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PATHFx is a combination of path (pathologic, here: caused by cancer) and fx (fracture)
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Both Jonathan Forsberg and Rikard Wedin are orthopedic surgeons specialized in metastatic bone surgery (pathologic fractures and paresis caused by metastatic compression of the spinal cord).



Metastatic Bone Disease 

Pain, fractures and paraparesis caused by bone mets afflict 
75% of patients with advanced breast cancer and 
50% of patients with advanced prostate cancer 
 
They destroy patient quality of life and are expensive to treat 
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In Metastatic Bone Disease, the cancer has spread to the skeleton and its virtually incurable. It causes pain, fractures and para-paresis when the vertebraes collapse. This afflicts 75 %...



Pathologic fractures – costs of care 
 

• >25 % complications, >10 % re-operations 
 

• Cost of care for s-met surgery doubles every tenth 
year   Antezak 2014, Pereira 2015 

 
• Sweden >1000 operations/year,                 

developed part of world: >250 000 op/year  
 
 

• PATHFx saves 8-10 % of costs of care:              
Substantial global savings 
 
 

Presentatör
Presentationsanteckningar
A pathologic fx is not only bad news for the patient but also for the health care budget. Because cancer caused fx seldom heal and the bone quality of these patients are commonly very bad, there is a very high risk of complications and reoperations which is a catastrophy for a patient that has a median 7 months to live. And the costs are increasing rapidly.. A fairly recent study shows that the costs of care for patients with metastatic bone disease doubles every tenth year.



Survival after operation for pathologic 
fracture (Karolinska) 

 
• 2/5 patients alive after 1 year 
• 1/5 patients diseased within 7 weeks 

 
• Individualize treatment –         

prognosticate survival 
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Karolinska data with over 1400 operated patients reveals that 2 out of 5 patients lives one year after metastatic bone surgery but one out of 5 patients are dead within 7 weeks. If you treat the short time survivors and the long time survivors with the same surgical reconstruction, you will inevitable overtreat the short time survivors and undertreat the long time survivors. In order to improve outcome, Its important to tailor and individualize the treatment and for that reason you need an accurate prognosis. 



Questions for the surgeon: 
 1. Does the patient benefit from an operation?  
 2. If operation – what method of reconstruction? 
 - The prognosis decides 
 

Short survival: Simple method 
+ short hospital stay/rehab   
- high risk of failure if long 

survival 

Long survival: Durable method 
- extensive surgery,   
  longer hospital stay/rehab                
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When I meet the patient, I need to decide firstly: Will the patient live long enough so that the benefit from an operation will balance the risks of complications. If I decide to operate, what metod of operation? Will I go for a simple method or something durable?  The prognosis decides! A patient with less than 6 months to live is better off with a simple method that allows a short hospital- and rehab stay. A patient that will live longer needs a durable method but with the disadvantage of extensive surgery and rehabilitation needs and this is not good for a patient with short survival



Importance of choosing wisely 

Accurate estimates of patient survival after surgery are vital, because 
they drive treatment choices 
 

Poor choices, based on over or underestimates, harm patient quality of 
life and inflate healthcare costs 

Radiotherapy Intramedullary nail Endoprosthesis 
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Survival estimates drive treatment choices and, by extension healthcare costs.  



Superior Savings 
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Savings per Patient 

MEDIAN SAVINGS IS $3,696 

PATHFx will produce substantial savings in the 
greatest majority of patient encounters 
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The savings are based on what choices the Swedish Healthcare Network (and the orthopaedic surgeons) Makes in terms of a threshold.  PATHFx could deliver considerable savings depending on how the healthcare network performs at baseline (IS THERE ROOM FOR IMPROVEMENT)For instance, these are US HEALTHCARE DOLLARS, extracted from surgeon performance at MSKCC for the most likely patient interactions (sick patients, healthy patients and everything in between)—Who are very good at what they do / and at estimating survival.  If MSKCC can save a median $3,696 per patient, imagine what PATHFx can do for other healthcare networks that are less adept at estimating survival.So if there are 10,000 patients who may benefit from this in the next decade, the Swedish healthcare network can expect to save $37M.0.1% per year (10M Swedish population) 10,000 people per year x $3700 =  $37M



Prognosis is important 

• Help set patient (and family) expectations 
• Prognosis of less than six months is used as a 

criteria for Hospice care. 
• Useful for clinical (and surgical) decision-making 
• Especially true at the end of life to maintain 

• Quality of life 
• Dignity and control  

 

Chochinov Lancet 2002 
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There are other reasons why prognosis is important…It helps set patient and family expectationsIt can be used to decide when its time for a hospiceWhen we have developed PATHFx further, it will be most useful not only for surgical decision-making but also regarding treatments like chemotherapy This is especially true at the end of life to maintain QOL, if possible, but more importantly dignity and control, which has been determined to be two of the most important priorities in terminally ill patients.  
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Results of 326 Estimates of Survival After Surgery 
Made by 258 Physicians 

