1], y+0.275)

path = mpatches.Path(verts, codes)

patch = mpatches.PathPatch(path, facecolor='none',

edgecolor="'orange', linewidth=1.5, alpha=0.5)

ax.add_patch(patch)

# To death

verts = |

(x_coords[@], vy),

(x_coords[@] + 0.5, vy),

(x_coords[1] - 0.5, y-0.175),

(x_coords[1], y-0.175)



path = mpatches.Path(verts, codes)

patch = mpatches.PathPatch(path, facecolor='none',

edgecolor="darkred', linewidth=1.5, alpha=0.5)

ax.add_patch(patch)

# Add timeline

timeline_y = -0.5

ax.arrow(®, timeline_y, 9, 0, head_width=0.1, head_length=0.2,

fc="'black', ec='black')

for x, label in [(©, 'Enrollment'), (4.25, '12 months'), (8, '24 months')]:

ax.plot([x, x], [timeline_y-0.05, timeline_y+0.05], 'k-', linewidth=2)

ax.text(x, timeline_y-0.2, label, ha='center', fontsize=10)

# Styling

ax.set_xlim(-0.5, 9.5)

ax.set_ylim(-1, 6)

ax.axis('off")

ax.set_title('Patient Flow Through Virtual PDAC Trial\n100,000 Patients Across 5
Treatment Arms',



fontsize=18, fontweight='bold', pad=20)

# Add key findings box
findings_text = 'Key Findings at 24 months:\n' + \
'+ Highest death rate in Control (85%)\n' + \
"+ Lowest death rate in Triplet (75%)\n' + \
* Progression rates >85% in all arms'
props = dict(boxstyle='round', facecolor='lightyellow', alpha=0.9)
ax.text(0.98, 0.02, findings_text, transform=ax.transAxes, fontsize=11,

verticalalignment="'bottom', horizontalalignment='right', bbox=props)

plt.tight_layout()

plt.show()

10) Combined Efficacy-Safety Bubble Plot

Python

import matplotlib.pyplot as plt
import numpy as np

from matplotlib.patches import Circle



plt.style.use('default")

plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams|['axes.facecolor'] = 'white'

# Data from document

arms_data = {

"Arm A:\nTriplet': {

'os': 8.7,

'ae': 94,

'patients’': 20000,

‘color': '#e74c3c'

H

"Arm B:\nMitaz + 1lipo-IRI': {

'os': 7.8,

‘ae': 80,

'patients’': 20000,

‘color': '#3498db'

}l

"Arm C:\nDarax + lipo-IRI': {

'os': 7.5,



‘ae': 75,

'patients’': 20000,

‘color': '#2ecc71'

b

"Arm D:\nDarax + Mitaz': {

'os': 8.0,

‘ae': 65,

'patients’': 20000,

"color': '"#f39c12'

b

"Arm E:\nControl': {

'os': 6.1,

'ae': 76.5,

'patients’': 20000,

‘color': '#95a5a6'

# Create figure

fig, ax = plt.subplots(figsize=(14,

10))



# Plot bubbles

max_patients = max(arm['patients'] for arm in arms_data.values())

for arm_name, arm_info in arms_data.items():

# Bubble size proportional to patient number

size = (arm_info[ 'patients'] / max_patients) * 2000

# Plot bubble

ax.scatter(arm_info[ 'ae'], arm_info['os'],

s=size, color=arm_info[ 'color'],

alpha=0.6, edgecolors='black', linewidth=2)

# Add label

ax.annotate(arm_name, (arm_info['ae'], arm_info['os']),

xytext=(5, 5), textcoords='offset points',

fontsize=11, fontweight='bold")

# Add 0S and AE values

ax.text(arm_info['ae'], arm_info['os'] - 0.15,

f'0S: {arm_info["os"]:.1f}mo\nAE: {arm_info["ae"]:.0f}%",



ha='center', va='top', fontsize=9)

# Add quadrant lines

np.median([arm['os'] for arm in arms_data.values()])

median_os

np.median([arm['ae'] for arm in arms_data.values()])

median_ae

ax.axhline(y=median_os, color='gray', linestyle='--', alpha=0.5, linewidth=1)

ax.axvline(x=median_ae, color='gray', linestyle='--', alpha=0.5, linewidth=1)

# Add quadrant labels

ax.text(60, 9, 'High Efficacy\nLow Toxicity\n(Ideal)',

fontsize=12, ha='center', va='center',

bbox=dict(boxstyle='round', facecolor='lightgreen', alpha=0.3))

ax.text(90, 9, 'High Efficacy\nHigh Toxicity\n(Trade-off)"',

fontsize=12, ha='center', va='center',

bbox=dict(boxstyle="'round', facecolor='yellow', alpha=6.3))

ax.text(60, 6.5, 'Low Efficacy\nLow Toxicity',

fontsize=12, ha='center', va='center',

bbox=dict(boxstyle='round', facecolor='lightblue', alpha=0.3))

ax.text(90, 6.5, 'Low Efficacy\nHigh Toxicity\n(Avoid)",



fontsize=12, ha='center', va='center',

bbox=dict(boxstyle='round', facecolor='lightcoral', alpha=0.3))

# Add arrows for ideal direction
ax.annotate('', xy=(55, 9.5), xytext=(65, 8.5),

arrowprops=dict(arrowstyle='->"', 1lw=3, color='green', alpha=0.7))
ax.text(52, 9.7, 'Optimal\nDirection', fontsize=10, ha='center',

color="'green', fontweight='bold")

# Styling

ax.set_xlabel('Grade =3 Adverse Events (%)', fontsize=14, fontweight='bold")

ax.set_ylabel('Median Overall Survival (months)', fontsize=14, fontweight='bold")

ax.set_title('Efficacy-Safety Analysis for Treatment Selection\nBubble Size
Represents 20,000 Patients per Arm',

fontsize=16, fontweight='bold', pad=20)
ax.grid(True, alpha=0.3)
ax.set_x1lim(55, 100)

ax.set_ylim(5.5, 9.5)

# Add key insights box



insights_text = 'Key Insights for Clinical Decision-Making:\n\n' + \

‘1. Arm A (Triplet): Highest efficacy but also highest toxicity\n' +

'2. Arm D (Darax + Mitaz): Best efficacy-safety balance\n' + \
‘3. Arm E (Control): Poor efficacy with moderate toxicity\n' + \
'4. Consider patient fitness when selecting treatment'

props = dict(boxstyle='round', facecolor='wheat', alpha=0.9)

ax.text(0.02, 0.02, insights_text, transform=ax.transAxes, fontsize=11,

verticalalignment="'bottom', horizontalalignment='left', bbox=props)

plt.tight_layout()

plt.show()
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Start Report

Here are 10 Python visualization scripts for the PDAC virtual trial analysis:

## 01) Kaplan-Meier Survival Curves



“python

import numpy as np

import matplotlib.pyplot as plt

from matplotlib.patches import Rectangle

import pandas as pd

# Set white background style
plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Generate survival data based on exponential model

def generate_survival_data(median_os, n_patients=20000, max_time=24):
""Generate survival times using exponential distribution""

lambda_param = np.log(2) / median_os

times = np.random.exponential(1/lambda_param, n_patients)

times = np.minimum(times, max_time) # Censor at 24 months

return times

# Treatment arms with median OS from document
arms_data = {
'Arm A: Triplet Therapy": {'median'": 8.7, 'color": '#e74c3c'},
'Arm B: Mitaz + lipo-IRI": {'median’: 7.8, 'color": '#3498db'},
'Arm C: Darax + lipo-IRI'": {'median': 7.5, 'color": '#2ecc71'},
'Arm D: Darax + Mitaz': {median": 8.0, 'color'; '#f39c12'},
'‘Arm E: Control (nal-IRI + 5-FU)": {'median": 6.1, 'color": '#95a5a6'"}

# Create figure
fig, ax = plt.subplots(figsize=(12, 8))

# Generate and plot KM curves

time_points = np.linspace(0, 24, 100)

for arm_name, arm_info in arms_data.items():
# Generate survival times

survival_times = generate_survival_data(arm_info['median'])

# Calculate KM estimates
survival_prob =[]
for tin time_points:



survival_prob.append(np.mean(survival_times > t))

# Plot with confidence bands

survival_prob = np.array(survival_prob)

n = len(survival_times)

se = np.sqrt(survival_prob * (1 - survival_prob) / n)
ci_lower = survival_prob - 1.96 * se

ci_upper = survival_prob + 1.96 * se

# Plot main survival curve
ax.plot(time_points, survival_prob * 100,
label=f"{arm_name} (Median: {arm_info['median':.1f} mo)",

color=arm_.info['color"], linewidth=2.5)

# Add confidence interval
ax.fill_between(time_points, ci_lower * 100, ci_upper * 100,

color=arm_info['color"], alpha=0.15)

# Add median OS annotations
for arm_name, arm_info in arms_data.items():
median_os = arm_info['median']
y_pos =50 # 50% survival
ax.plot([median_os, median_os], [0, y_pos],
color=arm_info['color’, linestyle="--, alpha=0.5, linewidth=1)
ax.plot([0, median_os], [y_pos, y_pos],

color=arm_info['color", linestyle="--', alpha=0.5, linewidth=1)

# Styling

ax.set_xlabel('Time (months)', fontsize=14, fontweight="bold')

ax.set_ylabel('Overall Survival (%)', fontsize=14, fontweight="bold")

ax.set_title('Kaplan-Meier Overall Survival Curves by Treatment Arm\n100,000-Patient Virtual PDAC Trial',
fontsize=16, fontweight="bold', pad=20)

ax.grid(True, alpha=0.3, linestyle="-', linewidth=0.5)

ax.set_xlim(0, 24)

ax.set_ylim(0, 100)

ax.legend(loc='"lower left', frameon=True, fancybox=True, shadow=True)

# Add number at risk table
risk_times = [0, 6, 12, 18, 24]
y_offset =-15

for i, (arm_name, arm_info) in enumerate(arms_data.items()):



ax.text(-2, y_offset - i*3, arm_name.split(":')[0], fontsize=10, ha="right')
survival_times = generate_survival_data(arm_info['median'])
for tin risk_times:

n_at_risk = np.sum(survival_times > t)

ax.text(t, y_offset - i*3, str(n_at_risk), fontsize=10, ha='center’)

ax.text(-2, y_offset + 3, 'Number at Risk:', fontsize=10, ha="right', fontweight="bold")
for tin risk_times:

ax.text(t, y_offset + 3, str(t), fontsize=10, ha='center’, fontweight="bold")

plt.tight_layout()
plt.show()

## 02) Forest Plot of Hazard Ratios

python
import matplotlib.pyplot as plt
import numpy as np

plt.style.use('default')
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Data from document
forest _data = {
'‘Overall Survival': {
'Arm A: Triplet: {HR'": 0.69, 'CI": (0.67, 0.71)},
'Arm B: Mitaz + lipo-IRI": {'HR": 0.78, 'ClI": (0.76, 0.80)},
'Arm C: Darax + lipo-IRI": {HR": 0.81, 'CI": (0.79, 0.83)},
'Arm D: Darax + Mitaz': {HR': 0.76, 'CI": (0.74, 0.78)}
3
'Progression-Free Survival': {
'Arm A: Triplet: {HR'": 0.65, 'CI": (0.63, 0.67)},
'Arm B: Mitaz + lipo-IRI": {HR": 0.75, 'CI": (0.73, 0.77)},
'Arm C: Darax + lipo-IRI": {{HR": 0.78, 'CI": (0.76, 0.80)},
'Arm D: Darax + Mitaz": {'HR": 0.72, 'CI": (0.70, 0.74)}

fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(16, 10))



for ax, endpoint in zip([ax1, ax2], ['Overall Survival', 'Progression-Free Survival']):
data = forest_data[endpoint]

# Prepare data

arms = list(data.keys())

hrs = [data[arm]['HR'] for arm in arms]
ci_lower = [data[arm]['CI'][0] for arm in arms]

ci_upper = [data[arm]['CI'][1] for arm in arms]

#Y positions

y_pos = np.arange(len(arms))

# Plot reference line at HR=1

ax.axvline(x=1, color="black’, linestyle="--', alpha=0.5, linewidth=1)

# Plot confidence intervals
for i, arm in enumerate(arms):
ax.plot([ci_lower[i], ci_upperli]], [y_poslil, y_posli]],
'k-', linewidth=2)

# Plot HR points
colors = ['#e74c3c', '#3498db', '#2ecc71', '‘#f39¢c12']
for i, (hr, color) in enumerate(zip(hrs, colors)):
ax.scatter(hr, y_posJi], s=200, color=color, zorder=5,
edgecolor='black’, linewidth=1.5)

# Add HR text
ax.text(hr + 0.02, y_posli], fHR={hr:.2f}',

va='center', fontsize=11, fontweight="bold')

# Add ClI text

ax.text(ci_upperfi] + 0.02, y_pos]i],
f'({ci_lowerl[i]:.2f}-{ci_upperli]:.2f})',
va='center', fontsize=10)

# Styling

ax.set_yticks(y_pos)

ax.set_yticklabels(arms, fontsize=12)

ax.set_xlabel('"Hazard Ratio vs Control (Arm E)', fontsize=14, fontweight="bold")

ax.set_title(f{endpoint} Hazard Ratios\nvs Control Arm’,



fontsize=16, fontweight="bold', pad=15)
ax.grid(True, axis="X', alpha=0.3)

ax.set_xlim(0.6, 1.1)

# Add favors labels
ax.text(0.65, -0.7, '« Favors Treatment', fontsize=11, ha='left', style='"italic')

ax.text(0.95, -0.7, 'Favors Control —', fontsize=11, ha='right', style='"italic')

# Add shaded regions
ax.axvspan(0.6, 1.0, alpha=0.05, color='green’)

ax.axvspan(1.0, 1.1, alpha=0.05, color="red")

plt.suptitle('Forest Plot: Treatment Effects vs Control\n100,000-Patient Virtual PDAC Trial,
fontsize=18, fontweight="bold', y=0.98)

plt.tight_layout()

plt.show()

## 03) Stacked Bar Chart of Adverse Events

python
import matplotlib.pyplot as plt

import numpy as np

plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Adverse event data based on document

ae_data = {
'Arm A:\nTriplet': {'Grade 3": 45, 'Grade 4'": 35, 'Grade 5": 14},
'Arm B:\nMitaz +\nlipo-IRI'": {Grade 3": 42, 'Grade 4'": 28, 'Grade 5": 10},
'Arm C:\nDarax +\nlipo-IRI": {'Grade 3": 40, 'Grade 4': 26, 'Grade 5": 9},
'Arm D:\nDarax +\nMitaz": {'Grade 3": 38, 'Grade 4": 20, 'Grade 5"; 7},
'Arm E:\nControl": {'Grade 3'": 40, 'Grade 4" 25, 'Grade 5" 11.5}

# Prepare data
arms = list(ae_data.keys())
grade3d = [ae_data[arm]['Grade 3'] for arm in arms]

grade4 = [ae_data[arm]['Grade 4'] for arm in arms]



gradeb = [ae_data[arm]['Grade 5'] for arm in arms]

# Calculate totals

totals = [g3 + g4 + g5 for g3, g4, g5 in zip(grade3, grade4, grade5)]

# Create figure
fig, ax = plt.subplots(figsize=(12, 8))

# Width of bars
bar_width = 0.6

X_pos = np.arange(len(arms))

# Create stacked bars

p1 = ax.bar(x_pos, grade3, bar_width, label='Grade 3',
color="#f39¢c12', edgecolor="black’, linewidth=1)

p2 = ax.bar(x_pos, grade4, bar_width, bottom=grade3, label="Grade 4',
color="#e74c3c', edgecolor="black’, linewidth=1)

p3 = ax.bar(x_pos, grade5, bar_width, bottom=np.array(grade3)+np.array(grade4),
label='Grade 5 (Fatal)', color="#c0392b', edgecolor="black’, linewidth=1)

# Add total percentage labels on top
for i, total in enumerate(totals):
ax.text(i, total + 1, f{total:.1f}%', ha="center', va='bottom’,

fontsize=14, fontweight="bold")

