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Preface

The purpose of the AHRQ Healthcare Horizon Scanning System is to conduct horizon scanning of
emerging health care technologies and innovations to better inform patient-centered outcomes
research investments at AHRQ through the Effective Health Care Program. The Healthcare Horizon
Scanning System provides AHRQ a systematic process to identify and monitor emerging
technologies and innovations in health care and to create an inventory of interventions that have the
highest potential for impact on clinical care, the health care system, patient outcomes, and costs. It
will also be a tool for the public to identify and find information on new health care technologies
and interventions. Any investigator or funder of research will be able to use the AHRQ Healthcare
Horizon Scanning System to select potential topics for research.

The health care technologies and innovations of interest for horizon scanning are those that have yet
to diffuse into or become part of established health care practice. These health care interventions are
still in the early stages of development or adoption, except in the case of new applications of
already-diffused technologies. Consistent with the definitions of health care interventions provided
by the National Academy of Medicine (formerly the Institute of Medicine) and the Federal
Coordinating Council for Comparative Effectiveness Research, AHRQ is interested in innovations
in drugs and biologics, medical devices, screening and diagnostic tests, procedures, services and
programs, and care delivery.

Horizon scanning involves two processes. The first is identifying and monitoring new and evolving
health care interventions that are purported to or may hold potential to diagnose, treat, or otherwise
manage a particular condition or to improve care delivery for a variety of conditions. The second is
analyzing the relevant health care context in which these new and evolving interventions exist to
understand their potential impact on clinical care, the health care system, patient outcomes, and
costs. It is NOT the goal of the AHRQ Healthcare Horizon Scanning System to make predictions on
the future use and costs of any health care technology. Rather, the reports will help to inform and
guide the planning and prioritization of research resources.

We welcome comments on this Potential High-Impact Interventions report. Send comments by mail
to the Task Order Officer named in this report to: Agency for Healthcare Research and Quality, 540
Gaither Road, Rockville, MD 20850, or by email to: effectivehealthcare@ahrg.hhs.gov.

Richard Kronick, Ph.D. David Meyers, M.D.
Director Acting Director
Agency for Healthcare Research and Quality Center for Evidence and Practice Improvement

Agency for Healthcare Research and Quality
Elise Berliner, Ph.D.
Task Order Officer
Center for Evidence and Practice Improvement
Agency for Healthcare Research and Quality
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Executive Summary

Background

Horizon scanning is an activity undertaken to identify technological and system innovations that
could have important impacts or bring about paradigm shifts. In the health care sector, horizon
scanning pertains to identification of new (and new uses of existing) pharmaceuticals, medical
devices, diagnostic tests and procedures, therapeutic interventions, rehabilitative interventions,
behavioral health interventions, and public health and health promotion activities. In early 2010, the
Agency for Healthcare Research and Quality (AHRQ) identified the need to establish a national
Healthcare Horizon Scanning System to generate information to inform comparative-effectiveness
research investments by AHRQ and other interested entities. AHRQ makes those investments in 14
priority areas. For purposes of horizon scanning, AHRQ’s interests are broad and encompass drugs,
devices, procedures, treatments, screening and diagnostics, therapeutics, surgery, programs, and
care delivery innovations that address unmet needs. Thus, we refer to topics identified and tracked
in the AHRQ Healthcare Horizon Scanning System generically as “interventions.” The AHRQ
Healthcare Horizon Scanning System implementation of a systematic horizon scanning protocol
(developed between September 1 and November 30, 2010) began on December 1, 2010. The system
is intended to identify interventions that purport to address an unmet need and are up to 3 years out
on the horizon and then to follow them up to 2 years after initial entry into the health care system.
Since that implementation, review of more than 21,000 leads about potential topics has resulted in
identification and tracking of about 2,250 topics across the 14 AHRQ priority areas and 1 cross-
cutting area; more than 600 topics are being actively tracked in the system.

Methods

As part of the Healthcare Horizon Scanning System activity, a report on interventions deemed
as having potential for high impact on some aspect of health care or the health care system (e.g.,
patient outcomes, utilization, infrastructure, costs) is aggregated twice a year. Topics eligible for
inclusion are those interventions expected to be within 0-3 years of potential diffusion (e.g., in
phase 11 trials or for which some preliminary efficacy data in the target population are available) in
the United States or that have just begun diffusing and that have completed an expert feedback loop.