60% 

180 360 540 720 0 

Length of Survival, days 

20% 

40% 

80% 

100% 

PHYSICIAN ESTIMATES OF SURVIVAL 

PHYSICIAN ESTIMATES COMMUNICATED  
TO PATIENTS 

ACTUAL SURVIVAL 

Trouble Choosing Wisely 
(Overestimating Survival) 

Lamont, Ann Intern Med 2001 
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Physician estimates of survival are problematic for a variety of reasons, however, they’re most often optimistic. Here’s a Kaplan Meier curve from a recent Canadian study…



 
  

Artificial Intelligence:  
Machine Learning 
 
Bayesian Belief Network 

uncover the conditional 
relationships among the data 
using the machine-learning 
technology. Useful also when 
data incomplete 
 

 
•   
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PFX was constructed as a part of Jonathan Forsbergs thesis at the Karolinska Institute, Rikard Wedin was the main tutor.Pathfx is Artificial Intelligence constructed with Machine learning and Bayesian statistic. Bayesian statistics explores relationships between variables, for example there are many factors that decide how long a cancer patient will live but some factors are more important than others at different stages of the disease and that is taken into consideration when pathfx makes its prognosis. Another important feature with Bayesian statistics is that it is useful even if all data are not at hand which it seldom is when you work clinically.



Modell för 3-månadersöverlevnad 

Model Validation 
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This is the graphical plot of one of our 6 different survival models. This is the 3-month survival model and the red variables closets to the blue box are the most important ones for survival > 3 months.On CROSS VALIDATION, we found that the 3 month model was sufficiently ACCURATE with an AUC 0.86.



12-Month Model Accuracy 
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Model Validation 

EACH POINT IS A PARTICULAR DECISION THRESHOLD 
THAT REPRESENTS A SENSITIVITY/SPECIFICITY PAIR 

EACH PAIR HAS A COST/SAVINGS BENEFIT RELATED 
TO IT THAT PHYSICIANS AND ADMINISTRATORS CAN 

CHOOSE TO BEST FIT THEIR NEEDS 
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and the 12 month model was also quite accurate with an AUC of 0.83NOTICE that the features that are predictive of long term survival are SLIGHTLY DIFFERENT



• 3 months 
 

• 12 months 
 

Short survival 

Median survival 

Long survival 

+ 

- 

+ 

- 

 1 month 

 

 6 months 

 

 18 months 

 24 months 

 

Six separate time models 
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We started off with the 3 & 12 month models but nowadays we have models 1, 6, 18  and 24 months in order to simplify decision making.



Global Validation 
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Before we implement PATHFx in any health care enterprise, it must undergo external validation.  TO DATE, we have externally validated PATHFx in 4 regions.  All have been successful.  



Externally validated in USA, 
Scandinavia, Italy and Japan 
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TO DATE, we have externally validated PATHFx in 4 regions and soon also in South Africa.  All have been successful.  



Scientific proof of concept for PATHFx  
 
Can A Multivariate Model for Survival Estimation in Skeletal Metastases (PATHFx) Be Externally Validated Using 
Japanese Patients? Ogura K,…..Wedin R, Forsberg JA. Clin Orthop Relat Res. 2017 Sep;475(9):2263-2270. doi: 
10.1007/s11999-017-5389-3. Epub 2017 May 30. PMID: 28560532 
 
Can We Estimate Short- and Intermediate-term Survival in Patients Undergoing Surgery for Metastatic Bone 
Disease? Forsberg JA, Wedin R, Boland PJ, Healey JH. Clin Orthop Relat Res. 2017 Apr;475(4):1252-1261.  
doi: 10.1007/s11999-016-5187-3. Epub 2016 Dec 1. PMID: 27909972 
 
Thesis for doctoral degree (Ph.D): Turning Data Into Decisions - Clinical Decision Support in Orthopaedic Oncology, 
Jonathan A. Forsberg, Karolinska Institute (2015) 
 
How do we estimate survival? External validation of a tool for survival estimation in patients with metastatic bone 
disease-decision analysis and comparison of three international patient populations. Piccioli A, Spinelli MS, Forsberg 
JA, Wedin R et al. BMC Cancer. 2015 May 22;15:424. doi: 10.1186/s12885-015-1396-5. PMID: 25998535 
 
Treating metastatic disease: Which survival model is best suited for the clinic? Forsberg JA, Sjoberg D, Chen QR, 
Vickers A, Healey JH. Clin Orthop Relat Res. 2013 Mar;471(3):843-50. doi: 10.1007/s11999-012-2577-z. PMID: 
22983682 
 
External validation of the Bayesian Estimated Tools for Survival (BETS) models in patients with surgically treated 
skeletal metastases. Forsberg JA, Wedin R, Bauer HC, Hansen BH, Laitinen M, Trovik CS, Keller JØ, Boland PJ, Healey 
JH. BMC Cancer. 2012 Oct 25;12:493. doi: 10.1186/1471-2407-12-493. PMID: 2309853 
 
Estimating survival in patients with operable skeletal metastases: an application of a bayesian belief network. 
Forsberg JA, Eberhardt J, Boland PJ, Wedin R, Healey JH. PLoS One. 2011;6(5):e19956.  
doi: 10.1371/journal.pone.0019956. Epub 2011 May 13.PMID: 21603644 
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Other Model Inputs 

Extent of Disease 

ECOG Performance Status 

Surgeon’s Estimate of Survival 

PATHFx evaluates 11 prognostic variables and 
immediately gives a patient specific prognosis 
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Here’s an example of how it looks on a mobile phone, tablet or laptop.  Orthopaedic surgeons input information about their patient(s) and use the information to help determine which type of treatment is best for the patient, and most economical.  