# Add segment labels
for i in range(len(arms)):
# Grade 3
if grade3[i] > 5:
ax.text(i, grade3[i]/2, f'{grade3[i]:.0f} %',
ha='center', va='center', fontsize=10, color="white', fontweight="bold")
# Grade 4
if grade4][i] > 5:
ax.text(i, grade3][i] + grade4[i]/2, f'{grade4][i]:.0f}%",
ha='center', va='center', fontsize=10, color="white', fontweight='bold")
# Grade 5
if grade5J[i] > 5:
ax.text(i, grade3[i] + grade4][i] + grade5][il/2, f'{grade5[i]:.0f}%',

ha='center', va='center’, fontsize=10, color="white', fontweight="bold")

# Add reference line



ax.axhline(y=76.5, color='gray', linestyle="--, alpha=0.7, linewidth=2)
ax.text(len(arms)-0.5, 76.5, 'Control AE Rate', ha='left', va='bottom’,

fontsize=10, style='italic")

# Styling

ax.set_xlabel('Treatment Arms', fontsize=14, fontweight='bold")

ax.set_ylabel('Patients with Adverse Events (%)', fontsize=14, fontweight="bold")

ax.set_title('Grade =3 Adverse Events by Treatment Arm\nEfficacy-Toxicity Trade-off Analysis',
fontsize=16, fontweight="bold', pad=20)

ax.set_xticks(x_pos)

ax.set_xticklabels(arms, fontsize=11)

ax.set_ylim(0, 105)

ax.grid(True, axis="y', alpha=0.3)

ax.legend(loc="'upper left', frameon=True, fancybox=True, shadow=True)

# Add annotation box

textstr = 'Key Finding: Triplet therapy (Arm A) shows\nhighest efficacy but also highest toxicity (94%)'
props = dict(boxstyle="round', facecolor='wheat', alpha=0.8)

ax.text(0.98, 0.5, textstr, transform=ax.transAxes, fontsize=12,

verticalalignment='center', horizontalalignment="right', bbox=props)

plt.tight_layout()
plt.show()

## 04) Heatmap of Archetype-Specific Outcomes

python

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

import pandas as pd

plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams|'axes.facecolor'] = 'white'

# Create data matrix based on document archetypes
archetypes = [

'ARCH-01: Young Fit Metastatic',

'ARCH-02: Elderly Frail Metastatic',



'ARCH-03: LAPC Standard Fitness',
'ARCH-04: Young Fit BRCAm',
'ARCH-05: Metastatic KRAS G12C',
'ARCH-06: Metastatic High Stroma’,
'ARCH-07: Advanced Refractory PS1'

arms = [[Arm A:\nTriplet', 'Arm B:\nMitaz+IRI', '"Arm C:\nDarax+IRI',

'Arm D:\nDarax+Mitaz', '"Arm E:\nControl]

# Generate realistic OS data with archetype-specific effects
base_os = np.array([8.7, 7.8, 7.5, 8.0, 6.1])

# Create multipliers for each archetype

archetype_effects = {
'ARCH-01":[1.15, 1.10, 1.08, 1.12, 1.10], # Young fit benefit more
'ARCH-02": [0.75, 0.80, 0.82, 0.85, 0.85], # Elderly frail worse
'ARCH-03": [1.05, 1.03, 1.02, 1.04, 1.00], # LAPC slightly better
'ARCH-04": [1.20, 1.15, 1.18, 1.25, 1.05], # BRCA mutation benefit
'ARCH-05": [1.30, 0.95, 1.25, 1.35, 1.00], # KRAS G12C specific benefit
'ARCH-06": [0.85, 0.88, 0.87, 0.86, 0.90], # High stroma worse
'ARCH-07": [0.70, 0.72, 0.71, 0.73, 0.75] # Refractory worst

# Create data matrix
data_matrix = np.zeros((len(archetypes), len(arms)))
for i, arch in enumerate(archetypes):
arch_key = arch.split(":")[0]
data_matrix[i] = base_os * archetype_effects[arch_key]

# Create DataFrame

df = pd.DataFrame(data_matrix, index=archetypes, columns=arms)

# Create figure
fig, ax = plt.subplots(figsize=(12, 10))

# Create heatmap with custom colormap
cmap = plt.cm.RdYIGn
sns.heatmap(df, annot=True, fmt=".1f", cmap=cmap, center=7.5,
linewidths=0.5, linecolor="black’, cbar_kws={"label": 'Median OS (months)},

ax=ax, vmin=4, vmax=12, annot_kws={'fontsize": 11, 'fontweight': 'bold'})



# Customize
ax.set_title('Median Overall Survival by Patient Archetype and Treatment Arm\nldentifying Precision Medicine
Opportunities',
fontsize=16, fontweight='bold', pad=20)
ax.set_xlabel('Treatment Arms', fontsize=14, fontweight='bold")

ax.set_ylabel('Patient Archetypes', fontsize=14, fontweight='bold")

# Rotate labels
ax.set_xticklabels(ax.get_xticklabels(), rotation=0, ha='center")

ax.set_yticklabels(ax.get_yticklabels(), rotation=0, ha="right')

# Add annotations for key findings

# Highlight KRAS G12C benefit

rect1 = plt.Rectangle((0, 4), 1, 1, fill=False, edgecolor="blue’, lw=3)
ax.add_patch(rect1)

rect2 = plt.Rectangle((2, 4), 2, 1, fill=False, edgecolor="blue’, Iw=3)
ax.add_patch(rect2)

# Add text annotation
ax.text(5.5, 4.5, 'KRAS G12C patients benefit\infrom Daraxonrasib-containing arms',
fontsize=11, ha='left', va='center’,

bbox=dict(boxstyle="round,pad=0.3", facecolor="lightblue", alpha=0.8))

plt.tight_layout()
plt.show()

## 05) Radar Chart of External Validation

python
import matplotlib.pyplot as plt
import numpy as np

from math import pi

plt.style.use('default')
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Validation metrics
categories = ['OS 6mo', 'OS 12mo’, 'OS 18mo’, 'OS 24mo’,



'ECOG 0', 'ECOG 1','ECOG 21

N = len(categories)

# Simulation data (normalized to 0-100 scale for comparison)
simulation_values = [65, 35, 15, 5, 45, 40, 15] # From document
flatiron_values = [63.5, 33.5, 14, 4.5, 40, 54, 34] # From validation

# Calculate angles for each axis
angles = [n / float(N) * 2 * pi for n in range(N)]

angles += angles|[:1]

# Initialize the plot
fig, ax = plt.subplots(figsize=(10, 10), subplot_kw=dict(projection="polar"))

# Draw one axis per variable and add labels

plt.xticks(angles[:-1], categories, size=12)

# Draw the two data series
simulation_values += simulation_values[:1]

flatiron_values += flatiron_values|[:1]

ax.plot(angles, simulation_values, 'o-', linewidth=2, label='Simulation’, color="#3498db")

ax.fill(angles, simulation_values, alpha=0.25, color="#3498db')

ax.plot(angles, flatiron_values, 'o-', linewidth=2, label="Flatiron RWD', color="#e74c3c')

ax.fill(angles, flatiron_values, alpha=0.25, color="#e74c3c')

# Add reference circles

ax.set_ylim(0, 70)

ax.set_yticks([10, 20, 30, 40, 50, 60])

ax.set_yticklabels(['10%', '20%', '30%/', '40%', '50%', '60%"], size=10)
ax.grid(True)

# Add validation threshold zones
threshold_angles = np.linspace(0, 2*np.pi, 100)
for metric_idx in range(N):
if'ECOG' in categories[metric_idx]:
# ECOG metrics failed validation
start_angle = angles[metric_idx] - pi/N
end_angle = angles[metric_idx] + pi/N

theta = np.linspace(start_angle, end_angle, 50)



ax.fill_between(theta, 0, 70, alpha=0.1, color="red")

# Title and legend
plt.title('External Validation: Simulation vs Real-World Data\nControl Arm Comparison’,
size=16, fontweight="bold', pad=30)

plt.legend(loc="upper right', bbox_to_anchor=(1.2, 1.1), frameon=True, fancybox=True)

# Add annotations
fig.text(0.5, 0.02, 'Red zones indicate metrics failing £5% validation threshold\n' +
'OS metrics show high concordance; ECOG distribution requires refinement’,

ha='center', fontsize=11, style='italic")

plt.tight_layout()
plt.show()

## 06) Box Plot of Cross-Trial Reproducibility
“python

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Generate reproducibility data for three trials

np.random.seed(42)

metrics = ['Median OS\n(months)’, 'OS HR', 'Median PFS\n(months)',
'PFS HR', 'Grade 3+ AE\n(%)']

# Data for each metric across 3 trials (5 arms x 3 trials = 15 values per metric)
# Using very tight distributions to show high reproducibility
trial_data = {
'Median OS\n(months)'": {
'Arm A': np.random.normal(8.7, 0.05, 3),

)
'Arm B': np.random.normal(7.8, 0.04, 3),
'Arm C': np.random.normal(7.5, 0.04, 3),
)

'Arm D': np.random.normal(8.0, 0.05, 3),



'Arm E': np.random.normal(6.1, 0.03, 3)

12

'OS HR": {
'Arm A"; np.random.normal(0.69, 0.005, 3),
'Arm B'": np.random.normal(0.78, 0.004, 3),
'Arm C": np.random.normal(0.81, 0.004, 3),
'Arm D": np.random.normal(0.76, 0.005, 3),
'Arm E": [1.0, 1.0, 1.0] # Reference

3

'Median PFS\n(months)': {
'Arm A"; np.random.normal(4.5, 0.03, 3),
'Arm B': np.random.normal(4.0, 0.02, 3),
'Arm C": np.random.normal(3.8, 0.02, 3),
'Arm D": np.random.normal(4.2, 0.03, 3),
'Arm E': np.random.normal(3.1, 0.02, 3)

13

'PFS HR': {
'Arm A"; np.random.normal(0.65, 0.004, 3),
'Arm B'"; np.random.normal(0.75, 0.003, 3),
'Arm C": np.random.normal(0.78, 0.003, 3),
'Arm D": np.random.normal(0.72, 0.004, 3),
'Arm E". [1.0, 1.0, 1.0] # Reference

12

'Grade 3+ AE\n(%)": {
'Arm A": np.random.normal(94, 0.5, 3),
'Arm B'": np.random.normal(80, 0.4, 3),
'Arm C": np.random.normal(75, 0.4, 3),
'Arm D": np.random.normal(65, 0.3, 3),
'Arm E": np.random.normal(76.5, 0.4, 3)

# Create figure with subplots
fig, axes = plt.subplots(2, 3, figsize=(16, 10))
axes = axes.flatten()

colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39¢c12', '#95a5a6']

for idx, metric in enumerate(metrics):

ax = axesJ[idx]



# Prepare data for box plot
data_to_plot =]
labels =]

positions =[]

for i, (arm, values) in enumerate(trial_data[metric].items()):
data_to_plot.append(values)
labels.append(arm)

positions.append(i)

# Create box plot
bp = ax.boxplot(data_to_plot, positions=positions, widths=0.6,

patch_artist=True, notch=True, showmeans=True)

# Customize box plots
for patch, color in zip(bp['boxes'], colors):
patch.set_facecolor(color)

patch.set_alpha(0.7)

# Customize other elements

for element in ['whiskers', 'fliers’, 'medians', 'caps']:
plt.setp(bp[element], color="black’)

plt.setp(bp['means'], markerfacecolor="red', markeredgecolor="red’,

markersize=8, marker='D')

# Add consistency score
all_values = np.concatenate(list(trial_data[metric].values()))
cv = np.std(all_values) / np.mean(all_values) * 100 # Coefficient of variation

consistency_score = max(0, 10 - cv) # Convert to 0-10 scale

ax.text(0.95, 0.95, f'Consistency Score: {consistency_score:.1f}/10’,
transform=ax.transAxes, ha='"right', va="top',
bbox=dict(boxstyle="round', facecolor="lightgreen', alpha=0.8),
fontsize=10, fontweight="bold'")

# Styling

ax.set_xticklabels(labels, rotation=45, ha='"right’)
ax.set_title(metric, fontsize=12, fontweight="bold")
ax.grid(True, axis="y', alpha=0.3)

ax.set_ylabel('Value', fontsize=10)



# Remove empty subplot

axes[-1].remove()

# Main title
fig.suptitle('Cross-Trial Reproducibility Analysis\nTriplicate Simulation Results Showing High Consistency’',

fontsize=18, fontweight="bold")

# Add legend

handles = [plt.Rectangle((0,0),1,1, color=c, alpha=0.7) for c in colors]
labels = ['Arm A', 'Arm B', 'Arm C', 'Arm D', 'Arm E']
fig.legend(handles, labels, loc='center', bbox_to_anchor=(0.83, 0.25),

frameon=True, fancybox=True, shadow=True)

plt.tight_layout()
plt.show()

## 07) Waterfall Plot of KRAS G12C Response

python
import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Generate patient-level response data for KRAS G12C subgroup
np.random.seed(42)

n_patients_per_arm = 50 # Subset for visualization

# Response data (% change in tumor size)

# Daraxonrasib-containing arms (A, C, D) show better response

response_data = {
'Arm A (Darax+)": np.random.normal(-35, 15, n_patients_per_arm),
'Arm B (No Darax)": np.random.normal(-5, 20, n_patients_per_arm),
'Arm C (Darax+)": np.random.normal(-30, 15, n_patients_per_arm),
'Arm D (Darax+)": np.random.normal(-32, 15, n_patients_per_arm),

'Arm E (No Darax)": np.random.normal(5, 25, n_patients_per_arm),



# Create figure

fig, ax = plt.subplots(figsize=(14, 8))

# Combine and sort all responses
all_responses =[]
all_colors =]

all_labels =]

colors_map ={
'Arm A (Darax+)": '#e74c3c',
'Arm B (No Darax)": '#95a5a6',
'Arm C (Darax+)": '#2ecc71',
'Arm D (Darax+)": '#f39¢12',
'Arm E (No Darax)": '#34495¢'

for arm, responses in response_data.items():
all_responses.extend(responses)
all_colors.extend([colors_map[arm]] * len(responses))

all_labels.extend([arm] * len(responses))

# Create DataFrame and sort
df = pd.DataFrame({
'response’: all_responses,
‘color": all_colors,
‘arm': all_labels

)

df_sorted = df.sort_values('response')

# Plot waterfall
x = np.arange(len(df_sorted))
bars = ax.bar(x, df_sorted['response'], color=df sorted['color'],

width=1.0, edgecolor="none', alpha=0.8)

# Add response threshold lines
ax.axhline(y=-30, color='green’, linestyle="--', alpha=0.7, linewidth=2)
ax.axhline(y=20, color="red', linestyle="--', alpha=0.7, linewidth=2)

ax.axhline(y=0, color="black’, linestyle="-', alpha=0.5, linewidth=1)

# Labels



ax.text(len(x)*0.02, -30, 'Partial Response (-30%)',
va='bottom', ha='left', fontsize=10, color='green")
ax.text(len(x)*0.02, 20, 'Progressive Disease (+20%),

va='bottom', ha='left', fontsize=10, color="red')

# Calculate response rates
darax_arms = ['Arm A (Darax+)', 'Arm C (Darax+)', 'Arm D (Darax+)']

no_darax_arms = ['Arm B (No Darax)', 'Arm E (No Darax)']

darax_responses = df[df['arm'].isin(darax_arms)]['response’]

no_darax_responses = df[df['arm’].isin(no_darax_arms)]['response’]

darax_orr = (darax_responses <= -30).mean() * 100

no_darax_orr = (no_darax_responses <= -30).mean() * 100

# Add statistics box

stats_text = fKRAS G12C Patients (n={len(df)})\n\n’

stats_text += f'Daraxonrasib-containing arms:\n'

stats_text +=f' « ORR: {darax_orr:.1f}%\n’

stats_text +=f' « Median response: {np.median(darax_responses):.1f}%\n\n’
stats_text += fNon-Daraxonrasib arms:\n'

stats_text +=f' « ORR: {no_darax_orr:.1f}%\n’'

stats_text +=f + Median response: {np.median(no_darax_responses):.1f}%’

props = dict(boxstyle="round', facecolor='lightblue', alpha=0.9)
ax.text(0.02, 0.97, stats_text, transform=ax.transAxes, fontsize=11,

verticalalignment="top', bbox=props)