The determination of impact is made using a systematic process that involves compiling
information on topics and issuing topic drafts to a small group of various experts (selected topic by
topic) to gather their opinions and impressions about potential impact. Those impressions are used
to determine potential impact. Information is compiled for expert comment on topics at a granular
level (i.e., similar drugs in the same class are read separately), and then topics in the same class of a
device, drug, or biologic are aggregated for discussion and impact assessment at a class level for
this report. The process uses a topic-specific structured form with text boxes for comments and a
scoring system (1 minimal to 4 high) for potential impact in seven parameters. Participants are
required to respond to all parameters.

The scores and opinions are then synthesized to discern those topics deemed by experts to have
potential for high impact in one or more of the parameters. Experts are drawn from an expanding
database ECRI Institute maintains of approximately 170 experts nationwide who were invited and
agreed to participate. The experts comprise a range of generalists and specialists in the health care
sector whose experience reflects clinical practice, clinical research, health care delivery, health
business, health technology assessment, or health facility administration perspectives. Each expert
uses the structured form to also disclose any potential intellectual or financial conflicts of interest
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(COls). Perspectives of an expert with a COIl are balanced by perspectives of experts without COls.
No more than two experts with a possible COI are considered out of a total of the five to eight
experts who are sought to provide comment for each topic. Experts are identified in the system by
the perspective they bring (e.g., clinical, research, health systems, health business, health
administration, health policy).

The topics included in this report had scores and/or supporting rationales at or above the overall
average for all topics in this priority area that received comments by experts. Of key importance is
that topic scores alone are not the sole criterion for inclusion—experts’ rationales are the main
drivers for the designation of potentially high impact. We then associated topics that emerged as
having potentially high impact with a further subcategorization of “lower,” “moderate,” or “higher”
within the high-impact-potential range. As the Healthcare Horizon Scanning System grows in
number of topics on which expert opinions are received and as the development status of the
interventions changes, the list of topics designated as having potentially high impact is expected to
change over time. This report is being generated twice a year.

For additional details on methods, please refer to the full AHRQ Healthcare Horizon Scanning
System Protocol and Operations Manual published on AHRQ’s Effective Health Care Web site.

Results

The table below lists 25 topics for which (1) preliminary data from a trial intended to support
regulatory approval for drugs (i.e., phase 11l data for most drugs and phase 1l data for accelerated,
fast-track, or orphan drugs), phase Il or 111 data for devices or procedures or data from pilot
programs were available; (2) information was compiled and sent for expert comment before May 8,
2015, in this priority area; and (3) we received five to seven sets of comments from experts between
July 1, 2014, and May 18, 2015. (A total of 230 topics in this priority area were being tracked in the
system as of May 8, 2015). Please note that some of the comments received on some interventions
predated their recent approvals by the U.S. Food and Drug Administration (FDA). For purposes of
this report, we aggregated related topics for summary and discussion (i.e., by drug class and
disease). Topics in this Executive Summary and report are organized alphabetically by disease state
and by intervention. We present 13 summaries on 19 topics (indicated by an asterisk) that emerged
as having higher-impact potential on the basis of expert comments and assessment of potential
impact.

Priority Area 02: Cancer

Topics High-Impact Potential

1. Ado-trastuzumab emtansine (Kadcyla) antibody-drug conjugate for | Prior high-impact topic (December 2014);
treatment of advanced HER2-positive breast cancer archived April 2015

2. * Anamorelin for treatment of cancer-related cachexia/anorexia Lower end of the high-impact-potential range

3. Bevacizumab (Avastin) for treatment-refractory ovarian cancer No high-impact potential; archived on basis

of experts’ comments

4. *Blinatumomab (Blincyto) for treatment of acute lymphoblastic Lower end of the high impact-potential range

leukemia

* |brutinib (Imbruvica) for treatment of chronic lymphocytic leukemia | High

6. * Ibrutinib (Imbruvica) for treatment of mantle cell ymphoma High

7. *lbrutinib (Imbruvica) for treatment of Waldenstrom’s High
macroglobulinemia

8. *ldelalisib (Zydelig) for treatment of chronic or small lymphocytic High
leukemia

9. *ldelalisib (Zydelig) for treatment of indolent non-Hodgkin’s High
lymphoma
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Topics

