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Learning Objectives

• The attendee will understand the role clinical pathways can play as a decision 
support tool which can assist physicians in selecting an appropriate molecularly driven 
therapy.

• The attendee will understand the role clinical pathways can play as a decision 
support tool which can assist physicians not only in selecting an appropriate therapy, 
but in determining the correct time and method of testing, and the time to stop therapy.

• The attendee will understand the need for rapid updating of clinical pathways given 
the rapid advances occurring in the field of “Precision Medicine”

• The attendee will understand the role of clinical pathways as a quality measure, 
assuring patients of care which incorporates the latest scientific advances.



Agenda

• Is precision medicine new?
• How to manage increasing clinical complexity?
• How does precision medicine fit in a value-based world?
• Elements and considerations of precision pathways

Example:
• A Chronic Myelogenous Leukemia (CML) pathway



What Is Precision Medicine?

NIH Genetics Home Reference. https://ghr.nlm.nih.gov/primer/precisionmedicine/definition. Accessed September 20, 2018.

According to the National Institutes of Health (NIH), precision medicine is "an 
emerging approach for disease treatment and prevention that takes into 
account individual variability in genes, environment, and lifestyle for each 
person.”  

Precision medicine is in contrast to a "one-size-fits-all" approach, in which 
disease treatment and prevention strategies are developed for the average 
person, with less consideration for the differences between individuals

Researchers hope that this approach will expand to many areas of health in 
coming years

LifestyleEnvironment



Clinical Guidelines vs Pathways

Oncology 
Guidelines

Oncology 
Pathways

• Breadth of pathways

• Depth of pathways

• Collaboration with providers

• Criteria for preferred pathways



Pathways and Precision Medicine

• Pathways drive standardization of care based 
on the best available pathway evidence for a 
population

• Precision medicine is individualized care

• Does there need to be conflict between 
pathways and precision medicine? 

‒ Personalized care?

‒ Standardized care? 



Targeted Therapy Is Not New



Precision Medicine in Oncology: 
Key Points

• Oncology is unique in that somatic mutations can both drive the development 
of a tumor and serve as a therapeutic target for treating the cancer

• NGS assays are the standard of care for many types of cancers; however, 
clinicians are struggling to translate the results of these tests into patient care

• Inter-professional precision medicine initiatives are a forum for developing 
clinical recommendations for patients with NGS mutation panels and a 
novel practice model for clinical pharmacists

NGS = next-generation sequencing.
Walko C, et al. Am J Health Sys Pharm. 2016;73(23):1935-1942.



Somatic 
Alterations

Somatic Alterations

Increasing number of somatic alterations identified 
by whole exome and large gene panel sequencing

1. Most likely passenger events with no influence 
on prognosis or response to therapy

2. Smaller subset of known or suspected 
functionally significant mutations with no clear 
therapeutic implications

3. Smallest subset of known driver mutations that 
are clinically actionable

Chakravarty D, et al. JCO Precis Oncol. 2017;1:1-16.



Tumor Genetic Testing

• Tumor genetic testing now part of routine patient care

• Interpretation of variants remains an important challenge
• In major academic cancer centers, a significant proportion 

of physicians report low confidence in their ability to 
make optimal recommendations on the basis of genomic 
information

Walko C, et al. Am J Health Sys Pharm. 2016;73(23):1935-1942.



Patient Genomic Alterations: 
Biologic Effects and Clinical Implications 

Results from OncoKB database

• Patient genomic alterations are annotated with information from OncoKB, and their 
biologic effects and clinical implications are summarized, which facilitates cancer 
researcher and clinician interpretation of complex genomic data

• To date, OncoKB has annotated more than 3,000 alterations in 418 cancer-
associated genes

FDA = Food and Drug Administration.
Chakravarty D, et al. JCO Precis Oncol. 2017;1:1-16.



How Targeted Therapy Works

Molecular mechanisms 
regulating the hormone 
sensitivity of breast cancer

Bottom Line: Approximately 70% of 
breast cancers are estrogen receptor 
(ER) positive.

P P AP-1

Tokunaga E, et al. Cancer Sci. 2014;105(11):1377-1383.

Estrogen 
Receptors



Driver Mutations in Adenocarcinoma
of the Lung

Frequency of driver mutations in adenocarcinoma of the lung 

ALK = anaplastic lymphoma receptor tyrosine kinase; BRAF = B-raf protein; EGFR = epidermal growth factor receptor; HER2 = human epidermal growth factor receptor 2; KRAS = 

Kirsten rat sarcoma; MET = mesenchymal-epithelial transition factor; RET = rearranged during transfection; ROS = ROS proto-oncogene.

Bernicker EH, et al. J Oncol Pract. 2017;13(4):221-227.