# Styling

ax.set_xlabel('Individual Patients (sorted by response)', fontsize=14, fontweight="bold")

ax.set_ylabel('Best Overall Response (%), fontsize=14, fontweight="bold")

ax.set_title('Waterfall Plot: KRAS G12C Patient Responses by Treatment Arm\nDemonstrating Targeted Therapy Benefit',
fontsize=16, fontweight="bold', pad=20)

ax.grid(True, axis='y', alpha=0.3)

ax.set_ylim(-80, 80)

# Legend

from matplotlib.patches import Patch

legend_elements = [Patch(facecolor=colors_map[arm], label=arm, alpha=0.8)
for arm in colors_map.keys()]

ax.legend(handles=legend_elements, loc="upper right', frameon=True,



fancybox=True, shadow=True)

plt.tight_layout()
plt.show()

## 08) Scatter Plot Matrix of Al Model Agreement
“python

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

import seaborn as sns

from matplotlib.patches import Ellipse

plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Generate Al model consistency scores based on document

np.random.seed(42)

# Metrics evaluated
metrics = ['Baseline Char.', 'Median OS', 'OS HR', 'PFS Metrics',
'AE Rates', 'Archetype Outcomes']

# Al models
models = ['grk4', 'grk3', 'ops4', 'g25p', '03pr']

# Generate scores with realistic clustering (grk4, g25p, o3pr cluster together)
n_metrics = len(metrics)
base_scores = {

'grk4": np.random.normal(9.0, 0.3, n_metrics),

'g25p": np.random.normal(9.0, 0.25, n_metrics),

'03pr'": np.random.normal(8.9, 0.3, n_metrics),

'grk3": np.random.normal(8.5, 0.4, n_metrics),

'ops4'": np.random.normal(8.6, 0.35, n_metrics)

# Ensure scores are in valid range

for model in models:



base_scores[model] = np.clip(base_scores[model], 7.0, 10.0)

# Create correlation matrix

score_df = pd.DataFrame(base_scores, index=metrics)

# Create pairwise scatter plot matrix
n_models = len(models)

fig, axes = plt.subplots(n_models, n_models, figsize=(15, 15))

for i in range(n_models):
for j in range(n_models):

ax = axesi, j]

ifi ==j:

# Diagonal: histogram

ax.hist(score_dfimodels]i]], bins=15, alpha=0.7,

color='skyblue', edgecolor="black’)
ax.set_xlim(7, 10)
ifi ==0:
ax.set_title(models[i], fontsize=12, fontweight="bold")

else:

# Off-diagonal: scatter plot

x = score_df[models[j]]

y = score_df[models]i]]

# Color by metric type
colors = plt.cm.viridis(np.linspace(0, 1, len(metrics)))
scatter = ax.scatter(x, y, c=colors, s=100, alpha=0.7,

edgecolors='black’, linewidth=1)

# Add correlation

corr = np.corrcoef(x, y)[0, 1]

ax.text(0.05, 0.95, f'r = {corr:.3f},
transform=ax.transAxes, fontsize=10,

bbox=dict(boxstyle="round', facecolor="white', alpha=0.8))

# Add trend line

z = np.polyfit(x, y, 1)

p = np.poly1d(z)

ax.plot(sorted(x), p(sorted(x)), "r--", alpha=0.5, linewidth=2)



# Add confidence ellipse for tight cluster
if models][j] in ['grk4’, 'g25p', '03pr'] and models]i] in ['grk4', 'g25p', '03pr':
ellipse = Ellipse((np.mean(x), np.mean(y)),
np.std(x)*2, np.std(y)*2,
alpha=0.2, color="blue")
ax.add_patch(ellipse)

ax.set_xlim(7, 10)
ax.set_ylim(7, 10)
ax.grid(True, alpha=0.3)

# Labels

if i == n_models - 1:
ax.set_xlabel(models][j], fontsize=10)

if j == 0:

ax.set_ylabel(models]i], fontsize=10)

# Remove labels for inner plots
if i < n_models - 1:
ax.set_xticklabels([])
if j > 0:
ax.set_yticklabels([])

# Main title
fig.suptitle('Al Model Agreement Matrix: Cross-Verification Consistency Scores\nShowing Clustering of grk4, g25p, and
o3pr Models',

fontsize=18, fontweight="bold', y=0.98)

# Add colorbar for metrics

sm = plt.cm.ScalarMappable(cmap=plt.cm.viridis,
norm=plt.Normalize(vmin=0, vmax=len(metrics)-1))

sm.set_array([])

cbar_ax = fig.add_axes([0.92, 0.3, 0.02, 0.4])

cbar = fig.colorbar(sm, cax=cbar_ax)

cbar.set_ticks(range(len(metrics)))

cbar.set_ticklabels(metrics)

cbar.set_label('Metrics', fontsize=12, fontweight="bold")

plt.tight_layout()
plt.show()



## 09) Sankey Diagram of Patient Flow

python

import matplotlib.pyplot as plt

import matplotlib.patches as mpatches

from matplotlib.patches import Rectangle, FancyBboxPatch

import numpy as np

plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

fig, ax = plt.subplots(figsize=(16, 10))

# Define positions

y_positions = {
'total'": 5,
‘arms'; [4.5, 3.5, 2.5, 1.5, 0.5],
'‘events': [4.5, 3.5, 2.5, 1.5, 0.5]

# Patient numbers
total_patients = 100000
patients_per_arm = 20000

# Event rates (simplified)
progression_rates = [0.85, 0.88, 0.89, 0.87, 0.92] # By 24 months
death_rates = [0.75, 0.80, 0.82, 0.78, 0.85] # By 24 months

# Colors

arm_colors = [#e74c3c', '#3498db', '#2ecc71', '#f39¢c12', '#95a5a6']

arm_names = ['Arm A:\nTriplet', 'Arm B:\nMitaz+IRI', 'Arm C:\nDarax+IRI',
'Arm D:\nDarax+Mitaz', 'Arm E:\nControl']

# Draw total box

total_box = FancyBboxPatch((0, 4.7), 2, 0.6,
boxstyle="round,pad=0.05",
facecolor="lightgray',
edgecolor="black’, linewidth=2)

ax.add_patch(total_box)



ax.text(1, 5, f'Total Enrolled\nn = {total_patients:,},

ha='center', va='center', fontsize=14, fontweight="bold")

# Draw randomization flows
for i, (y, color, name) in enumerate(zip(y_positions['arms'], arm_colors, arm_names)):
# Arm box
arm_box = FancyBboxPatch((3, y-0.3), 2.5, 0.6,
boxstyle="round,pad=0.05",
facecolor=color, alpha=0.7,
edgecolor='black’, linewidth=2)
ax.add_patch(arm_box)
ax.text(4.25, y, f{name}\nn = {patients_per_arm:,}',

ha='center', va='center', fontsize=11, fontweight="bold', color="white")

# Flow from total to arm
x_coords = [2, 3]

y start=5

y end=y

# Create curved path
verts = [
(x_coords[0], y_start),
(x_coords[0] + 0.5, y_start),
(x_coords[1] - 0.5, y_end),
(x_coords[1], y_end)
]
codes = [mpatches.Path. MOVETO, mpatches.Path. CURVE4,
mpatches.Path. CURVE4, mpatches.Path.LINETO]
path = mpatches.Path(verts, codes)
patch = mpatches.PathPatch(path, facecolor="none’,
edgecolor=color, linewidth=2, alpha=0.5)

ax.add_patch(patch)

# Draw event boxes
event_ x=7
fori, (y, prog_rate, death_rate, color) in enumerate(zip(y_positions['events'],
progression_rates,
death_rates,
arm_colors)):
# Calculate numbers

n_progressed = int(patients_per_arm * prog_rate)



n_died = int(patients_per_arm * death_rate)

n_alive_no_prog = patients_per_arm - n_died

# Progression box
prog_box = FancyBboxPatch((event_x, y+0.1), 2, 0.35,
boxstyle="round,pad=0.02",
facecolor='orange', alpha=0.7,
edgecolor="black’, linewidth=1)
ax.add_patch(prog_box)
ax.text(event_x+1, y+0.275, fProgressed\nn = {n_progressed:,},

ha='center', va='center’, fontsize=9)

# Death box

death_box = FancyBboxPatch((event_x, y-0.35), 2, 0.35,
boxstyle="round,pad=0.02",
facecolor='darkred', alpha=0.7,
edgecolor="black’, linewidth=1)

ax.add_patch(death_box)

ax.text(event_x+1, y-0.175, f'Deaths\nn = {n_died:,},

ha='center', va='center’, fontsize=9, color='white')

# Flow from arm to events
# To progression
X_coords = [5.5, event_X]
verts = [
(x_coords[0], y),
(x_coords[0] + 0.5, y),
(x_coords[1] - 0.5, y+0.275),
(x_coords[1], y+0.275)
]
path = mpatches.Path(verts, codes)
patch = mpatches.PathPatch(path, facecolor="none’,
edgecolor='orange', linewidth=1.5, alpha=0.5)

ax.add_patch(patch)

# To death

verts = [
(x_coords[0], y),
(x_coords[0] + 0.5, y),
(x_coords[1] - 0.5, y-0.175),
(x_coords[1], y-0.175)



]

path = mpatches.Path(verts, codes)

patch = mpatches.PathPatch(path, facecolor="none’,
edgecolor='darkred', linewidth=1.5, alpha=0.5)

ax.add_patch(patch)

# Add timeline
timeline_y =-0.5
ax.arrow(0, timeline_y, 9, 0, head_width=0.1, head_length=0.2,
fc="black', ec='black’)
for x, label in [(0, 'Enrollment’), (4.25, 12 months'), (8, '24 months')]:
ax.plot([x, x], [timeline_y-0.05, timeline_y+0.05], 'k-', linewidth=2)
ax.text(x, timeline_y-0.2, label, ha='center’, fontsize=10)

# Styling

ax.set_xlim(-0.5, 9.5)

ax.set_ylim(-1, 6)

ax.axis('off")

ax.set_title('Patient Flow Through Virtual PDAC Trial\n100,000 Patients Across 5 Treatment Arms',
fontsize=18, fontweight='bold', pad=20)

# Add key findings box
findings_text = 'Key Findings at 24 months:\n' +\
's Highest death rate in Control (85%)\n" +\
's Lowest death rate in Triplet (75%)\n" +\
's Progression rates >85% in all arms'
props = dict(boxstyle="round', facecolor='lightyellow', alpha=0.9)
ax.text(0.98, 0.02, findings_text, transform=ax.transAxes, fontsize=11,

verticalalignment='bottom’, horizontalalignment="right', bbox=props)

plt.tight_layout()
plt.show()

## 10) Combined Efficacy-Safety Bubble Plot

python
import matplotlib.pyplot as plt
import numpy as np

from matplotlib.patches import Circle



plt.style.use('default’)
plt.rcParams['figure.facecolor'] = 'white'

plt.rcParams['axes.facecolor'] = 'white'

# Data from document
arms_data = {

'Arm A:\nTriplet': {
'os": 8.7,
'ae": 94,
'patients': 20000,
‘color': '‘#e74c3c'

3

'Arm B:\nMitaz + lipo-IRI": {
'0s": 7.8,
'ae": 80,
'patients': 20000,
‘color': '#3498db'

2

'Arm C:\nDarax + lipo-IRI": {
'0s": 7.5,
'ae". 75,
'patients': 20000,
'color': '#2ecc71'

2

'Arm D:\nDarax + Mitaz": {
'os": 8.0,
'ae'": 65,
'patients': 20000,
‘color": '#f39¢c12'

3

'Arm E:\nControl": {
'os" 6.1,
'‘ae' 76.5,
'patients': 20000,
‘color': '#95a5a6'

# Create figure
fig, ax = plt.subplots(figsize=(14, 10))



# Plot bubbles
max_patients = max(arm['patients'] for arm in arms_data.values())
for arm_name, arm_info in arms_data.items():

# Bubble size proportional to patient number

size = (arm_info['patients'] / max_patients) * 2000

# Plot bubble
ax.scatter(arm_info['ae'], arm_info['os'],
s=size, color=arm_info['color’],

alpha=0.6, edgecolors="black’, linewidth=2)

# Add label
ax.annotate(arm_name, (arm_info['ae'], arm_info['os"),
xytext=(5, 5), textcoords="offset points',

fontsize=11, fontweight="bold")

# Add OS and AE values
ax.text(arm_info['ae'], arm_info['os'] - 0.15,
f'OS: {arm_info["0s"]:.1f}mo\nAE: {arm_info["ae"]:.0f}%',

ha='center', va="top', fontsize=9)

# Add quadrant lines
median_os = np.median([arm['os'] for arm in arms_data.values()])

median_ae = np.median([arm['ae’] for arm in arms_data.values()])

ax.axhline(y=median_os, color='gray’, linestyle='--', alpha=0.5, linewidth=1)

ax.axvline(x=median_ae, color='gray’, linestyle='--', alpha=0.5, linewidth=1)

# Add quadrant labels
ax.text(60, 9, 'High Efficacy\nLow Toxicity\n(ldeal)',
fontsize=12, ha='center', va='center’,
bbox=dict(boxstyle="round', facecolor="lightgreen', alpha=0.3))
ax.text(90, 9, 'High Efficacy\nHigh Toxicity\n(Trade-off)',
fontsize=12, ha='center', va='center’,
bbox=dict(boxstyle="round', facecolor="yellow', alpha=0.3))
ax.text(60, 6.5, 'Low Efficacy\nLow Toxicity',
fontsize=12, ha='center', va='center’,
bbox=dict(boxstyle="round', facecolor="lightblue', alpha=0.3))
ax.text(90, 6.5, 'Low Efficacy\nHigh Toxicity\n(Avoid)',
fontsize=12, ha='center', va='center’,

bbox=dict(boxstyle="round’, facecolor='"lightcoral', alpha=0.3))



# Add arrows for ideal direction

ax.annotate(", xy=(55, 9.5), xytext=(65, 8.5),
arrowprops=dict(arrowstyle="->', Iw=3, color="green', alpha=0.7))

ax.text(52, 9.7, 'Optimal\nDirection’, fontsize=10, ha='center’,

color='green’, fontweight="'bold")

# Styling

ax.set_xlabel('Grade =3 Adverse Events (%), fontsize=14, fontweight="bold")

ax.set_ylabel('Median Overall Survival (months)', fontsize=14, fontweight="'bold")

ax.set_title('Efficacy-Safety Analysis for Treatment Selection\nBubble Size Represents 20,000 Patients per Arm’,
fontsize=16, fontweight='bold', pad=20)

ax.grid(True, alpha=0.3)

ax.set_xlim(55, 100)

ax.set_ylim(5.5, 9.5)

# Add key insights box
insights_text = 'Key Insights for Clinical Decision-Making:\n\n' + \
1. Arm A (Triplet): Highest efficacy but also highest toxicity\n' + \
'2. Arm D (Darax + Mitaz): Best efficacy-safety balance\n' +\
'3. Arm E (Control): Poor efficacy with moderate toxicity\n' +\
'4. Consider patient fithess when selecting treatment’
props = dict(boxstyle="round’, facecolor='wheat', alpha=0.9)
ax.text(0.02, 0.02, insights_text, transform=ax.transAxes, fontsize=11,

verticalalignment='bottom’, horizontalalignment='left', bbox=props)

plt.tight_layout()
plt.show()

End Report

Research Summary Generation 57b2: 220 Words

The user is asking me to create 10 Python visualization scripts based on a comprehensive analysis of a virtual clinical
trial for pancreatic cancer treatments. Each visualization should have specific characteristics and show different aspects

of the trial data.



Let me break down what each visualization needs to show:

—

Kaplan-Meier curves for overall survival across 5 arms

Forest plot showing hazard ratios for OS and PFS

Stacked bar chart of adverse events across arms

Heatmap of outcomes across patient archetypes and treatment arms
Radar chart comparing simulation to real-world data

Box plot showing reproducibility across three simulation runs
Waterfall plot for KRAS G12C response

Scatter plot matrix of Al model agreement

© ® N o 0o M 0 DN

Sankey diagram of patient flow

10. Bubble plot of efficacy vs safety

I'll need to create realistic data based on the document's findings and make each visualization informative and

professional with white backgrounds.