PATHFx 

• Improves patient satisfaction and lowers costs 
 

• Helps surgeon avoid first impulse decisions 
regarding to operate or not & reconstruction 
 

• Helps communication between low-volume 
surgeons and experts 
 

• Previous scores are based on historical data, 
PATHFx is continously updated 

 



     www.pathfx.org 
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Right now PATHFx is under reconstruction to give a better interactive experience with many new features. 



PATHFx är integrerat i National Institutes 
of Healths datajournal 
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Ultimately, we’d like PATHFx to be integrated into the EHR, to provide SEAMLESS survival estimates using data already collected within the medical record.Here’s an example of the PATHFx output in the EHR used at the National Institutes of Health, in Bethesda MD.



Proposed Electronic Health Record Integration Pilots 
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National Institutes of 
Health (2016) 

Memorial Sloan Kettering 
Cancer Center (2017) 

Karolinska  
University Hospital?  

National University 
Cancer Institute, 
Singapore 
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We’re rolling out fully integrated versions of PATHFx in the EMRs of four institutions:  NIH, MSKCC the National University Cancer Institute in Singapore and hopefully the New Karolinska University Hospital Solna during 2018



International Bone Metastasis Registry 

Japanese 
Musculoskeletal 
Oncology Group 

International Bone Metastasis Registry 

Italian Orthopaedic 
Society 

National University 
Cancer Institute, 
Singapore 

Memorial Sloan Kettering 
Cancer Center 

Murtha Cancer Center 

National Institutes of 
Health 
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University of Tampere  
University of Copenhagen 

Johns Hopkins University 

Capetown 
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Vi har etablerat ett globalt nätverk av samarbetspartners, ledande inom sitt område för att säkerställa att PATHFx uppdateras och anpassar sig till nya metoder i behandlingen av skelettmetastaser. Vår senaste partner är Capetown, Sydafrika. PATHFx är redan integrerat I NIH journalsystem I USA som en pilottest, vilket har tagits emot mycket positivt. 



International Bone Metastasis Registry 

• Whats in it for the user? 
– Proven registry free of charge 
– Large data base for research 
– Quality control for your own department  

• easy comparison between international centers 

– Anonymous data transferred 
 

• Whats in it for the registry? 
– Pathfx continuously updated with quality data 



Development Environment 

MODEL IMPROVEMENT AS NEW DATA IS AVAILABLE RIGOROUS STATISTICAL EVALUATION 

FUTURE DIAGNOSIS-SPECIFIC MODELS 

BREAST CANCER 
HIP FRACTURE 

LUNG CANCER 
PROSTATE CANCER 

RENAL CELL CANCER 
THYROID CANCER 

MODEL ACCURACY AND 
VALIDATION 

DECISION ANALYSIS 

COST SAVINGS ANALYSIS 

Registry 

AGE 
SEX 

ONOLOGIC DIAGNOSIS GROUPING 
EXTENT OF DISEASE 

ECOG PERFORMANCE STATUS 
PHYSICIAN ESTIMATE OF SURVIVAL 

 

ADDITIONAL VARIABLES 

Web Service 

RUNTIME MODEL ON PATHFx SERVER 

Global Network 

LOCAL MDs AND EHRs 

PATHFx Vision 
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REGISTRY AUTOMATICALLY 
QUERIES WEB SERVICE 

WITH DE-IDENTIFIED DATA 

1, 3, 6, 12, 18, 24-MONTH 
ESTIMATES OF SURVIVAL 

QUERIES 

ON DEMAND 

DE-IDENTIFIED 
DATA 

REGULAR 
MODEL 

UPDATES 

V 2.0 V 3.0 V 4.0 

V 1.0 

INTEGRATED 
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In order to stay current, with changing trends in treatment philosophy and Societal input, we designed PATHFx to improve over time.Here’s how it works:
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What is your most expensive problem ? 

Methodology of Turning Data Into Decisions 

MODEL DEVELOPMENT AND IMPROVEMENT RIGOROUS STATISTICAL EVALUATION 
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PATHFx is the result of a process we used to turn HEALTH CARE DATA, into a DECISION SUPPORT TOOL designed to save money and improve outcomes.  The methodology is SCALABLE and can be applied to other areas of healthcareWe can all agree that estimating the likelihood of certain outcomes (bad or good) may improve the way we deliver care, and allow for a more efficient use of resources.



 

New method to combine Artificial Intelligence with patient 
quality registries 
 
Svea prize: PATHFx is one of the 5 best e-health innovations 
in Sweden 2017 
 
Helps cancer patients globally 
 
 

 
•   

 

 

Presentatör
Presentationsanteckningar
Summary
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