Paradigm Shift in Oncology Treatment: Pembrolizumab

FDA approves first cancer 
treatment for any solid tumor 
with a specific genetic feature

FDA. https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm560167.htm. Accessed September 21, 2018.



Goals of Levels of Evidence and Clinical Pathways

• Get drugs that have the potential to help patients TO those patients

• Avoid off-label use of a drug which is explicitly NOT warranted as existing data argues 
against the use of a targeted agent in a specific cancer type

• Assure patients that despite clinical complexity they are receiving high-quality care 
incorporating the latest scientific advances

Patients

Hyman DM, et al. N Engl J Med. 2015;373(8):726-736.



Levels of Evidence Classification System 

• To communicate the clinical utility of 
individual mutant alleles (mutated form 
of a gene) consistently, a level of 
evidence classification system was 
developed that takes into account the 
site of tumor origin by recognizing that 
the effects of targeted inhibitors vary 
by tumor lineage, even in cancers that 
share the same mutant allele

• Individual mutational events are 
annotated by the level of evidence 
that supports the use of a certain drug 
in an indication that harbors that 
mutation

Chakravarty D, et al. JCO Precis Oncol. 2017;1:1-16.



Levels of Evidence

Levels 
1 or 2A

Standard of Care

Levels 
2B, 3, 4

Preferably clinical trial 
(identified by pathway)

Compassionate use

Pay for performance



Integration of Genomics Into 
Clinical Pathways

Precision Medicine and Decision Support

Diagnostic Testing



Test Interpretation Challenge: CML

Which is the appropriate diagnostic 
strategy?
• Bone Marrow Cytogenetics
• qPCR
• BCR-ABL kinase domain mutational analysis

When should the test should be 
performed?  
• When to perform the test?
• When to repeat the test?



Not Yet Ready for Prime Time – But Who Do You Test?

Personalized 
Medicine



Precision Medicine Drives Value



Paradigm Shift in Oncology Treatment

Old Model:
ICD10 drives therapy selection 

New Paradigm: 
NGS/biomarkers drive 
therapy selection

Implications

Patients Oncologists • Value-based care 
delivery 

• Stakeholders



Anticipated Implications of Treatment Paradigm Shift

• Higher likelihood that therapy will work
• Management of potential “financial toxicity”

• Biomarker selection
• Test selection and interpretation
• Managing clinical complexity 

• Opportunity for greater cost savings
• Advanced clinical management strategies

Patients

Oncologists

• Value-based 
care delivery

• Stakeholders



Precision Medicine Outcomes in Patients with 
Advanced Cancer

A retrospective analysis of precision medicine outcomes in patients with advanced cancer reveals improved progression-free survival 
without increased healthcare costs

PURPOSE:
The advent of genomic diagnostic technologies such as next-generation sequencing has recently enabled the use of genomic information to 
guide targeted treatment in patients with cancer, an approach known as precision medicine. However, clinical outcomes, including survival 
and the cost of healthcare associated with precision cancer medicine, have been challenging to measure and remain largely unreported.

PATIENTS AND METHODS:
We conducted a matched cohort study of 72 patients with metastatic cancer of diverse subtypes in the setting of a large, integrated healthcare 
delivery system. We analyzed the outcomes of 36 patients who received genomic testing and targeted therapy (precision cancer medicine) 
between July 1, 2013, and January 31, 2015, compared with 36 historical control patients who received standard chemotherapy (n=29) or 
best supportive care (n=7).

RESULTS:
The average progression-free survival was 22.9 weeks for the precision medicine group and 12.0 weeks for the control group (P=.002) 
with a hazard ratio of 0.47 (95% CI, 0.29 to 0.75) when matching on age, sex, histologic diagnosis, and previous lines of treatment. In a subset 
analysis of patients who received all care within the Intermountain Healthcare system (n=44), per patient charges per week were $4,665 in the 
precision treatment group and $5,000 in the control group (P=.126).

CONCLUSION:
These findings suggest that precision cancer medicine may improve survival for patients with refractory cancer without increasing 
healthcare costs. Although the results of this study warrant further validation, this precision medicine approach may be a viable option for 
patients with advanced cancer.

Patients

23 weeks

sur
viv
al

Haslem DS, et al. J Oncol Pract. 2017;13(2):e108-e119. Bernicker EH, et al. J Oncol Pract. 2017;13(4):221-227.