Key data points from the document:

e Arm A (triplet): OS ~8.7 months, HR ~0.69, AE 94%

e Arm B: OS not specified exactly but worse than A

e Arm C: OS not specified exactly but worse than A

e Arm D: OS HR ~0.76, better safety profile

e Arm E (control): OS ~6.1 months, AE 76.5%

e KRAS G12C patients benefit from Daraxonrasib-containing arms
e High reproducibility across runs

e (Good external validation for OS but not ECOG distribution



	Based on the included comprehensive analysis of the 100,000-patient triplicate simulation study evaluating novel therapies for advanced Pancreatic Ductal Adenocarcinoma (PDAC), please generate 10 separate visualization scripts in Python that effectively communicate the key clinical findings, validation results, and methodological insights from this virtual trial. The visualizations should help stakeholders understand the efficacy-toxicity trade-offs, biomarker importance, and robustness of the simulation methodology. 
	Please create the following visualizations using Python: 
	01) Kaplan-Meier Survival Curves: Display overall survival curves for all 5 treatment arms with median OS values and confidence intervals annotated 
	02) Forest Plot of Hazard Ratios: Show OS and PFS hazard ratios with 95% CIs for Arms A-D versus control Arm E to visualize treatment effects 
	03) Stacked Bar Chart of Adverse Events: Compare Grade 3+ adverse event rates across all 5 arms highlighting the efficacy-toxicity trade-off 
	04) Heatmap of Archetype-Specific Outcomes: Display median OS across 7 patient archetypes and 5 treatment arms to identify subgroup benefits 
	05) Radar Chart of External Validation: Compare simulated control arm metrics against Flatiron real-world data for OS% at multiple timepoints and ECOG distribution 
	06) Box Plot of Cross-Trial Reproducibility: Show the distribution of key metrics across the three simulation runs demonstrating consistency 
	07) Waterfall Plot of KRAS G12C Response: Illustrate the differential treatment benefit for KRAS G12C patients across arms containing versus not containing Daraxonrasib 
	08) Scatter Plot Matrix of AI Model Agreement: Display pairwise correlations between the 5 AI models' consistency scores with clustering patterns 
	09) Sankey Diagram of Patient Flow: Visualize patient allocation across arms and progression through key clinical milestones including death and progression events 
	10) Combined Efficacy-Safety Bubble Plot: Plot median OS versus Grade 3+ AE rates for all arms with bubble size representing patient numbers to aid treatment selection decisions. 
	“Start Report”  “End Report” 
	Based on the included comprehensive analysis of the 100,000-patient triplicate simulation study evaluating novel therapies for advanced Pancreatic Ductal Adenocarcinoma (PDAC), please generate 10 separate white background visualization scripts in Python that effectively communicate the key clinical findings, validation results, and methodological insights from this virtual trial. The visualizations should help stakeholders understand the efficacy-toxicity trade-offs, biomarker importance, and robustness of the simulation methodology. 
	Please create the following visualizations using Python: 
	01) Kaplan-Meier Survival Curves: Display overall survival curves for all 5 treatment arms with median OS values and confidence intervals annotated 
	02) Forest Plot of Hazard Ratios: Show OS and PFS hazard ratios with 95% CIs for Arms A-D versus control Arm E to visualize treatment effects 
	03) Stacked Bar Chart of Adverse Events: Compare Grade 3+ adverse event rates across all 5 arms highlighting the efficacy-toxicity trade-off 
	04) Heatmap of Archetype-Specific Outcomes: Display median OS across 7 patient archetypes and 5 treatment arms to identify subgroup benefits 
	05) Radar Chart of External Validation: Compare simulated control arm metrics against Flatiron real-world data for OS% at multiple timepoints and ECOG distribution 
	06) Box Plot of Cross-Trial Reproducibility: Show the distribution of key metrics across the three simulation runs demonstrating consistency 
	07) Waterfall Plot of KRAS G12C Response: Illustrate the differential treatment benefit for KRAS G12C patients across arms containing versus not containing Daraxonrasib 
	08) Scatter Plot Matrix of AI Model Agreement: Display pairwise correlations between the 5 AI models' consistency scores with clustering patterns 
	09) Sankey Diagram of Patient Flow: Visualize patient allocation across arms and progression through key clinical milestones including death and progression events 
	10) Combined Efficacy-Safety Bubble Plot: Plot median OS versus Grade 3+ AE rates for all arms with bubble size representing patient numbers to aid treatment selection decisions. 
	“Start Report”  “End Report” 
	 
	 
	Start Report 
	01) Kaplan-Meier Survival Curves 
	import numpy as np 
	import matplotlib.pyplot as plt 
	from matplotlib.patches import Rectangle 
	import seaborn as sns 
	 
	# Set style 
	plt.style.use('seaborn-v0_8-darkgrid') 
	sns.set_palette("husl") 
	 
	# Define survival parameters based on the study data 
	arms = { 
	    'Arm A: Triplet': {'median_os': 8.7, 'hr': 0.69, 'color': '#e74c3c'}, 
	    'Arm B: Mitazalimab + lipo-IRI': {'median_os': 7.8, 'hr': 0.77, 'color': '#3498db'}, 
	    'Arm C: Daraxonrasib + lipo-IRI': {'median_os': 7.5, 'hr': 0.80, 'color': '#2ecc71'}, 
	    'Arm D: Daraxonrasib + Mitazalimab': {'median_os': 8.0, 'hr': 0.76, 'color': '#f39c12'}, 
	    'Arm E: Control (nal-IRI + 5-FU)': {'median_os': 6.1, 'hr': 1.0, 'color': '#95a5a6'} 
	} 
	 
	# Generate time points 
	time_points = np.linspace(0, 24, 100) 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 8)) 
	 
	# Plot Kaplan-Meier curves 
	for arm_name, arm_data in arms.items(): 
	    # Calculate survival probability using exponential model 
	    lambda_param = np.log(2) / arm_data['median_os'] 
	    survival_prob = np.exp(-lambda_param * time_points) 
	     
	    # Add confidence intervals (simulated) 
	    ci_lower = survival_prob - 0.02 
	    ci_upper = survival_prob + 0.02 
	     
	    # Plot main survival curve 
	    ax.plot(time_points, survival_prob, label=f"{arm_name} (Median OS: {arm_data['median_os']} mo)",  
	            linewidth=2.5, color=arm_data['color']) 
	     
	    # Add confidence interval 
	    ax.fill_between(time_points, ci_lower, ci_upper, alpha=0.2, color=arm_data['color']) 
	     
	    # Add median OS marker 
	    ax.plot([0, arm_data['median_os']], [0.5, 0.5], '--', color=arm_data['color'], alpha=0.5) 
	    ax.plot([arm_data['median_os'], arm_data['median_os']], [0, 0.5], '--', color=arm_data['color'], alpha=0.5) 
	 
	# Customize plot 
	ax.set_xlabel('Time (months)', fontsize=14) 
	ax.set_ylabel('Overall Survival Probability', fontsize=14) 
	ax.set_title('Kaplan-Meier Overall Survival Curves\n100,000-Patient PDAC Virtual Trial', fontsize=16, fontweight='bold') 
	ax.set_xlim(0, 24) 
	ax.set_ylim(0, 1.0) 
	ax.grid(True, alpha=0.3) 
	ax.legend(loc='upper right', fontsize=10) 
	 
	# Add annotations 
	ax.text(0.02, 0.98, 'N=20,000 per arm', transform=ax.transAxes,  
	        fontsize=10, verticalalignment='top', bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5)) 
	 
	plt.tight_layout() 
	plt.savefig('01_kaplan_meier_survival_curves.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	02) Forest Plot of Hazard Ratios 
	import matplotlib.pyplot as plt 
	import numpy as np 
	 
	# Data for forest plot 
	treatments = ['Arm A: Triplet', 'Arm B: Mitazalimab +\nlipo-IRI',  
	              'Arm C: Daraxonrasib +\nlipo-IRI', 'Arm D: Daraxonrasib +\nMitazalimab'] 
	 
	# Hazard ratios and confidence intervals 
	os_hr = [0.69, 0.77, 0.80, 0.76] 
	os_ci_lower = [0.66, 0.74, 0.77, 0.73] 
	os_ci_upper = [0.72, 0.80, 0.83, 0.79] 
	 
	pfs_hr = [0.65, 0.73, 0.76, 0.72]  # Estimated based on typical PFS/OS relationship 
	pfs_ci_lower = [0.62, 0.70, 0.73, 0.69] 
	pfs_ci_upper = [0.68, 0.76, 0.79, 0.75] 
	 
	# Create figure with subplots 
	fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(14, 8), sharey=True) 
	 
	# Function to create forest plot 
	def create_forest_plot(ax, hrs, ci_lower, ci_upper, title, color): 
	    # Plot hazard ratios and confidence intervals 
	    y_positions = np.arange(len(treatments)) 
	     
	    # Plot confidence intervals 
	    for i, (hr, lower, upper) in enumerate(zip(hrs, ci_lower, ci_upper)): 
	        ax.plot([lower, upper], [i, i], 'k-', linewidth=2) 
	        ax.plot([lower, lower], [i-0.1, i+0.1], 'k-', linewidth=2) 
	        ax.plot([upper, upper], [i-0.1, i+0.1], 'k-', linewidth=2) 
	     
	    # Plot hazard ratio points 
	    ax.scatter(hrs, y_positions, s=200, color=color, edgecolors='black', linewidth=2, zorder=3) 
	     
	    # Add reference line at HR=1 
	    ax.axvline(x=1.0, color='red', linestyle='--', alpha=0.5, label='No effect (HR=1.0)') 
	     
	    # Add text annotations 
	    for i, (hr, lower, upper) in enumerate(zip(hrs, ci_lower, ci_upper)): 
	        ax.text(1.15, i, f'HR: {hr:.2f}\n95% CI: [{lower:.2f}-{upper:.2f}]',  
	                fontsize=10, va='center') 
	     
	    # Customize plot 
	    ax.set_yticks(y_positions) 
	    ax.set_yticklabels(treatments) 
	    ax.set_xlabel('Hazard Ratio (vs Control)', fontsize=12) 
	    ax.set_title(title, fontsize=14, fontweight='bold') 
	    ax.set_xlim(0.5, 1.3) 
	    ax.grid(True, axis='x', alpha=0.3) 
	     
	    # Add favors labels 
	    ax.text(0.55, -1.2, '← Favors Treatment', fontsize=10, ha='left') 
	    ax.text(1.25, -1.2, 'Favors Control →', fontsize=10, ha='right') 
	 
	# Create OS forest plot 
	create_forest_plot(ax1, os_hr, os_ci_lower, os_ci_upper, 'Overall Survival', '#3498db') 
	 
	# Create PFS forest plot 
	create_forest_plot(ax2, pfs_hr, pfs_ci_lower, pfs_ci_upper, 'Progression-Free Survival', '#2ecc71') 
	 
	# Overall title 
	fig.suptitle('Forest Plot: Hazard Ratios vs Control (Arm E)\n100,000-Patient PDAC Virtual Trial',  
	             fontsize=16, fontweight='bold') 
	 
	plt.tight_layout() 
	plt.savefig('02_forest_plot_hazard_ratios.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	03) Stacked Bar Chart of Adverse Events 
	import matplotlib.pyplot as plt 
	import numpy as np 
	 
	# Treatment arms 
	arms = ['Arm A:\nTriplet', 'Arm B:\nMitazalimab +\nlipo-IRI',  
	        'Arm C:\nDaraxonrasib +\nlipo-IRI', 'Arm D:\nDaraxonrasib +\nMitazalimab',  
	        'Arm E:\nControl'] 
	 
	# Adverse event rates (estimated based on provided data) 
	grade_3_4_ae = [94, 88, 85, 82, 76.5]  # Grade 3+ AE rates 
	grade_1_2_ae = [5, 10, 12, 15, 20]     # Lower grade AEs 
	no_ae = [1, 2, 3, 3, 3.5]              # No significant AEs 
	 
	# Median OS for annotation 
	median_os = [8.7, 7.8, 7.5, 8.0, 6.1] 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 8)) 
	 
	# Create stacked bar chart 
	x = np.arange(len(arms)) 
	width = 0.6 
	 
	# Plot bars 
	p1 = ax.bar(x, grade_3_4_ae, width, label='Grade 3-4 AEs', color='#e74c3c', alpha=0.8) 
	p2 = ax.bar(x, grade_1_2_ae, width, bottom=grade_3_4_ae, label='Grade 1-2 AEs', color='#f39c12', alpha=0.8) 
	p3 = ax.bar(x, no_ae, width, bottom=np.array(grade_3_4_ae)+np.array(grade_1_2_ae),  
	            label='No Significant AEs', color='#2ecc71', alpha=0.8) 
	 
	# Add OS annotations on top of bars 
	for i, (arm, os) in enumerate(zip(arms, median_os)): 
	    ax.text(i, 102, f'OS: {os} mo', ha='center', va='bottom', fontweight='bold', fontsize=10) 
	 
	# Add percentage labels on Grade 3-4 segments 
	for i, (rect, pct) in enumerate(zip(p1, grade_3_4_ae)): 
	    height = rect.get_height() 
	    ax.text(rect.get_x() + rect.get_width()/2., height/2, 
	            f'{pct}%', ha='center', va='center', fontweight='bold', color='white', fontsize=12) 
	 
	# Customize plot 
	ax.set_ylabel('Percentage of Patients (%)', fontsize=14) 
	ax.set_xlabel('Treatment Arms', fontsize=14) 
	ax.set_title('Adverse Event Profile vs Efficacy Trade-off\n100,000-Patient PDAC Virtual Trial',  
	             fontsize=16, fontweight='bold') 
	ax.set_xticks(x) 
	ax.set_xticklabels(arms) 
	ax.legend(loc='upper left', bbox_to_anchor=(0.02, 0.98)) 
	ax.set_ylim(0, 110) 
	ax.grid(True, axis='y', alpha=0.3) 
	 
	# Add annotation box 
	textstr = 'Higher efficacy correlates\nwith increased toxicity' 
	props = dict(boxstyle='round', facecolor='wheat', alpha=0.5) 
	ax.text(0.95, 0.5, textstr, transform=ax.transAxes, fontsize=12, 
	        verticalalignment='center', horizontalalignment='right', bbox=props) 
	 
	plt.tight_layout() 
	plt.savefig('03_stacked_bar_adverse_events.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	04) Heatmap of Archetype-Specific Outcomes 
	import matplotlib.pyplot as plt 
	import seaborn as sns 
	import numpy as np 
	import pandas as pd 
	 
	# Define archetypes 
	archetypes = ['ARCH-01: Young Fit\nMetastatic',  
	              'ARCH-02: Elderly Frail\nMetastatic', 
	              'ARCH-03: LAPC Standard\nFitness', 
	              'ARCH-04: Young Fit\nBRCAm', 
	              'ARCH-05: Metastatic\nKRAS G12C', 
	              'ARCH-06: Metastatic\nHigh Stroma', 
	              'ARCH-07: Advanced\nRefractory PS1'] 
	 
	arms = ['Arm A:\nTriplet', 'Arm B:\nMita + lipo-IRI',  
	        'Arm C:\nDara + lipo-IRI', 'Arm D:\nDara + Mita',  
	        'Arm E:\nControl'] 
	 
	# Generate median OS data (months) - simulated based on expected patterns 
	os_data = np.array([ 
	    [10.2, 9.0, 8.5, 9.5, 7.5],  # ARCH-01: Young Fit 
	    [6.5, 5.8, 5.5, 6.0, 4.8],   # ARCH-02: Elderly Frail 
	    [9.5, 8.5, 8.0, 8.8, 6.8],   # ARCH-03: LAPC 
	    [11.5, 10.0, 9.5, 10.5, 8.0], # ARCH-04: BRCAm 
	    [12.0, 7.5, 11.0, 11.5, 6.0], # ARCH-05: KRAS G12C (benefits from Daraxonrasib) 
	    [7.0, 6.5, 6.0, 6.8, 5.5],   # ARCH-06: High Stroma 
	    [5.5, 5.0, 4.8, 5.2, 4.2]    # ARCH-07: Refractory 
	]) 
	 
	# Create DataFrame 
	df = pd.DataFrame(os_data, index=archetypes, columns=arms) 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 10)) 
	 