High-Impact Potential

10. * Lenvatinib for treatment of differentiated thyroid cancer Lower end of the high-impact-potential range

11. * Nivolumab (Opdivo) for treatment of advanced melanoma Moderately high

12. * Nivolumab (Opdivo) for treatment of nonsmall cell lung cancer High

13. Olaparib (Lynparza) for treatment of ovarian cancer No high-impact potential at this time; awaiting

additional data from phase lll trials

14. * Ovarian tissue cryopreservation for fertility preservation in females | Lower end of the high-impact-potential range
undergoing gonadotoxic cancer therapy

15. * Palbociclib (Ibrance) for treatment of estrogen receptor—positive Moderately high
breast cancer

16. * Pembrolizumab (Keytruda) for treatment of advanced melanoma Moderately high

17. Radium-223 dichloride (Xofigo) for treatment of solid tumor bone Prior high-impact topic (December 2014);
metastases archived April 2015

18. * Ramucirumab (Cyramza) for treatment of gastric cancer Lower end of the high-impact-potential range

19. * Ruxolitinib (Jakafi) for treatment of polycythemia vera Lower end of the high-impact-potential range

20. * Siltuximab (Sylvant) for treatment of multicentric Castleman’s Lower end of the high-impact-potential range
disease

21. * Sorafenib (Nexavar) for treatment of differentiated thyroid cancer | Lower end of the high-impact-potential range

22. Specialized care model for adolescents and young adults with Prior high-impact topic (December 2014);
cancer archived April 2015

23. * Stool DNA molecular test (Cologuard) for colorectal cancer Lower end of the high-impact-potential range
screening

24. * Talimogene laherparepvec (T-VEC) for treatment of advanced Lower end of the high-impact-potential range
melanoma

25. Web-based education program (Preparatory Education About No high-impact potential; archived April 2015

Clinical Trials) to increase enrollment in oncology clinical trials

on basis of experts’ comments

FDA: U.S. Food and Drug Administration

Discussion

Prior Potential High-Impact Topics Archived

The following three topics that were deemed to have high-impact potential in previous reports
have been archived since the December 2014 Potential High-Impact Interventions Report because
they no longer meet criteria for tracking in the Healthcare Horizon Scanning System. These topics
have either timed out (being 2 years past FDA approval), or they have diffused broadly after
tracking for more than 2 years. Two other reports that did not have high-impact potential also were
archived; they are discussed in the next section.
e Ado-trastuzumab emt ansine (Kadcyla) antibody-drug conjugate for treatment of
advanced HER2-positive breast cancer: Experts who commented thought ado-
trastuzumab emtansine had significant potential to improve outcomes for patients with
HER2-positive metastatic breast cancer. They thought that the shortcomings of previous
therapies represented a significant unmet need. Commenters also stated that the drug’s
potential to displace current standard of care for HER2-positive metastatic breast cancer
could have significant impacts on patient management. Because the drug is second-line
therapy, it does not displace other therapy, and thus adds to costs of patient care.
Commenters noted that its cost was comparable to monthly costs of other targeted cancer
therapies. FDA approved ado-trastuzumab emtansine in February 2013. This drug has been
diffusing for more than 2 years; therefore, it no longer meets criteria for tracking and was
archived in April 2015 in the horizon scanning system.
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Radium-223 dichloride (Xofigo) for treatment of solid tumor bone metastases: Experts’
comments indicated that radium-223 dichloride had significant potential to improve
treatment for bone metastases, particularly for patients with prostate cancer. Although
commenters thought radium-223 dichloride would likely be widely adopted for this
indication, they thought it had similarities to other treatments that would limit the
treatment’s impact on the health care system infrastructure and practices. FDA approved
radium-223 dichloride for treating solid tumor bone metastases in May 2013. This drug has
been diffusing for more than 2 years; therefore, it no longer meets criteria for tracking and
was archived in April 2015 in the horizon scanning system.