Challenge for Oncologists

Clinical complexity is greater than an individual 
physician’s capacity to keep top-of-mind

SolutionOncologist

Evidence-based 
pathways

Quality metrics, analytics, 
and reporting modules

Managing Increasing Clinical Complexity in a Value-based Care 
Delivery Landscape



Maintenance of Genomics in Pathways

• Rapidly evolving field with:
‒ Changing levels of evidence (“2B or not 2B”)

‒ Basket/umbrella trials

‒ Uncovering of new actionable mutations

‒ Multiple evidence silos
• FDA labeling
• NCCN guidelines
• ASCO guidelines
• Conference proceedings
• Disease-focused expert group recommendations
• Scientific literature
• Big data

• Need for active and regular curation
NCCN = National Comprehensive Cancer Network; ASCO = American Society of Clinical Oncology.



EXAMPLE



Chronic Myeloid Leukemia (CML) in 2018

ü CML is a heterogenous disease

ü 14% of all leukemia cases diagnosed in the 
US

ü Accounts for 0.5% (n=8,430) of all new 
cancer cases in the US 

ü More common in older adults and men

ü 5-year survival = 67.6%

ü Considered a chronic condition

The Philadelphia Chromosome: 
BCR-ABL gene structure

National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) Program. https://seer.cancer.gov. National 
Cancer Institute. https://www.cancer.gov. Accessed September 21, 2018.



An Evolving CML Treatment Paradigm: CML Therapy in 
2018

TKI = tyrosine kinase inhibitor; HCT = hematopoietic cell transplantation.
NCCN Guidelines Version 4.2018 Chronic Myeloid Leukemia.

• Imatinib 400 mg daily
• Nilotinib 300 mg twice daily
• Dasatinib100 mg daily
• Bosutinib 400 mg daily

Frontline

• TKIs: Nilotinib, dasatinib, bosutinib, ponatinib 
• Omacetaxine
• Allogeneic HCT

Second/Third line

• Decitabine, interferon
• Hydroxyurea, cytarabine, combinations of TKIs 
• Investigational agents, clinical trials

Other



Key Treatment Considerations – Chronic Phase CML

NCCN Guidelines Version 4.2018 Chronic Myeloid Leukemia. Sokal JE, et al. Blood. 1984;63(4):789-799. Hasford J, et al. J Natl 
Cancer Inst. 1998;90:850-858.

Risk Category
Risk Definition by Calculation

Sokal Hasford 

Low <0.8 ≤780

Intermediate 0.8 – 1.2 781 – 1480

High >1.2 >1480

Patient comorbidities

Drug toxicities

Response to therapy

Evaluate patient compliance

Monitoring for early toxicities

Cost and access

Risk-Stratification

What is the role of risk stratification?
Long-term data suggests a preferential 

benefit with 2nd generation TKIs for 
intermediate- or high-risk CML



Treatment Based on BCR-ABL1 Mutation Profile

Branford S, et al. Blood. 2017;130(Suppl):Abstract 251. NCCN Guidelines Version 4.2018 Chronic Myeloid Leukemia.

Mutation testing is used to:

• Determine mutations in other 
genes at diagnosis, which guides 
treatment

• Assess additional genomic 
lesions at disease progression

Mutation Treatment 
Recommendation

Y253H, E255K/V, or 
F359V/C/I

Dasatinib

F317L/V/I/C, T315A, or 
V299L

Nilotinib

E255K/V, F317L/V/I/C, 
F359V/C/I, T315A, or 
Y253H

Bosutinib

T315I Ponatinib, 
Omacetaxine, 
allogeneic HCT, or 
clinical trial



Why Does Response Monitoring Matter?

• EMR, MMR achievement, and deeper molecular responses 
beyond MMR are all associated with improved long-term survival

• Successful TKI therapy can reduce the disease burden of CML 
below the threshold of detection

• Frequent molecular monitoring is associated with TKI adherence

EMR = early molecular response; MMR = major molecular response; CHR = complete hematologic response; PCyR = partial cytogenetic response; MCyR = major 
cytogenetic response; CCyR = complete cytogenetic response; QPCR = quantitative RT-PCR; CMR = complete molecular response. 
Erba HP. Am J Hematol. 2015;90(3):242-249. NCCN Guidelines Version 4.2018 Chronic Myeloid Leukemia.

Frequent 
Molecular 

Monitoring

High TKI 
Adherence

Clinical and 
Economic 

Outcomes



Decision Support Tool: First-Line Progression of Disease 



Decision Support: Consideration for Discontinuation 



Conclusions

1. There does not need to be a conflict between pathways and precision 
medicine if sufficient granularity is built into the pathways to allow for 
individualization

2. Pathways are a required tool for physicians to manage increasing clinical 
complexity, including testing, test interpretation, and therapy

3. The incorporation of genomics and precision medicine into pathways holds 
potential for improvement in outcomes (without increased healthcare 
costs?)

4. Interpretation of genetic variants remains a challenge
5. There is a need for active and regular curation of the tumor genetic 

database
6. Well-designed and regularly maintained pathways can ensure patients receive 

care incorporating the latest scientific advances



Questions?