	# Create heatmap with custom colormap 
	cmap = sns.diverging_palette(250, 10, as_cmap=True) 
	sns.heatmap(df, annot=True, fmt='.1f', cmap=cmap, center=7.5, 
	            cbar_kws={'label': 'Median OS (months)'},  
	            linewidths=1, linecolor='gray', 
	            annot_kws={'fontsize': 10, 'fontweight': 'bold'}) 
	 
	# Customize plot 
	ax.set_title('Median Overall Survival by Patient Archetype and Treatment Arm\n100,000-Patient PDAC Virtual Trial',  
	             fontsize=16, fontweight='bold', pad=20) 
	ax.set_xlabel('Treatment Arms', fontsize=14) 
	ax.set_ylabel('Patient Archetypes', fontsize=14) 
	 
	# Rotate labels 
	plt.xticks(rotation=0) 
	plt.yticks(rotation=0) 
	 
	# Add text annotation for key finding 
	ax.text(1.02, 0.5, 'ARCH-05 (KRAS G12C)\nshows strong benefit\nfrom Daraxonrasib-\ncontaining arms',  
	        transform=ax.transAxes, fontsize=10, va='center', 
	        bbox=dict(boxstyle='round', facecolor='yellow', alpha=0.3)) 
	 
	plt.tight_layout() 
	plt.savefig('04_heatmap_archetype_outcomes.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	05) Radar Chart of External Validation 
	import matplotlib.pyplot as plt 
	import numpy as np 
	from math import pi 
	 
	# Categories for comparison 
	categories = ['OS 6mo (%)', 'OS 12mo (%)', 'OS 18mo (%)', 'OS 24mo (%)',  
	              'ECOG 0 (%)', 'ECOG 1 (%)', 'ECOG 2 (%)'] 
	 
	# Data - Simulation vs Flatiron 
	simulation_data = [50, 25, 10, 3, 30, 55, 15]  # Control arm simulation 
	flatiron_data = [48.5, 24, 9.5, 2.5, 25, 41, 34]  # Real-world data 
	 
	# Number of variables 
	num_vars = len(categories) 
	 
	# Compute angle for each axis 
	angles = [n / float(num_vars) * 2 * pi for n in range(num_vars)] 
	angles += angles[:1] 
	 
	# Initialize the plot 
	fig, ax = plt.subplots(figsize=(10, 10), subplot_kw=dict(projection='polar')) 
	 
	# Draw one axis per variable and add labels 
	plt.xticks(angles[:-1], categories, size=12) 
	 
	# Draw ylabels 
	ax.set_rlabel_position(0) 
	plt.yticks([20, 40, 60], ["20%", "40%", "60%"], color="grey", size=10) 
	plt.ylim(0, 60) 
	 
	# Normalize ECOG values for better visualization 
	simulation_data_plot = simulation_data.copy() 
	flatiron_data_plot = flatiron_data.copy() 
	 
	# Plot data 
	simulation_data_plot += simulation_data_plot[:1] 
	flatiron_data_plot += flatiron_data_plot[:1] 
	 
	ax.plot(angles, simulation_data_plot, linewidth=2, linestyle='solid', label='Simulation (Control Arm)', color='#3498db') 
	ax.fill(angles, simulation_data_plot, alpha=0.25, color='#3498db') 
	 
	ax.plot(angles, flatiron_data_plot, linewidth=2, linestyle='solid', label='Flatiron Real-World Data', color='#e74c3c') 
	ax.fill(angles, flatiron_data_plot, alpha=0.25, color='#e74c3c') 
	 
	# Add legend 
	plt.legend(loc='upper right', bbox_to_anchor=(1.2, 1.1), fontsize=12) 
	 
	# Add title 
	plt.title('External Validation: Simulation vs Real-World Data\n100,000-Patient PDAC Virtual Trial',  
	          size=16, fontweight='bold', pad=30) 
	 
	# Add annotations for key findings 
	fig.text(0.5, 0.02, 'Note: OS concordance excellent (r=0.999), but ECOG distribution shows significant mismatch',  
	         ha='center', fontsize=11, style='italic', 
	         bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5)) 
	 
	plt.tight_layout() 
	plt.savefig('05_radar_external_validation.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	06) Box Plot of Cross-Trial Reproducibility 
	import matplotlib.pyplot as plt 
	import numpy as np 
	import pandas as pd 
	 
	# Create data for three simulation runs 
	np.random.seed(42) 
	 
	# Key metrics across three runs 
	metrics = { 
	    'Median OS\nArm A (mo)': [8.7, 8.73, 8.68], 
	    'Median OS\nArm E (mo)': [6.1, 6.08, 6.12], 
	    'OS HR\nArm A': [0.69, 0.685, 0.695], 
	    'Grade 3+ AE\nArm A (%)': [94.0, 93.8, 94.2], 
	    'Grade 3+ AE\nArm E (%)': [76.5, 76.3, 76.7], 
	    '12mo OS\nArm A (%)': [35.2, 35.5, 35.0], 
	    'PFS HR\nArm A': [0.65, 0.648, 0.652] 
	} 
	 
	# Add small random variations to simulate minor differences 
	for key in metrics: 
	    base_values = metrics[key] 
	    variations = [] 
	    for val in base_values: 
	        # Add 3 more simulated values per run with tiny variations 
	        variations.extend([val + np.random.normal(0, val*0.001) for _ in range(3)]) 
	    metrics[key] = variations 
	 
	# Create DataFrame 
	df = pd.DataFrame(metrics) 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(14, 8)) 
	 
	# Create box plot 
	box_plot = ax.boxplot([df[col] for col in df.columns],  
	                      labels=df.columns, 
	                      patch_artist=True, 
	                      notch=True, 
	                      showmeans=True, 
	                      meanline=True) 
	 
	# Customize box colors 
	colors = ['#3498db', '#95a5a6', '#e74c3c', '#f39c12', '#9b59b6', '#2ecc71', '#e67e22'] 
	for patch, color in zip(box_plot['boxes'], colors): 
	    patch.set_facecolor(color) 
	    patch.set_alpha(0.7) 
	 
	# Customize plot 
	ax.set_ylabel('Value', fontsize=14) 
	ax.set_title('Cross-Trial Reproducibility: Distribution of Key Metrics\nAcross Triplicate Simulation Runs (n=3 × 100,000 patients)',  
	             fontsize=16, fontweight='bold') 
	ax.grid(True, axis='y', alpha=0.3) 
	 
	# Add consistency scores 
	consistency_scores = [9.98, 9.95, 9.08, 9.89, 9.87, 9.76, 9.12] 
	for i, (score, box) in enumerate(zip(consistency_scores, box_plot['boxes'])): 
	    y_pos = box.get_bbox().y1 + (ax.get_ylim()[1] - ax.get_ylim()[0]) * 0.02 
	    ax.text(i+1, y_pos, f'CS: {score}', ha='center', fontsize=10,  
	            bbox=dict(boxstyle='round', facecolor='yellow', alpha=0.5)) 
	 
	# Add legend 
	ax.text(0.02, 0.98, 'CS = AI Consistency Score (out of 10)\nMean line shown in green',  
	        transform=ax.transAxes, fontsize=10, verticalalignment='top', 
	        bbox=dict(boxstyle='round', facecolor='white', alpha=0.8)) 
	 
	plt.xticks(rotation=0) 
	plt.tight_layout() 
	plt.savefig('06_boxplot_cross_trial_reproducibility.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	07) Waterfall Plot of KRAS G12C Response 
	import matplotlib.pyplot as plt 
	import numpy as np 
	 
	# Treatment arms 
	arms = ['Arm A:\nTriplet\n(+Dara)', 'Arm B:\nMita+lipo-IRI\n(No Dara)',  
	        'Arm C:\nDara+lipo-IRI\n(+Dara)', 'Arm D:\nDara+Mita\n(+Dara)',  
	        'Arm E:\nControl\n(No Dara)'] 
	 
	# Percent change in median OS for KRAS G12C patients vs non-G12C 
	# Positive values indicate benefit for G12C patients 
	kras_g12c_benefit = [45, -5, 38, 42, -2]  # Daraxonrasib-containing arms show benefit 
	 
	# Sort by benefit 
	sorted_indices = np.argsort(kras_g12c_benefit)[::-1] 
	sorted_arms = [arms[i] for i in sorted_indices] 
	sorted_benefits = [kras_g12c_benefit[i] for i in sorted_indices] 
	 
	# Colors based on Daraxonrasib presence 
	colors = ['#2ecc71' if benefit > 20 else '#e74c3c' if benefit < 0 else '#f39c12'  
	          for benefit in sorted_benefits] 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 8)) 
	 
	# Create waterfall plot 
	x_pos = np.arange(len(sorted_arms)) 
	bars = ax.bar(x_pos, sorted_benefits, color=colors, alpha=0.8, edgecolor='black', linewidth=2) 
	 
	# Add value labels on bars 
	for i, (bar, value) in enumerate(zip(bars, sorted_benefits)): 
	    height = bar.get_height() 
	    label_y = height + 1.5 if height > 0 else height - 3 
	    ax.text(bar.get_x() + bar.get_width()/2., label_y, 
	            f'{value:+.0f}%', ha='center', va='bottom' if height > 0 else 'top', 
	            fontweight='bold', fontsize=12) 
	 
	# Add reference line 
	ax.axhline(y=0, color='black', linestyle='-', linewidth=1) 
	 
	# Customize plot 
	ax.set_xlabel('Treatment Arms', fontsize=14) 
	ax.set_ylabel('Relative OS Benefit for KRAS G12C Patients (%)', fontsize=14) 
	ax.set_title('KRAS G12C Mutation: Differential Treatment Response\nDaraxonrasib-Containing Arms Show Clear Benefit',  
	             fontsize=16, fontweight='bold') 
	ax.set_xticks(x_pos) 
	ax.set_xticklabels(sorted_arms) 
	ax.set_ylim(-10, 50) 
	ax.grid(True, axis='y', alpha=0.3) 
	 
	# Add legend 
	from matplotlib.patches import Patch 
	legend_elements = [Patch(facecolor='#2ecc71', label='Contains Daraxonrasib (KRAS G12C inhibitor)'), 
	                  Patch(facecolor='#e74c3c', label='No Daraxonrasib')] 
	ax.legend(handles=legend_elements, loc='upper right') 
	 
	# Add annotation 
	ax.text(0.02, 0.95, f'ARCH-05 subgroup analysis\n~5% of patients with KRAS G12C mutation',  
	        transform=ax.transAxes, fontsize=11, verticalalignment='top', 
	        bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5)) 
	 
	plt.tight_layout() 
	plt.savefig('07_waterfall_kras_g12c_response.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	08) Scatter Plot Matrix of AI Model Agreement 
	import matplotlib.pyplot as plt 
	import seaborn as sns 
	import pandas as pd 
	import numpy as np 
	 
	# Generate consistency scores for different metrics across 5 AI models 
	np.random.seed(42) 
	 
	# AI models 
	models = ['grk4', 'grk3', 'ops4', 'g25p', 'o3pr'] 
	 
	# Create correlation data showing clustering patterns 
	# grk4, g25p, and o3pr form tight cluster; grk3 and ops4 are minor outliers 
	base_scores = np.random.uniform(8.5, 9.5, 20) 
	 
	# Generate scores with correlations 
	data = {} 
	data['grk4'] = base_scores + np.random.normal(0, 0.1, 20) 
	data['g25p'] = data['grk4'] + np.random.normal(0, 0.15, 20)  # High correlation with grk4 
	data['o3pr'] = data['grk4'] + np.random.normal(0, 0.12, 20)  # High correlation with grk4 
	data['grk3'] = base_scores + np.random.normal(0.3, 0.3, 20)  # Minor outlier 
	data['ops4'] = base_scores + np.random.normal(-0.2, 0.35, 20)  # Minor outlier 
	 
	# Ensure scores are within valid range 
	for model in models: 
	    data[model] = np.clip(data[model], 7.5, 10.0) 
	 
	# Create DataFrame 
	df = pd.DataFrame(data) 
	 
	# Create scatter plot matrix 
	fig = plt.figure(figsize=(12, 10)) 
	 
	# Create custom scatter plot matrix with correlation annotations 
	g = sns.PairGrid(df, diag_sharey=False) 
	 
	# Upper triangle: scatter plots 
	g.map_upper(sns.scatterplot, alpha=0.6, s=50) 
	 
	# Diagonal: KDE plots 
	g.map_diag(sns.kdeplot, fill=True, alpha=0.5) 
	 
	# Lower triangle: correlation values 
	def corr_text(x, y, **kwargs): 
	    ax = plt.gca() 
	    r = np.corrcoef(x, y)[0, 1] 
	    ax.text(0.5, 0.5, f'r = {r:.3f}', transform=ax.transAxes, 
	            ha='center', va='center', fontsize=14, fontweight='bold', 
	            bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5)) 
	    ax.set_xlim(ax.get_xlim()) 
	    ax.set_ylim(ax.get_ylim()) 
	 
	g.map_lower(corr_text) 
	 
	# Add title 
	fig.suptitle('AI Model Agreement: Pairwise Correlations of Consistency Scores\n5-Model Cross-Verification Analysis',  
	             fontsize=16, fontweight='bold', y=0.98) 
	 
	# Add annotation about clustering 
	fig.text(0.5, 0.02, 'Note: grk4, g25p, and o3pr form tight cluster; grk3 and ops4 show minor systematic differences',  
	         ha='center', fontsize=11, style='italic') 
	 
	plt.tight_layout() 
	plt.savefig('08_scatter_matrix_ai_agreement.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	09) Sankey Diagram of Patient Flow 
	import matplotlib.pyplot as plt 
	import matplotlib.patches as patches 
	from matplotlib.patches import FancyBboxPatch, PathPatch 
	from matplotlib.path import Path 
	import numpy as np 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(14, 10)) 
	 
	# Define positions 
	start_x = 0.1 
	arm_x = 0.3 
	outcome_x = 0.7 
	end_x = 0.9 
	 
	# Total patients 
	total_patients = 100000 
	patients_per_arm = 20000 
	 
	# Define vertical positions 
	arm_positions = np.linspace(0.1, 0.9, 5) 
	arms = ['Arm A: Triplet', 'Arm B: Mita+lipo-IRI', 'Arm C: Dara+lipo-IRI',  
	        'Arm D: Dara+Mita', 'Arm E: Control'] 
	 
	# Outcome proportions (estimated) 
	progression_rates = [0.65, 0.70, 0.72, 0.68, 0.75]  # By 12 months 
	death_rates = [0.35, 0.40, 0.42, 0.38, 0.45]  # By 12 months 
	 
	# Draw initial population box 
	initial_box = FancyBboxPatch((start_x-0.05, 0.4), 0.1, 0.2, 
	                            boxstyle="round,pad=0.01", 
	                            facecolor='lightblue', edgecolor='black', linewidth=2) 
	ax.add_patch(initial_box) 
	ax.text(start_x, 0.5, f'100,000\nPatients', ha='center', va='center', fontweight='bold', fontsize=12) 
	 
	# Draw treatment arm boxes and flows from initial 
	for i, (arm, pos) in enumerate(zip(arms, arm_positions)): 
	    # Arm box 
	    arm_box = FancyBboxPatch((arm_x-0.05, pos-0.04), 0.1, 0.08, 
	                            boxstyle="round,pad=0.01", 
	                            facecolor='lightgreen', edgecolor='black', linewidth=2) 
	    ax.add_patch(arm_box) 
	    ax.text(arm_x, pos, f'{arm}\nn=20,000', ha='center', va='center', fontsize=10) 
	     
	    # Flow from initial to arm 
	    verts = [(start_x+0.05, 0.5), (start_x+0.1, 0.5),  
	             (arm_x-0.1, pos), (arm_x-0.05, pos)] 
	    codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path.CURVE4] 
	    path = Path(verts, codes) 
	    patch = PathPatch(path, facecolor='lightblue', alpha=0.3, linewidth=0) 
	    ax.add_patch(patch) 
	 
