
Utilization of Machine Learning and Proton Collaborative Group Data to Develop a 
Model for Predictive Prostate Cancer Proton Radiotherapy Response

Luisel J. Ricks-Santi, PhD1, Abheek Sambyal2, John McDonald1, Vahagn Nazaryan3, Gary Larson4, William Hartsell4, 
Henry Tsai4, George Laramore4, Carl Rossi4, Lane Rosen4, Shahed Badiyan4, Carlos Vargas4

1Hampton University Cancer Research Center, 2Sentrana, Inc., 3Hampton University Proton Therapy Institute, and the 
4Proton Collaborative Group

RESULTS

0.0

20.0

40.0

60.0

80.0

100.0

A
m

e
ri

c
a

n
 I
n

d
ia

n
 o

r 
A

la
s
k
a

N
a

ti
v
e

A
s
ia

n

B
la

c
k
 o

r 
A

fr
ic

a
n

 A
m

e
ri

c
a

n

W
h

it
e

M
is

s
in

g 6 7 8 9

1
0

G
ro

u
p
 I

G
ro

u
p
 I

Ia

G
ro

u
p
 I

Ib

G
ro

u
p
 I

II

G
ro

u
p
 I

V

G
ro

u
p
 X

Race Gleason Stage

0.0

20.0

40.0

60.0

80.0

100.0

120.0

N
o

Y
e

s

N
o

Y
e

s

N
o

Y
e

s

N
o

Y
e

s

U
n
k
n

o
w

n

N
o

Y
e

s

U
n
k
n

o
w

n

N
o

Y
e

s

U
n
k
n

o
w

n

Prior Radical
Prostatectomy

Prior Androgen
Depravation

Prior Dutasteride Prior Testosterone Prior Finasteride Prior Medication
for Urinary
Symptoms

0%

20%

40%

60%

80%

100%

120%

40 45 50 55 60 65 70 75 80 85 90

Age (years)

0%

20%

40%

60%

80%

100%

120%

0 500 1000 1500 2000 2500

# Days

Introduction: Both proton and photon therapy are used as curative

treatment for Prostate Cancer (Pca) and have become a standard

treatment option. In current era of personalized medicine, there remains

a need for innovative tools that consider inherent patient

radiosensitivity, as well as demographic and clinical level variables such

race, age, and prior treatment for the determination of precise

radiotherapeutic treatment of cancer.

Objectives: The objective herein was to identify a patient profile

associated with biochemical recurrence following proton therapy.

Methodology: To begin testing out hypothesis, demographic and clinical

data were obtained from the Proton Collaborative Group Registry (PCG

– REG001-09- NCT01255748). The data underwent statistical analysis

utilizing Machine Learning technique which is described in greater detail

below.

Response Variable: To achieve the Objective #1 “Recurrence following

Therapy” we wanted to measure the resulting PSA levels post Proton

Treatment to determine Recurrence vs. Positive Outcome. We created

a new variable “Change in PSA Levels” that not only allowed us to

identify patients who had post-treatment PSA below the threshold of

4.0, but also ensured we could measure whether or not there was a

drastic change in pre vs. post PSA level for patients undergoing Proton

Treatment. The variable “Change in PSA Levels” was therefore

measured as:

Change in PSA Levels = Post Proton Therapy PSA last measured / Pre Proton Therapy PSA

To build the Logistic Regression Model, we then created a Binary

Response variable called “Patient Response to Therapy” using the

Change in PSA Level values. The specified cut-off for Change in PSA

Levels were used to categorize Patients who Responded positively to

Therapy vs. Patients who did not respond positively to Therapy.