Specialized care model for adolescents and young adults (AYAs) with cancer: An
important unmet medical need exists for health care models focusing on the special needs of
AYAs, though experts. However, some were concerned about the absence of clinical data on
the impact of AYA centers on AY A health outcomes. One commenter with clinical
background was concerned that this care model might lead to structural and administrative
changes before evidence demonstrates that health outcomes are improved with this care
model. If this model is implemented, clinicians and patients would widely accept its
programs, commenters also thought. Some commenters thought the few available AYA
centers would limit access to AY A care and increase health disparities while others thought
it could decrease outcome disparities between AY As and non-AY As. Cost information
about these models is not readily available. Costs incurred would include medical and social
work staff trained to care for AYAs, physical environments attuned to needs of AYAs, and
AY A-focused support groups, extended hours, and care coordination targeted at the mobile
lifestyles of many AYAs (e.g., attending college). When this specialized care model was
first identified, the U.S.-based nonprofit Teen Cancer America had established the first AYA
unit in the country and was planning to develop additional centers. By 2015, at least 30
health centers throughout the U. S. had implemented an AYA care model (though not all
under the auspices of Teen Cancer America); thus, this model is considered to be diffusing
widely and we archived it in April 2015 in the horizon scanning system because it no longer
meets tracking criteria.

Eligible Topics Not Deemed High Impact

In this section, we briefly discuss three topics that were deemed to have no high-impact
potential at this time based on experts’ comments, poor outcomes in clinical trials, or no longer
meeting Healthcare Horizon Scanning System requirements. We archived two of these topics.

Bevacizumab (Avastin) for treatment-refractory ovarian cancer: Bevacizumab for
treating ovarian cancer has potential to address the unmet need, commenters opined. Three
agreed patients would benefit from bevacizumab if their disease progressed after first- and
second-line therapy. Among them, a clinical expert pointed out that ovarian cancer is the
deadliest gynecologic cancer and any improvement in survival is important. In contrast,
another clinical commenter thought the short extension in survival would not benefit
patients because of potential for side effects. Despite bevacizumab offering a small increase
in survival, overall, commenters thought inconsistent outcomes among different studies, an
increase in adverse events (i.e., gastrointestinal perforations, hypertension), and failure to
identify the population with the best response rates limit the clinical benefits of
bevacizumab. FDA approved bevacizumab in November 2014 for treating recurrent
platinum-resistant ovarian cancer, although it has been listed for several years in National
Comprehensive Cancer Network guidelines as an off-label option for treating ovarian cancer
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in the second- and third-line settings. For all of the above reasons, bevacizumab was deemed
to have no high-impact potential and we archived the topic in May 2015.

e Olaparib (Lynparza) for treatment of ovarian cancer: Commenters thought an important
need exists for treatments that can improve outcomes in patients with platinum-resistant
ovarian cancer. However, commenters agreed that clinical data did not consistently show
significant benefit, because olaparib extended only the time of remission, but not overall
survival. Although clinicians could offer olaparib as another option for platinum-resistant
ovarian cancer, its associated adverse events would probably deter patient adoption, thought
experts. In December 2014, FDA approved olaparib for treating advanced ovarian cancer in
patients with germline BRCA mutations who have received at least three chemotherapies.
Despite FDA approval, the available phase 111 data and expert comments do not support
olaparib as having high-impact potential. We await additional data from ongoing phase Il1
trials and will then seek additional expert comments to determine whether it might have
future potential for high impact.

e Web-based education program (Preparatory Education About Clinical Trials) to
increase enrollment in oncology clinical trials: Overall, commenters agreed the
Preparatory Education About Clinical Trials (PreACT) program has potential as an
education tool for patients to determine whether to enter a clinical trial and to lower
enrollment barriers. Only about 5% of patients with cancer participate in clinical trials;
PreACT could potentially clear up misconceptions about the study and increase patient
enrollment. Additionally, for many patients with advanced cancer, PreACT may increase
awareness about clinical trials, which as a commenter explained, might be the only treatment
option. Commenters also anticipate clinicians and patients will adopt this Web-based
program to learn more about clinical trials but that health care infrastructure and patient
management will remain unaffected. At the same time, commenters do not expect the
program to affect disparities or increase costs. However, PreACT has many competitors in
other forms, including Web sites and apps for mobile devices that also offer information
about clinical trials, a commenter with a clinical perspective argued. Because PreACT does
not have distinctive features that make the program stand out among various clinical trial
educational options, this topic was deemed to have no high-impact potential and we
archived the topic in May 2015.