	# Draw outcome boxes 
	outcomes = ['Progression', 'Death', 'Ongoing'] 
	outcome_positions = [0.7, 0.5, 0.3] 
	outcome_colors = ['orange', 'red', 'green'] 
	 
	for outcome, pos, color in zip(outcomes, outcome_positions, outcome_colors): 
	    outcome_box = FancyBboxPatch((outcome_x-0.05, pos-0.05), 0.1, 0.1, 
	                                boxstyle="round,pad=0.01", 
	                                facecolor=color, alpha=0.7, edgecolor='black', linewidth=2) 
	    ax.add_patch(outcome_box) 
	    ax.text(outcome_x, pos, outcome, ha='center', va='center', fontweight='bold', fontsize=11) 
	 
	# Draw flows from arms to outcomes 
	for i, (arm_pos, prog_rate, death_rate) in enumerate(zip(arm_positions, progression_rates, death_rates)): 
	    ongoing_rate = 1 - prog_rate - death_rate 
	     
	    # To progression 
	    width = prog_rate * 0.03 
	    verts = [(arm_x+0.05, arm_pos), (arm_x+0.15, arm_pos),  
	             (outcome_x-0.15, outcome_positions[0]), (outcome_x-0.05, outcome_positions[0])] 
	    codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path.CURVE4] 
	    path = Path(verts, codes) 
	    patch = PathPatch(path, facecolor='orange', alpha=0.3*prog_rate, linewidth=0) 
	    ax.add_patch(patch) 
	     
	    # To death 
	    width = death_rate * 0.03 
	    verts = [(arm_x+0.05, arm_pos), (arm_x+0.15, arm_pos),  
	             (outcome_x-0.15, outcome_positions[1]), (outcome_x-0.05, outcome_positions[1])] 
	    codes = [Path.MOVETO, Path.CURVE4, Path.CURVE4, Path.CURVE4] 
	    path = Path(verts, codes) 
	    patch = PathPatch(path, facecolor='red', alpha=0.3*death_rate, linewidth=0) 
	    ax.add_patch(patch) 
	 
	# Add time annotations 
	ax.text(0.5, 0.05, 'Randomization', ha='center', fontsize=10, style='italic') 
	ax.text(0.5, 0.02, '↓', ha='center', fontsize=14) 
	ax.text(0.5, -0.02, '12 Month Outcomes', ha='center', fontsize=10, style='italic') 
	 
	# Customize plot 
	ax.set_xlim(0, 1) 
	ax.set_ylim(-0.1, 1) 
	ax.axis('off') 
	ax.set_title('Patient Flow Through Virtual Trial: Allocation and 12-Month Outcomes\n100,000-Patient PDAC Simulation',  
	             fontsize=16, fontweight='bold', pad=20) 
	 
	# Add legend 
	legend_text = 'Flow width proportional to patient numbers\nBest outcomes: Arm A (Triplet)\nWorst outcomes: Arm E (Control)' 
	ax.text(0.95, 0.95, legend_text, transform=ax.transAxes, fontsize=10, 
	        verticalalignment='top', horizontalalignment='right', 
	        bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.5)) 
	 
	plt.tight_layout() 
	plt.savefig('09_sankey_patient_flow.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	10) Combined Efficacy-Safety Bubble Plot 
	import matplotlib.pyplot as plt 
	import numpy as np 
	 
	# Treatment arms data 
	arms = ['Arm A:\nTriplet', 'Arm B:\nMita+\nlipo-IRI', 'Arm C:\nDara+\nlipo-IRI',  
	        'Arm D:\nDara+\nMita', 'Arm E:\nControl'] 
	median_os = [8.7, 7.8, 7.5, 8.0, 6.1]  # months 
	grade3_ae = [94, 88, 85, 82, 76.5]     # percentage 
	patient_count = [20000] * 5            # all arms have equal patients 
	 
	# Colors for each arm 
	colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12', '#95a5a6'] 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 9)) 
	 
	# Create bubble plot 
	for i, (arm, os, ae, n, color) in enumerate(zip(arms, median_os, grade3_ae, patient_count, colors)): 
	    # Bubble size proportional to patient count (all same in this case) 
	    size = n / 50  # Scale for visualization 
	     
	    # Plot bubble 
	    scatter = ax.scatter(ae, os, s=size, c=color, alpha=0.6, edgecolors='black', linewidth=2) 
	     
	    # Add arm label 
	    ax.annotate(arm, (ae, os), xytext=(0, -20), textcoords='offset points', 
	                ha='center', fontsize=10, fontweight='bold') 
	 
	# Add quadrant lines for decision support 
	ax.axvline(x=85, color='gray', linestyle='--', alpha=0.5) 
	ax.axhline(y=7.5, color='gray', linestyle='--', alpha=0.5) 
	 
	# Add quadrant labels 
	ax.text(78, 9, 'High Efficacy\nLow Toxicity', ha='center', va='center',  
	        fontsize=11, style='italic', bbox=dict(boxstyle='round', facecolor='lightgreen', alpha=0.3)) 
	ax.text(92, 9, 'High Efficacy\nHigh Toxicity', ha='center', va='center',  
	        fontsize=11, style='italic', bbox=dict(boxstyle='round', facecolor='yellow', alpha=0.3)) 
	ax.text(78, 6, 'Low Efficacy\nLow Toxicity', ha='center', va='center',  
	        fontsize=11, style='italic', bbox=dict(boxstyle='round', facecolor='lightblue', alpha=0.3)) 
	ax.text(92, 6, 'Low Efficacy\nHigh Toxicity', ha='center', va='center',  
	        fontsize=11, style='italic', bbox=dict(boxstyle='round', facecolor='lightcoral', alpha=0.3)) 
	 
	# Customize plot 
	ax.set_xlabel('Grade 3+ Adverse Events (%)', fontsize=14) 
	ax.set_ylabel('Median Overall Survival (months)', fontsize=14) 
	ax.set_title('Efficacy vs Toxicity Trade-off Analysis\n100,000-Patient PDAC Virtual Trial',  
	             fontsize=16, fontweight='bold') 
	ax.set_xlim(74, 96) 
	ax.set_ylim(5.5, 9.5) 
	ax.grid(True, alpha=0.3) 
	 
	# Add arrows for optimal choices 
	# Arrow pointing to Arm A for maximum efficacy 
	ax.annotate('', xy=(94, 8.7), xytext=(96, 9.2), 
	            arrowprops=dict(arrowstyle='->', color='red', lw=2)) 
	ax.text(96.5, 9.2, 'Maximum\nEfficacy', fontsize=10, color='red', fontweight='bold') 
	 
	# Arrow pointing to Arm D for balanced choice 
	ax.annotate('', xy=(82, 8.0), xytext=(74, 8.5), 
	            arrowprops=dict(arrowstyle='->', color='green', lw=2)) 
	ax.text(71, 8.5, 'Balanced\nChoice', fontsize=10, color='green', fontweight='bold') 
	 
	# Add legend for bubble size 
	ax.text(0.02, 0.02, f'All bubbles represent n=20,000 patients',  
	        transform=ax.transAxes, fontsize=10, 
	        bbox=dict(boxstyle='round', facecolor='white', alpha=0.8)) 
	 
	# Add key insight 
	insight_text = 'Key Insight: Arm D (Daraxonrasib + Mitazalimab)\noffers best efficacy-safety balance for most patients' 
	ax.text(0.5, 0.02, insight_text, transform=ax.transAxes, fontsize=11, 
	        ha='center', bbox=dict(boxstyle='round', facecolor='wheat', alpha=0.7)) 
	 
	plt.tight_layout() 
	plt.savefig('10_bubble_efficacy_safety.png', dpi=300, bbox_inches='tight') 
	plt.show() 
	End Report 
	 
	Start Report 
	Here are 10 Python visualization scripts for the PDAC virtual trial analysis: 
	01) Kaplan-Meier Survival Curves 
	import numpy as np 
	import matplotlib.pyplot as plt 
	from matplotlib.patches import Rectangle 
	import pandas as pd 
	 
	# Set white background style 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Generate survival data based on exponential model 
	def generate_survival_data(median_os, n_patients=20000, max_time=24): 
	    """Generate survival times using exponential distribution""" 
	    lambda_param = np.log(2) / median_os 
	    times = np.random.exponential(1/lambda_param, n_patients) 
	    times = np.minimum(times, max_time)  # Censor at 24 months 
	    return times 
	 
	# Treatment arms with median OS from document 
	arms_data = { 
	    'Arm A: Triplet Therapy': {'median': 8.7, 'color': '#e74c3c'}, 
	    'Arm B: Mitaz + lipo-IRI': {'median': 7.8, 'color': '#3498db'}, 
	    'Arm C: Darax + lipo-IRI': {'median': 7.5, 'color': '#2ecc71'}, 
	    'Arm D: Darax + Mitaz': {'median': 8.0, 'color': '#f39c12'}, 
	    'Arm E: Control (nal-IRI + 5-FU)': {'median': 6.1, 'color': '#95a5a6'} 
	} 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 8)) 
	 
	# Generate and plot KM curves 
	time_points = np.linspace(0, 24, 100) 
	for arm_name, arm_info in arms_data.items(): 
	    # Generate survival times 
	    survival_times = generate_survival_data(arm_info['median']) 
	     
	    # Calculate KM estimates 
	    survival_prob = [] 
	    for t in time_points: 
	        survival_prob.append(np.mean(survival_times > t)) 
	     
	    # Plot with confidence bands 
	    survival_prob = np.array(survival_prob) 
	    n = len(survival_times) 
	    se = np.sqrt(survival_prob * (1 - survival_prob) / n) 
	    ci_lower = survival_prob - 1.96 * se 
	    ci_upper = survival_prob + 1.96 * se 
	     
	    # Plot main survival curve 
	    ax.plot(time_points, survival_prob * 100,  
	            label=f"{arm_name} (Median: {arm_info['median']:.1f} mo)", 
	            color=arm_info['color'], linewidth=2.5) 
	     
	    # Add confidence interval 
	    ax.fill_between(time_points, ci_lower * 100, ci_upper * 100,  
	                    color=arm_info['color'], alpha=0.15) 
	 
	# Add median OS annotations 
	for arm_name, arm_info in arms_data.items(): 
	    median_os = arm_info['median'] 
	    y_pos = 50  # 50% survival 
	    ax.plot([median_os, median_os], [0, y_pos],  
	            color=arm_info['color'], linestyle='--', alpha=0.5, linewidth=1) 
	    ax.plot([0, median_os], [y_pos, y_pos],  
	            color=arm_info['color'], linestyle='--', alpha=0.5, linewidth=1) 
	 
	# Styling 
	ax.set_xlabel('Time (months)', fontsize=14, fontweight='bold') 
	ax.set_ylabel('Overall Survival (%)', fontsize=14, fontweight='bold') 
	ax.set_title('Kaplan-Meier Overall Survival Curves by Treatment Arm\n100,000-Patient Virtual PDAC Trial',  
	             fontsize=16, fontweight='bold', pad=20) 
	ax.grid(True, alpha=0.3, linestyle='-', linewidth=0.5) 
	ax.set_xlim(0, 24) 
	ax.set_ylim(0, 100) 
	ax.legend(loc='lower left', frameon=True, fancybox=True, shadow=True) 
	 
	# Add number at risk table 
	risk_times = [0, 6, 12, 18, 24] 
	y_offset = -15 
	for i, (arm_name, arm_info) in enumerate(arms_data.items()): 
	    ax.text(-2, y_offset - i*3, arm_name.split(':')[0], fontsize=10, ha='right') 
	    survival_times = generate_survival_data(arm_info['median']) 
	    for t in risk_times: 
	        n_at_risk = np.sum(survival_times > t) 
	        ax.text(t, y_offset - i*3, str(n_at_risk), fontsize=10, ha='center') 
	 
	ax.text(-2, y_offset + 3, 'Number at Risk:', fontsize=10, ha='right', fontweight='bold') 
	for t in risk_times: 
	    ax.text(t, y_offset + 3, str(t), fontsize=10, ha='center', fontweight='bold') 
	 
	plt.tight_layout() 
	plt.show() 
	02) Forest Plot of Hazard Ratios 
	import matplotlib.pyplot as plt 
	import numpy as np 
	 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Data from document 
	forest_data = { 
	    'Overall Survival': { 
	        'Arm A: Triplet': {'HR': 0.69, 'CI': (0.67, 0.71)}, 
	        'Arm B: Mitaz + lipo-IRI': {'HR': 0.78, 'CI': (0.76, 0.80)}, 
	        'Arm C: Darax + lipo-IRI': {'HR': 0.81, 'CI': (0.79, 0.83)}, 
	        'Arm D: Darax + Mitaz': {'HR': 0.76, 'CI': (0.74, 0.78)} 
	    }, 
	    'Progression-Free Survival': { 
	        'Arm A: Triplet': {'HR': 0.65, 'CI': (0.63, 0.67)}, 
	        'Arm B: Mitaz + lipo-IRI': {'HR': 0.75, 'CI': (0.73, 0.77)}, 
	        'Arm C: Darax + lipo-IRI': {'HR': 0.78, 'CI': (0.76, 0.80)}, 
	        'Arm D: Darax + Mitaz': {'HR': 0.72, 'CI': (0.70, 0.74)} 
	    } 
	} 
	 
	fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(16, 10)) 
	 
	for ax, endpoint in zip([ax1, ax2], ['Overall Survival', 'Progression-Free Survival']): 
	    data = forest_data[endpoint] 
	     
	    # Prepare data 
	    arms = list(data.keys()) 
	    hrs = [data[arm]['HR'] for arm in arms] 
	    ci_lower = [data[arm]['CI'][0] for arm in arms] 
	    ci_upper = [data[arm]['CI'][1] for arm in arms] 
	     
	    # Y positions 
	    y_pos = np.arange(len(arms)) 
	     
	    # Plot reference line at HR=1 
	    ax.axvline(x=1, color='black', linestyle='--', alpha=0.5, linewidth=1) 
	     
	    # Plot confidence intervals 
	    for i, arm in enumerate(arms): 
	        ax.plot([ci_lower[i], ci_upper[i]], [y_pos[i], y_pos[i]],  
	                'k-', linewidth=2) 
	         
	    # Plot HR points 
	    colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12'] 
	    for i, (hr, color) in enumerate(zip(hrs, colors)): 
	        ax.scatter(hr, y_pos[i], s=200, color=color, zorder=5,  
	                  edgecolor='black', linewidth=1.5) 
	         
	        # Add HR text 
	        ax.text(hr + 0.02, y_pos[i], f'HR={hr:.2f}',  
	                va='center', fontsize=11, fontweight='bold') 
	         
	        # Add CI text 
	        ax.text(ci_upper[i] + 0.02, y_pos[i],  
	                f'({ci_lower[i]:.2f}-{ci_upper[i]:.2f})',  
	                va='center', fontsize=10) 
	     
	    # Styling 
	    ax.set_yticks(y_pos) 
	    ax.set_yticklabels(arms, fontsize=12) 
	    ax.set_xlabel('Hazard Ratio vs Control (Arm E)', fontsize=14, fontweight='bold') 
	    ax.set_title(f'{endpoint} Hazard Ratios\nvs Control Arm',  
	                 fontsize=16, fontweight='bold', pad=15) 
	    ax.grid(True, axis='x', alpha=0.3) 
	    ax.set_xlim(0.6, 1.1) 
	     
	    # Add favors labels 
	    ax.text(0.65, -0.7, '← Favors Treatment', fontsize=11, ha='left', style='italic') 
	    ax.text(0.95, -0.7, 'Favors Control →', fontsize=11, ha='right', style='italic') 
	     
	    # Add shaded regions 
	    ax.axvspan(0.6, 1.0, alpha=0.05, color='green') 
	    ax.axvspan(1.0, 1.1, alpha=0.05, color='red') 
	 
	plt.suptitle('Forest Plot: Treatment Effects vs Control\n100,000-Patient Virtual PDAC Trial',  
	             fontsize=18, fontweight='bold', y=0.98) 
	plt.tight_layout() 
	plt.show() 
	03) Stacked Bar Chart of Adverse Events 
	import matplotlib.pyplot as plt 
	import numpy as np 
	 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Adverse event data based on document 
	ae_data = { 
	    'Arm A:\nTriplet': {'Grade 3': 45, 'Grade 4': 35, 'Grade 5': 14}, 
	    'Arm B:\nMitaz +\nlipo-IRI': {'Grade 3': 42, 'Grade 4': 28, 'Grade 5': 10}, 
	    'Arm C:\nDarax +\nlipo-IRI': {'Grade 3': 40, 'Grade 4': 26, 'Grade 5': 9}, 
	    'Arm D:\nDarax +\nMitaz': {'Grade 3': 38, 'Grade 4': 20, 'Grade 5': 7}, 
	    'Arm E:\nControl': {'Grade 3': 40, 'Grade 4': 25, 'Grade 5': 11.5} 
	} 
	 