Response Stratification: We stratified the patient populations into

quintiles based on the “Change in PSA Levels” and testing multiple

models to identify patients with extreme variation in response to

treatment. The final model we selected was based on the below

stratification for the Response variable:

Patients who responded positively to Proton Therapy  Change in PSA < 0.015 

Patients who did not respond positively to Proton Therapy  Change in PSA > 0.3

Based on the above stratification, the patient population size that

was used for training the model was 569 patients

Model Training using Machine Learning: We used a Machine Learning

Pipeline (MLP) that included the below stages to train the model: 1)

Missing Value Treatment Stage, 2) Normalizer Stage, 3) Box-Cox

Transformer Stage, 4) Feature Assembler Stage, and 5) Ridge

Regression Stage. The above MLP was executed using a 2-Fold Cross

Validation Method and using Grid Search Technique to tune the Hyper

Parameter (λ value) for the Ridge Regression stage of the MLP.

INTRODUCTION

No Recurrence Recurrence Total

No Recurrence 261 70 331

Recurrence 40 198 238

Total 301 268 569

True Negative 0.788519637

False Negative 0.168067227

False Positive 0.211480363

True Positive 0.831932773

Accuracy 0.806678383

Misclassification Rate 0.193321617

True Positive Rate 0.831932773

False Positive Rate 0.211480363

Specificity (True Neg) 0.788519637

Precision 0.73880597

False Negative 0.168067227

AUC 0.882

Predicted

Actual

Column1 Estimate Std. Error z value Pr(>|z|)

(Intercept) -14.05 1.44 -9.74 0.00

Gleason Score 1.30 0.15 8.45 0.00

Prionr Androgen Depravation (Yes) 1.40 0.27 5.23 0.00

Dayw between end of TX and last follow up 0.00 0.00 3.92 0.00

Age at time enrolled 0.05 0.02 2.95 0.00

Prior Radical Prostatectomy (Yes) -1.98 0.67 -2.95 0.00

Number of sites 0.37 0.13 2.74 0.01

Interruption of Treatment -0.60 0.24 -2.49 0.01

Prior Dutasteride (Yes) 1.03 0.59 1.75 0.08

Column1 Characteristic PCG n=2617 % This study n=569 This study %

Race

Unknown 77 2.9 19 3.4

American Indian 

or Alaska Native
30 1.1 9 1.6

Asian 38 1.5 12 2.1

Black or African 

American
185 7.1 38 6.7

Middle Eastern 1 0 0 0

North Coast of 

Africa
1 0 1 0.2

White 2285 87.3 490 86.1

Primary Gleason

Unknown 9 0.3 0 0

2 4 0.2 0 0

3 1762 67.3 347 61

4 795 30.4 208 36.6

5 47 1.8 14 2.5

Total Gleason

Unknown 11 0.4

5 9 0.3 1 0.2

6 920 35.2 187 32.9

7 1239 47.3 221 38.8

8 269 10.3 102 17.9

9 158 6 54 9.5

10 11 0.4 4 0.7

Stage (T)

ct1 1608 61.4 193 33.9

ct2 723 27.6 187 32.9

ct3 89 3.4 23 4

ct4 4 0.2 4 0.7

cTx, unknown, or 

not done)
193 7.4 162 28.5

Table 1. Descriptive analysis of PCG and this 

study’s population demographics. 

Table 2. Characteristics associated with 

Biochemical recurrence. 

Table 3. Prediction of biochemical recurrence 

based on table 2 characteristics. 

Figure 1. Graphical representation of 

demographic and clinical variables of 

current study participants. 

Figure 2. Graphical representation of 

utilization of other treatment in current 

participants. 

Figure 3. Association between Gleason 

and Biochemical recurrence. 

Figure 4. Association between Prior 

Androgen Suppression and Biochemical 

recurrence. 

Figure 5. Association between Interruption 

of Treatment and Biochemical recurrence. 

Figure 6. Association between Prior 

Radical Prostatectomy and Biochemical 

recurrence. 

Figure 7. Association between Days 

between last treatment and follow-up and 

Biochemical recurrence. 

Figure 8. Association between Age at 

Enrollment and Biochemical recurrence. 
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