Eligible Topics Deemed High Impact

Topics that emerged as having potential for high impact include novel drugs and biologics for
treating various cancers; a novel colorectal cancer (CRC) screening test; and a procedure intended
to preserve fertility in female cancer patients. The conditions that these interventions address
include both solid tumors (breast cancer, CRC, gastric cancer, nonsmall cell lung cancer [NSCLC],
melanoma, and thyroid cancer) and hematologic malignancies (Castleman’s disease, acute
lymphoblastic leukemia [ALL], chronic lymphocytic leukemia [CLL], mantle cell lymphoma, non-
Hodgkin’s lymphoma, and polycythemia vera). Additionally, one intervention is intended to treat a
side-effect of advanced cancer: cancer-related cachexia/anorexia. The group of therapeutic agents
includes both small-molecule and biologic drugs. Most small-molecule drugs, such as a dual cyclin-
dependent kinase (CDK) inhibitor, a ghrelin-receptor agonist, and five kinase inhibitors, have well-
defined mechanisms of action and target a specific signaling pathway involved in cancer
pathogenesis. The CDK inhibitor is a first-in-class small molecule that selectively targets CDK4
and CDK®6 and has a synergistic effect with endocrine therapy to prevent proliferation of estrogen
receptor—positive breast cancer. Large-molecule drugs include five monoclonal antibodies, which
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target either molecules involved in hallmarks of cancer: angiogenesis (ramucirumab) and immune
tolerance (nivolumab, pembrolizumab) or molecules expressed by malignant cells (CD19
[blinatumomab], interleukin-6 [siltuximab]). The eligible topics also include a first-of-its-kind
oncolytic virus bioengineered to replicate in cells that are actively dividing, which is characteristic
of tumor cells. The cancer screening test offers a potentially simpler or purportedly improved
solution to existing technologies.

Breast Cancer

Palbociclib (Ibrance) for Treatment of Estrogen Receptor—Positive Breast
Cancer

Key Facts: In 2015, the American Cancer Society estimated that about 75% of the
anticipated 234,000 cases of invasive breast cancer in the United States would be estrogen
receptor—positive (ER-positive). This subclass is characterized by overexpression of the
estrogen receptor. Some of the available treatment options inhibit ER signaling by targeting
the receptor directly or blocking the pathway responsible for synthesizing the ER ligand.
Although oncologists treat patients with alternating endocrine therapies to reduce the chance
of drug resistance, disease recurrence occurs in a significant number of patients with ER-
positive breast cancer. Therefore, a need exists for drugs targeting elements downstream of
the ER pathway that have the potential to decrease the incidence of drug resistance. One of
the early steps of cell proliferation is mediated by CDKSs 4 and 6 when they interact with
cyclin D, which in turn inactivates the tumor suppressor protein, retinoblastoma (Rb). Upon
phosphorylation by the CDK4/6-cyclin D complex, Rb releases its inhibitory hold on the
transcription factor E2F, which will begin to transcribe genes required for DNA synthesis,
promoting cell-cycle progression. Palbociclib (Ibrance®) selectively inhibits CDK 4 and 6
and purportedly reduces drug resistance by blocking cell-cycle progression and inhibiting
cancer cell proliferation. In February 2015, palbociclib was approved as first-line treatment
for ER-positive/human epidermal growth factor receptor 2—negative (HER2-negative) breast
cancer in combination with letrozole under FDA’s breakthrough therapy designation and
priority review programs. Palbociclib is administered orally, daily, for 3 or 4 weeks at a dose
of 125 mg, and this regimen is being studied in combination with letrozole as first-line
treatment of advanced ER-positive/HER2-negative breast cancer.

Finn et al. (2015) reported results from the phase I PALOMA-1 trial that compared
palbociclib plus letrozole combination with letrozole alone in treatment-naive
postmenopausal women with advanced ER-positive/HER2-negative breast cancer. They
reported that palbociclib increased progression-free survival and had an improved trend in
overall survival. The most common adverse events reported with palbociclib were arthralgia,
back pain, diarrhea, dyspnea, fatigue, leukopenia, nausea, neutropenia, and
thrombocytopenia. These findings were the basis for a new drug application (NDA), which
was granted priority review by FDA. Additionally, palbociclib is being studied in the
adjuvant setting and as second-line treatment in patients whose disease has progressed after
different types of endocrine therapy. Results from PALOMA-3, a phase |11 trial testing
palbociclib in combination with fulvestrant for treating endocrine therapy-relapsed advanced
ER-positive/HER2-negative breast cancer, were reported by Turner et al. in June 2015.
Investigators and an independent data monitoring committee determined that palbociclib
plus fulvestrant significantly improved progression-free survival over placebo plus
fulvestrant (9.2 vs. 3.8 months). Based on a U.S.-based, online aggregator of prescription-
drug prices, GoodRX, 21 capsules of 125 mg of palbociclib costs about $10,200. We found a
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prescription formulary and a medical policy that offer coverage for palbociclib, which like
other cancer drugs is categorized as a specialty pharmaceutical requiring prior authorization
for coverage. Two other CDK4/6 inhibitors—abemaciclib and ribociclib—are also in
development for treating breast cancer and could compete with palbociclib.