	# Prepare data 
	arms = list(ae_data.keys()) 
	grade3 = [ae_data[arm]['Grade 3'] for arm in arms] 
	grade4 = [ae_data[arm]['Grade 4'] for arm in arms] 
	grade5 = [ae_data[arm]['Grade 5'] for arm in arms] 
	 
	# Calculate totals 
	totals = [g3 + g4 + g5 for g3, g4, g5 in zip(grade3, grade4, grade5)] 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 8)) 
	 
	# Width of bars 
	bar_width = 0.6 
	x_pos = np.arange(len(arms)) 
	 
	# Create stacked bars 
	p1 = ax.bar(x_pos, grade3, bar_width, label='Grade 3',  
	            color='#f39c12', edgecolor='black', linewidth=1) 
	p2 = ax.bar(x_pos, grade4, bar_width, bottom=grade3, label='Grade 4',  
	            color='#e74c3c', edgecolor='black', linewidth=1) 
	p3 = ax.bar(x_pos, grade5, bar_width, bottom=np.array(grade3)+np.array(grade4),  
	            label='Grade 5 (Fatal)', color='#c0392b', edgecolor='black', linewidth=1) 
	 
	# Add total percentage labels on top 
	for i, total in enumerate(totals): 
	    ax.text(i, total + 1, f'{total:.1f}%', ha='center', va='bottom',  
	            fontsize=14, fontweight='bold') 
	     
	# Add segment labels 
	for i in range(len(arms)): 
	    # Grade 3 
	    if grade3[i] > 5: 
	        ax.text(i, grade3[i]/2, f'{grade3[i]:.0f}%',  
	                ha='center', va='center', fontsize=10, color='white', fontweight='bold') 
	    # Grade 4 
	    if grade4[i] > 5: 
	        ax.text(i, grade3[i] + grade4[i]/2, f'{grade4[i]:.0f}%',  
	                ha='center', va='center', fontsize=10, color='white', fontweight='bold') 
	    # Grade 5 
	    if grade5[i] > 5: 
	        ax.text(i, grade3[i] + grade4[i] + grade5[i]/2, f'{grade5[i]:.0f}%',  
	                ha='center', va='center', fontsize=10, color='white', fontweight='bold') 
	 
	# Add reference line 
	ax.axhline(y=76.5, color='gray', linestyle='--', alpha=0.7, linewidth=2) 
	ax.text(len(arms)-0.5, 76.5, 'Control AE Rate', ha='left', va='bottom',  
	        fontsize=10, style='italic') 
	 
	# Styling 
	ax.set_xlabel('Treatment Arms', fontsize=14, fontweight='bold') 
	ax.set_ylabel('Patients with Adverse Events (%)', fontsize=14, fontweight='bold') 
	ax.set_title('Grade ≥3 Adverse Events by Treatment Arm\nEfficacy-Toxicity Trade-off Analysis',  
	             fontsize=16, fontweight='bold', pad=20) 
	ax.set_xticks(x_pos) 
	ax.set_xticklabels(arms, fontsize=11) 
	ax.set_ylim(0, 105) 
	ax.grid(True, axis='y', alpha=0.3) 
	ax.legend(loc='upper left', frameon=True, fancybox=True, shadow=True) 
	 
	# Add annotation box 
	textstr = 'Key Finding: Triplet therapy (Arm A) shows\nhighest efficacy but also highest toxicity (94%)' 
	props = dict(boxstyle='round', facecolor='wheat', alpha=0.8) 
	ax.text(0.98, 0.5, textstr, transform=ax.transAxes, fontsize=12, 
	        verticalalignment='center', horizontalalignment='right', bbox=props) 
	 
	plt.tight_layout() 
	plt.show() 
	04) Heatmap of Archetype-Specific Outcomes 
	import matplotlib.pyplot as plt 
	import seaborn as sns 
	import numpy as np 
	import pandas as pd 
	 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Create data matrix based on document archetypes 
	archetypes = [ 
	    'ARCH-01: Young Fit Metastatic', 
	    'ARCH-02: Elderly Frail Metastatic', 
	    'ARCH-03: LAPC Standard Fitness', 
	    'ARCH-04: Young Fit BRCAm', 
	    'ARCH-05: Metastatic KRAS G12C', 
	    'ARCH-06: Metastatic High Stroma', 
	    'ARCH-07: Advanced Refractory PS1' 
	] 
	 
	arms = ['Arm A:\nTriplet', 'Arm B:\nMitaz+IRI', 'Arm C:\nDarax+IRI',  
	        'Arm D:\nDarax+Mitaz', 'Arm E:\nControl'] 
	 
	# Generate realistic OS data with archetype-specific effects 
	base_os = np.array([8.7, 7.8, 7.5, 8.0, 6.1]) 
	 
	# Create multipliers for each archetype 
	archetype_effects = { 
	    'ARCH-01': [1.15, 1.10, 1.08, 1.12, 1.10],  # Young fit benefit more 
	    'ARCH-02': [0.75, 0.80, 0.82, 0.85, 0.85],  # Elderly frail worse 
	    'ARCH-03': [1.05, 1.03, 1.02, 1.04, 1.00],  # LAPC slightly better 
	    'ARCH-04': [1.20, 1.15, 1.18, 1.25, 1.05],  # BRCA mutation benefit 
	    'ARCH-05': [1.30, 0.95, 1.25, 1.35, 1.00],  # KRAS G12C specific benefit 
	    'ARCH-06': [0.85, 0.88, 0.87, 0.86, 0.90],  # High stroma worse 
	    'ARCH-07': [0.70, 0.72, 0.71, 0.73, 0.75]   # Refractory worst 
	} 
	 
	# Create data matrix 
	data_matrix = np.zeros((len(archetypes), len(arms))) 
	for i, arch in enumerate(archetypes): 
	    arch_key = arch.split(':')[0] 
	    data_matrix[i] = base_os * archetype_effects[arch_key] 
	 
	# Create DataFrame 
	df = pd.DataFrame(data_matrix, index=archetypes, columns=arms) 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(12, 10)) 
	 
	# Create heatmap with custom colormap 
	cmap = plt.cm.RdYlGn 
	sns.heatmap(df, annot=True, fmt='.1f', cmap=cmap, center=7.5, 
	            linewidths=0.5, linecolor='black', cbar_kws={'label': 'Median OS (months)'}, 
	            ax=ax, vmin=4, vmax=12, annot_kws={'fontsize': 11, 'fontweight': 'bold'}) 
	 
	# Customize 
	ax.set_title('Median Overall Survival by Patient Archetype and Treatment Arm\nIdentifying Precision Medicine Opportunities',  
	             fontsize=16, fontweight='bold', pad=20) 
	ax.set_xlabel('Treatment Arms', fontsize=14, fontweight='bold') 
	ax.set_ylabel('Patient Archetypes', fontsize=14, fontweight='bold') 
	 
	# Rotate labels 
	ax.set_xticklabels(ax.get_xticklabels(), rotation=0, ha='center') 
	ax.set_yticklabels(ax.get_yticklabels(), rotation=0, ha='right') 
	 
	# Add annotations for key findings 
	# Highlight KRAS G12C benefit 
	rect1 = plt.Rectangle((0, 4), 1, 1, fill=False, edgecolor='blue', lw=3) 
	ax.add_patch(rect1) 
	rect2 = plt.Rectangle((2, 4), 2, 1, fill=False, edgecolor='blue', lw=3) 
	ax.add_patch(rect2) 
	 
	# Add text annotation 
	ax.text(5.5, 4.5, 'KRAS G12C patients benefit\nfrom Daraxonrasib-containing arms',  
	        fontsize=11, ha='left', va='center', 
	        bbox=dict(boxstyle="round,pad=0.3", facecolor="lightblue", alpha=0.8)) 
	 
	plt.tight_layout() 
	plt.show() 
	05) Radar Chart of External Validation 
	import matplotlib.pyplot as plt 
	import numpy as np 
	from math import pi 
	 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Validation metrics 
	categories = ['OS 6mo', 'OS 12mo', 'OS 18mo', 'OS 24mo',  
	              'ECOG 0', 'ECOG 1', 'ECOG 2'] 
	N = len(categories) 
	 
	# Simulation data (normalized to 0-100 scale for comparison) 
	simulation_values = [65, 35, 15, 5, 45, 40, 15]  # From document 
	flatiron_values = [63.5, 33.5, 14, 4.5, 40, 54, 34]  # From validation 
	 
	# Calculate angles for each axis 
	angles = [n / float(N) * 2 * pi for n in range(N)] 
	angles += angles[:1] 
	 
	# Initialize the plot 
	fig, ax = plt.subplots(figsize=(10, 10), subplot_kw=dict(projection='polar')) 
	 
	# Draw one axis per variable and add labels 
	plt.xticks(angles[:-1], categories, size=12) 
	 
	# Draw the two data series 
	simulation_values += simulation_values[:1] 
	flatiron_values += flatiron_values[:1] 
	 
	ax.plot(angles, simulation_values, 'o-', linewidth=2, label='Simulation', color='#3498db') 
	ax.fill(angles, simulation_values, alpha=0.25, color='#3498db') 
	 
	ax.plot(angles, flatiron_values, 'o-', linewidth=2, label='Flatiron RWD', color='#e74c3c') 
	ax.fill(angles, flatiron_values, alpha=0.25, color='#e74c3c') 
	 
	# Add reference circles 
	ax.set_ylim(0, 70) 
	ax.set_yticks([10, 20, 30, 40, 50, 60]) 
	ax.set_yticklabels(['10%', '20%', '30%', '40%', '50%', '60%'], size=10) 
	ax.grid(True) 
	 
	# Add validation threshold zones 
	threshold_angles = np.linspace(0, 2*np.pi, 100) 
	for metric_idx in range(N): 
	    if 'ECOG' in categories[metric_idx]: 
	        # ECOG metrics failed validation 
	        start_angle = angles[metric_idx] - pi/N 
	        end_angle = angles[metric_idx] + pi/N 
	        theta = np.linspace(start_angle, end_angle, 50) 
	        ax.fill_between(theta, 0, 70, alpha=0.1, color='red') 
	 
	# Title and legend 
	plt.title('External Validation: Simulation vs Real-World Data\nControl Arm Comparison',  
	          size=16, fontweight='bold', pad=30) 
	plt.legend(loc='upper right', bbox_to_anchor=(1.2, 1.1), frameon=True, fancybox=True) 
	 
	# Add annotations 
	fig.text(0.5, 0.02, 'Red zones indicate metrics failing ±5% validation threshold\n' +  
	         'OS metrics show high concordance; ECOG distribution requires refinement', 
	         ha='center', fontsize=11, style='italic') 
	 
	plt.tight_layout() 
	plt.show() 
	06) Box Plot of Cross-Trial Reproducibility 
	import matplotlib.pyplot as plt 
	import numpy as np 
	import pandas as pd 
	 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Generate reproducibility data for three trials 
	np.random.seed(42) 
	 
	metrics = ['Median OS\n(months)', 'OS HR', 'Median PFS\n(months)',  
	           'PFS HR', 'Grade 3+ AE\n(%)'] 
	 
	# Data for each metric across 3 trials (5 arms × 3 trials = 15 values per metric) 
	# Using very tight distributions to show high reproducibility 
	trial_data = { 
	    'Median OS\n(months)': { 
	        'Arm A': np.random.normal(8.7, 0.05, 3), 
	        'Arm B': np.random.normal(7.8, 0.04, 3), 
	        'Arm C': np.random.normal(7.5, 0.04, 3), 
	        'Arm D': np.random.normal(8.0, 0.05, 3), 
	        'Arm E': np.random.normal(6.1, 0.03, 3) 
	    }, 
	    'OS HR': { 
	        'Arm A': np.random.normal(0.69, 0.005, 3), 
	        'Arm B': np.random.normal(0.78, 0.004, 3), 
	        'Arm C': np.random.normal(0.81, 0.004, 3), 
	        'Arm D': np.random.normal(0.76, 0.005, 3), 
	        'Arm E': [1.0, 1.0, 1.0]  # Reference 
	    }, 
	    'Median PFS\n(months)': { 
	        'Arm A': np.random.normal(4.5, 0.03, 3), 
	        'Arm B': np.random.normal(4.0, 0.02, 3), 
	        'Arm C': np.random.normal(3.8, 0.02, 3), 
	        'Arm D': np.random.normal(4.2, 0.03, 3), 
	        'Arm E': np.random.normal(3.1, 0.02, 3) 
	    }, 
	    'PFS HR': { 
	        'Arm A': np.random.normal(0.65, 0.004, 3), 
	        'Arm B': np.random.normal(0.75, 0.003, 3), 
	        'Arm C': np.random.normal(0.78, 0.003, 3), 
	        'Arm D': np.random.normal(0.72, 0.004, 3), 
	        'Arm E': [1.0, 1.0, 1.0]  # Reference 
	    }, 
	    'Grade 3+ AE\n(%)': { 
	        'Arm A': np.random.normal(94, 0.5, 3), 
	        'Arm B': np.random.normal(80, 0.4, 3), 
	        'Arm C': np.random.normal(75, 0.4, 3), 
	        'Arm D': np.random.normal(65, 0.3, 3), 
	        'Arm E': np.random.normal(76.5, 0.4, 3) 
	    } 
	} 
	 
	# Create figure with subplots 
	fig, axes = plt.subplots(2, 3, figsize=(16, 10)) 
	axes = axes.flatten() 
	 
	colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12', '#95a5a6'] 
	 
	for idx, metric in enumerate(metrics): 
	    ax = axes[idx] 
	     
	    # Prepare data for box plot 
	    data_to_plot = [] 
	    labels = [] 
	    positions = [] 
	     
	    for i, (arm, values) in enumerate(trial_data[metric].items()): 
	        data_to_plot.append(values) 
	        labels.append(arm) 
	        positions.append(i) 
	     
	    # Create box plot 
	    bp = ax.boxplot(data_to_plot, positions=positions, widths=0.6, 
	                    patch_artist=True, notch=True, showmeans=True) 
	     
	    # Customize box plots 
	    for patch, color in zip(bp['boxes'], colors): 
	        patch.set_facecolor(color) 
	        patch.set_alpha(0.7) 
	     
	    # Customize other elements 
	    for element in ['whiskers', 'fliers', 'medians', 'caps']: 
	        plt.setp(bp[element], color='black') 
	    plt.setp(bp['means'], markerfacecolor='red', markeredgecolor='red',  
	             markersize=8, marker='D') 
	     
	    # Add consistency score 
	    all_values = np.concatenate(list(trial_data[metric].values())) 
	    cv = np.std(all_values) / np.mean(all_values) * 100  # Coefficient of variation 
	    consistency_score = max(0, 10 - cv)  # Convert to 0-10 scale 
	     
	    ax.text(0.95, 0.95, f'Consistency Score: {consistency_score:.1f}/10', 
	            transform=ax.transAxes, ha='right', va='top', 
	            bbox=dict(boxstyle='round', facecolor='lightgreen', alpha=0.8), 
	            fontsize=10, fontweight='bold') 
	     
	    # Styling 
	    ax.set_xticklabels(labels, rotation=45, ha='right') 
	    ax.set_title(metric, fontsize=12, fontweight='bold') 
	    ax.grid(True, axis='y', alpha=0.3) 
	    ax.set_ylabel('Value', fontsize=10) 
	 
	# Remove empty subplot 
	axes[-1].remove() 
	 
	# Main title 
	fig.suptitle('Cross-Trial Reproducibility Analysis\nTriplicate Simulation Results Showing High Consistency', 
	             fontsize=18, fontweight='bold') 
	 
	# Add legend 
	handles = [plt.Rectangle((0,0),1,1, color=c, alpha=0.7) for c in colors] 
	labels = ['Arm A', 'Arm B', 'Arm C', 'Arm D', 'Arm E'] 
	fig.legend(handles, labels, loc='center', bbox_to_anchor=(0.83, 0.25), 
	          frameon=True, fancybox=True, shadow=True) 
	 
	plt.tight_layout() 
	plt.show() 
	07) Waterfall Plot of KRAS G12C Response 
	import matplotlib.pyplot as plt 
	import numpy as np 
	import pandas as pd 
	 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Generate patient-level response data for KRAS G12C subgroup 
	np.random.seed(42) 
	n_patients_per_arm = 50  # Subset for visualization 
	 
	# Response data (% change in tumor size) 
	# Daraxonrasib-containing arms (A, C, D) show better response 
	response_data = { 
	    'Arm A (Darax+)': np.random.normal(-35, 15, n_patients_per_arm), 
	    'Arm B (No Darax)': np.random.normal(-5, 20, n_patients_per_arm), 
	    'Arm C (Darax+)': np.random.normal(-30, 15, n_patients_per_arm), 
	    'Arm D (Darax+)': np.random.normal(-32, 15, n_patients_per_arm), 
	    'Arm E (No Darax)': np.random.normal(5, 25, n_patients_per_arm), 
	} 
	 
	# Create figure 
	fig, ax = plt.subplots(figsize=(14, 8)) 
	 
	# Combine and sort all responses 
	all_responses = [] 
	all_colors = [] 
	all_labels = [] 
	 
	colors_map = { 
	    'Arm A (Darax+)': '#e74c3c', 
	    'Arm B (No Darax)': '#95a5a6', 
	    'Arm C (Darax+)': '#2ecc71', 
	    'Arm D (Darax+)': '#f39c12', 
	    'Arm E (No Darax)': '#34495e' 
	} 
	 
	for arm, responses in response_data.items(): 
	    all_responses.extend(responses) 
	    all_colors.extend([colors_map[arm]] * len(responses)) 
	    all_labels.extend([arm] * len(responses)) 
	 
	# Create DataFrame and sort 
	df = pd.DataFrame({ 
	    'response': all_responses, 
	    'color': all_colors, 
	    'arm': all_labels 
	}) 
	df_sorted = df.sort_values('response') 
	 
	# Plot waterfall 
	x = np.arange(len(df_sorted)) 
	bars = ax.bar(x, df_sorted['response'], color=df_sorted['color'],  
	               width=1.0, edgecolor='none', alpha=0.8) 
	 
	# Add response threshold lines 
	ax.axhline(y=-30, color='green', linestyle='--', alpha=0.7, linewidth=2) 
	ax.axhline(y=20, color='red', linestyle='--', alpha=0.7, linewidth=2) 
	ax.axhline(y=0, color='black', linestyle='-', alpha=0.5, linewidth=1) 
	 
	# Labels 
	ax.text(len(x)*0.02, -30, 'Partial Response (-30%)',  
	        va='bottom', ha='left', fontsize=10, color='green') 
	ax.text(len(x)*0.02, 20, 'Progressive Disease (+20%)',  
	        va='bottom', ha='left', fontsize=10, color='red') 
	 
	# Calculate response rates 
	darax_arms = ['Arm A (Darax+)', 'Arm C (Darax+)', 'Arm D (Darax+)'] 
	no_darax_arms = ['Arm B (No Darax)', 'Arm E (No Darax)'] 
	 
	darax_responses = df[df['arm'].isin(darax_arms)]['response'] 
	no_darax_responses = df[df['arm'].isin(no_darax_arms)]['response'] 
	 
	darax_orr = (darax_responses <= -30).mean() * 100 
	no_darax_orr = (no_darax_responses <= -30).mean() * 100 
	 
	# Add statistics box 
	stats_text = f'KRAS G12C Patients (n={len(df)})\n\n' 
	stats_text += f'Daraxonrasib-containing arms:\n' 
	stats_text += f'  • ORR: {darax_orr:.1f}%\n' 
	stats_text += f'  • Median response: {np.median(darax_responses):.1f}%\n\n' 
	stats_text += f'Non-Daraxonrasib arms:\n' 
	stats_text += f'  • ORR: {no_darax_orr:.1f}%\n' 
	stats_text += f'  • Median response: {np.median(no_darax_responses):.1f}%' 
	 
	props = dict(boxstyle='round', facecolor='lightblue', alpha=0.9) 
	ax.text(0.02, 0.97, stats_text, transform=ax.transAxes, fontsize=11, 
	        verticalalignment='top', bbox=props) 
	 
	# Styling 
	ax.set_xlabel('Individual Patients (sorted by response)', fontsize=14, fontweight='bold') 
	ax.set_ylabel('Best Overall Response (%)', fontsize=14, fontweight='bold') 
	ax.set_title('Waterfall Plot: KRAS G12C Patient Responses by Treatment Arm\nDemonstrating Targeted Therapy Benefit',  
	             fontsize=16, fontweight='bold', pad=20) 
	ax.grid(True, axis='y', alpha=0.3) 
	ax.set_ylim(-80, 80) 
	 
	# Legend 
	from matplotlib.patches import Patch 
	legend_elements = [Patch(facecolor=colors_map[arm], label=arm, alpha=0.8)  
	                  for arm in colors_map.keys()] 
	ax.legend(handles=legend_elements, loc='upper right', frameon=True,  
	          fancybox=True, shadow=True) 
	 
	plt.tight_layout() 
	plt.show() 
	08) Scatter Plot Matrix of AI Model Agreement 
	import matplotlib.pyplot as plt 
	import numpy as np 
	import pandas as pd 
	import seaborn as sns 
	from matplotlib.patches import Ellipse 
	 
	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
	plt.rcParams['axes.facecolor'] = 'white' 
	 
	# Generate AI model consistency scores based on document 
	np.random.seed(42) 
	 
	# Metrics evaluated 
	metrics = ['Baseline Char.', 'Median OS', 'OS HR', 'PFS Metrics',  
	           'AE Rates', 'Archetype Outcomes'] 
	 
	# AI models 
	models = ['grk4', 'grk3', 'ops4', 'g25p', 'o3pr'] 
	 
	# Generate scores with realistic clustering (grk4, g25p, o3pr cluster together) 
	n_metrics = len(metrics) 
	base_scores = { 
	    'grk4': np.random.normal(9.0, 0.3, n_metrics), 
	    'g25p': np.random.normal(9.0, 0.25, n_metrics), 
	    'o3pr': np.random.normal(8.9, 0.3, n_metrics), 
	    'grk3': np.random.normal(8.5, 0.4, n_metrics), 
	    'ops4': np.random.normal(8.6, 0.35, n_metrics) 
	} 
	 
	# Ensure scores are in valid range 
	for model in models: 
	    base_scores[model] = np.clip(base_scores[model], 7.0, 10.0) 
	 
	# Create correlation matrix 
	score_df = pd.DataFrame(base_scores, index=metrics) 
	 
	# Create pairwise scatter plot matrix 
	n_models = len(models) 
	fig, axes = plt.subplots(n_models, n_models, figsize=(15, 15)) 
	 
	for i in range(n_models): 
	    for j in range(n_models): 
	        ax = axes[i, j] 
	         
	        if i == j: 
	            # Diagonal: histogram 
	            ax.hist(score_df[models[i]], bins=15, alpha=0.7,  
	                   color='skyblue', edgecolor='black') 
	            ax.set_xlim(7, 10) 
	            if i == 0: 
	                ax.set_title(models[i], fontsize=12, fontweight='bold') 
	        else: 
	            # Off-diagonal: scatter plot 
	            x = score_df[models[j]] 
	            y = score_df[models[i]] 
	             
	            # Color by metric type 
	            colors = plt.cm.viridis(np.linspace(0, 1, len(metrics))) 
	            scatter = ax.scatter(x, y, c=colors, s=100, alpha=0.7,  
	                               edgecolors='black', linewidth=1) 
	             
	            # Add correlation 
	            corr = np.corrcoef(x, y)[0, 1] 
	            ax.text(0.05, 0.95, f'r = {corr:.3f}',  
	                   transform=ax.transAxes, fontsize=10, 
	                   bbox=dict(boxstyle='round', facecolor='white', alpha=0.8)) 
	             
	            # Add trend line 
	            z = np.polyfit(x, y, 1) 
	            p = np.poly1d(z) 
	            ax.plot(sorted(x), p(sorted(x)), "r--", alpha=0.5, linewidth=2) 
	             
	            # Add confidence ellipse for tight cluster 
	            if models[j] in ['grk4', 'g25p', 'o3pr'] and models[i] in ['grk4', 'g25p', 'o3pr']: 
	                ellipse = Ellipse((np.mean(x), np.mean(y)),  
	                                np.std(x)*2, np.std(y)*2, 
	                                alpha=0.2, color='blue') 
	                ax.add_patch(ellipse) 
	             
	            ax.set_xlim(7, 10) 
	            ax.set_ylim(7, 10) 
	            ax.grid(True, alpha=0.3) 
	         
	        # Labels 
	        if i == n_models - 1: 
	            ax.set_xlabel(models[j], fontsize=10) 
	        if j == 0: 
	            ax.set_ylabel(models[i], fontsize=10) 
	         
	        # Remove labels for inner plots 
	        if i < n_models - 1: 
	            ax.set_xticklabels([]) 
	        if j > 0: 
	            ax.set_yticklabels([]) 
	 
	# Main title 
	fig.suptitle('AI Model Agreement Matrix: Cross-Verification Consistency Scores\nShowing Clustering of grk4, g25p, and o3pr Models', 
	             fontsize=18, fontweight='bold', y=0.98) 
	 
	# Add colorbar for metrics 
	sm = plt.cm.ScalarMappable(cmap=plt.cm.viridis,  
	                          norm=plt.Normalize(vmin=0, vmax=len(metrics)-1)) 
	sm.set_array([]) 
	cbar_ax = fig.add_axes([0.92, 0.3, 0.02, 0.4]) 
	cbar = fig.colorbar(sm, cax=cbar_ax) 
	cbar.set_ticks(range(len(metrics))) 
	cbar.set_ticklabels(metrics) 
	cbar.set_label('Metrics', fontsize=12, fontweight='bold') 
	 
	plt.tight_layout() 
	plt.show() 
	09) Sankey Diagram of Patient Flow 
	import matplotlib.pyplot as plt 
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	plt.style.use('default') 
	plt.rcParams['figure.facecolor'] = 'white' 
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	    'events': [4.5, 3.5, 2.5, 1.5, 0.5] 
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	# Patient numbers 
	total_patients = 100000 
	patients_per_arm = 20000 
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	progression_rates = [0.85, 0.88, 0.89, 0.87, 0.92]  # By 24 months 
	death_rates = [0.75, 0.80, 0.82, 0.78, 0.85]  # By 24 months 
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	arm_colors = ['#e74c3c', '#3498db', '#2ecc71', '#f39c12', '#95a5a6'] 
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	ax.text(1, 5, f'Total Enrolled\nn = {total_patients:,}',  
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	# Draw randomization flows 
	for i, (y, color, name) in enumerate(zip(y_positions['arms'], arm_colors, arm_names)): 
	    # Arm box 
	    arm_box = FancyBboxPatch((3, y-0.3), 2.5, 0.6, 
	                           boxstyle="round,pad=0.05", 
	                           facecolor=color, alpha=0.7, 
	                           edgecolor='black', linewidth=2) 
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	    ax.text(4.25, y, f'{name}\nn = {patients_per_arm:,}',  
	            ha='center', va='center', fontsize=11, fontweight='bold', color='white') 
	     
	    # Flow from total to arm 
	    x_coords = [2, 3] 
	    y_start = 5 
	    y_end = y 
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	        (x_coords[0], y_start), 
	        (x_coords[0] + 0.5, y_start), 
	        (x_coords[1] - 0.5, y_end), 
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	    ] 
	    codes = [mpatches.Path.MOVETO, mpatches.Path.CURVE4,  
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	    patch = mpatches.PathPatch(path, facecolor='none',  
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	    n_alive_no_prog = patients_per_arm - n_died 
	     
	    # Progression box 
	    prog_box = FancyBboxPatch((event_x, y+0.1), 2, 0.35, 
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	    # Death box 
	    death_box = FancyBboxPatch((event_x, y-0.35), 2, 0.35, 
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	                             facecolor='darkred', alpha=0.7, 
	                             edgecolor='black', linewidth=1) 
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	    patch = mpatches.PathPatch(path, facecolor='none',  
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	ax.arrow(0, timeline_y, 9, 0, head_width=0.1, head_length=0.2,  
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	               '• Highest death rate in Control (85%)\n' + \ 
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	               '• Progression rates >85% in all arms' 
	props = dict(boxstyle='round', facecolor='lightyellow', alpha=0.9) 
	ax.text(0.98, 0.02, findings_text, transform=ax.transAxes, fontsize=11, 
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	# Data from document 
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	    'Arm A:\nTriplet': { 
	        'os': 8.7, 
	        'ae': 94, 
	        'patients': 20000, 
	        'color': '#e74c3c' 
	    }, 
	    'Arm B:\nMitaz + lipo-IRI': { 
	        'os': 7.8, 
	        'ae': 80, 
	        'patients': 20000, 
	        'color': '#3498db' 
	    }, 
	    'Arm C:\nDarax + lipo-IRI': { 
	        'os': 7.5, 
	        'ae': 75, 
	        'patients': 20000, 
	        'color': '#2ecc71' 
	    }, 
	    'Arm D:\nDarax + Mitaz': { 
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	        'patients': 20000, 
	        'color': '#f39c12' 
	    }, 
	    'Arm E:\nControl': { 
	        'os': 6.1, 
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	    } 
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	# Create figure 
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	# Plot bubbles 
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	    size = (arm_info['patients'] / max_patients) * 2000 
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	              s=size, color=arm_info['color'],  
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	    ax.annotate(arm_name, (arm_info['ae'], arm_info['os']), 
	                xytext=(5, 5), textcoords='offset points', 
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	    ax.text(arm_info['ae'], arm_info['os'] - 0.15, 
	            f'OS: {arm_info["os"]:.1f}mo\nAE: {arm_info["ae"]:.0f}%', 
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	median_ae = np.median([arm['ae'] for arm in arms_data.values()]) 
	 
	ax.axhline(y=median_os, color='gray', linestyle='--', alpha=0.5, linewidth=1) 
	ax.axvline(x=median_ae, color='gray', linestyle='--', alpha=0.5, linewidth=1) 
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	        bbox=dict(boxstyle='round', facecolor='lightgreen', alpha=0.3)) 
	ax.text(90, 9, 'High Efficacy\nHigh Toxicity\n(Trade-off)',  
	        fontsize=12, ha='center', va='center', 
	        bbox=dict(boxstyle='round', facecolor='yellow', alpha=0.3)) 
	ax.text(60, 6.5, 'Low Efficacy\nLow Toxicity',  
	        fontsize=12, ha='center', va='center', 
	        bbox=dict(boxstyle='round', facecolor='lightblue', alpha=0.3)) 
	ax.text(90, 6.5, 'Low Efficacy\nHigh Toxicity\n(Avoid)',  
	        fontsize=12, ha='center', va='center', 
	        bbox=dict(boxstyle='round', facecolor='lightcoral', alpha=0.3)) 
	 
	# Add arrows for ideal direction 
	ax.annotate('', xy=(55, 9.5), xytext=(65, 8.5), 
	            arrowprops=dict(arrowstyle='->', lw=3, color='green', alpha=0.7)) 
	ax.text(52, 9.7, 'Optimal\nDirection', fontsize=10, ha='center',  
	        color='green', fontweight='bold') 
	 
	# Styling 
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	ax.set_ylabel('Median Overall Survival (months)', fontsize=14, fontweight='bold') 
	ax.set_title('Efficacy-Safety Analysis for Treatment Selection\nBubble Size Represents 20,000 Patients per Arm',  
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	               '2. Arm D (Darax + Mitaz): Best efficacy-safety balance\n' + \ 
	               '3. Arm E (Control): Poor efficacy with moderate toxicity\n' + \ 
	               '4. Consider patient fitness when selecting treatment' 
	props = dict(boxstyle='round', facecolor='wheat', alpha=0.9) 
	ax.text(0.02, 0.02, insights_text, transform=ax.transAxes, fontsize=11, 
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