Key Expert Comments: Most experts commenting, including two clinicians, believe that
patients with ER-positive breast cancer survive long enough to develop recurrence and have
limited second-line treatment options. Therefore, they believe palbociclib has potential to
improve outcomes for these patients; however, two nonclinical research experts thought
available efficacy data were not impressive. Palbociclib’s oral formulation would facilitate
broad adoption, thought most experts, especially because it targets a novel cell-cycle
checkpoint, to alter and limit cancer development. Experts, some commenting before FDA’s
approval, also thought insurers would cover palbociclib if FDA approved the drug, which
could decrease health disparities by offering an option for this patient population.
High-Impact Potential: Moderately high

Cancer—Related Cachexia/Anorexia

Anamorelin for Treatment of Cancer-Related Cachexia/Anorexia

Key Facts: Cachexia is a syndrome triggered by a chronic disease and is characterized by
progressive loss of body fat and skeletal muscle. Cancer-related anorexia/cachexia syndrome
(CACS) manifests in 50% to 80% of cancer patients and is responsible for 20% of deaths.
Nutritional intake alone cannot reverse CACS because it is caused by abnormalities in
carbohydrate, fat, and protein metabolism, which is why appetite stimulators such as
megestrol acetate and glucocorticoids have had limited efficacy. Therefore, a need exists for
interventions that can prevent body deterioration and restore the loss of muscle and fat.
Anamorelin has an N-terminal active core that binds to the ghrelin receptor and stimulates
neuroendocrine responses that enhance appetite and anabolism, potentially leading to an
increase in body weight and lean body muscle mass. Thus, it is thought to have potential to
improve quality of life and survival of patients by counteracting the body-wasting symptoms
of CACS. The binding of anamorelin’s N-terminal active core to the ghrelin receptor
stimulates a neuroendocrine signaling cascade that triggers anabolism and, in turn, increases
appetite to increase food intake and enable gain of body weight and lean body muscle mass.
In clinical trials, anamorelin is being tested in patients with NSCLC; it is administered daily,
orally, at a dosage of 100 mg for 12 weeks or until disease progression or unacceptable
toxicity.

In September 2014, Temel and collaborators presented results from the phase 111
ROMANA 1 and 2 trials at the annual European Society for Medical Oncology Conference,
in which after 12 weeks of anamorelin treatment, patients experienced a significant increase
in lean body mass compared with body mass for patients receiving placebo. On the other
hand, Temel’s group reported no statistical difference in hand-grip strength between the two
groups. Patients from these trials who are able to receive further anamorelin treatment will
be enrolled in the phase I1l ROMANA 3 extension trial to assess the long-term safety and
efficacy of anamorelin. Overall, anamorelin was well tolerated by patients, with the most
common grade 3—4 adverse events being asthenia, atrial fibrillation, diabetes, dyspnea,
hyperglycemia, and nausea. Since anamorelin is not FDA-approved for treating CACS, no
pricing, coverage, coding, or payment information is available. However, if anamorelin is
approved, it is likely to be reimbursed by third-party payers.
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Key Expert Comments: Even though the initial data from the phase 111 trials are positive
and indicate anamorelin has potential to address the unmet need, four of the experts thought
the data were too early to allow assessment of long-term efficacy. They argue that any
benefit seen at 12 weeks is no guarantee this trend will continue beyond this point.
Additionally, two of these experts pointed out that cancer-related cachexia is caused by a
complex mechanism that is not fully understood; therefore, it seems unlikely anamorelin as
a monotherapy would be able to alleviate all cachexia symptoms. Besides anamorelin’s
potential for treating cachexia, other factors such as patient education and behavior can help
improve quality of life and patient outcomes, an expert noted.

High-Impact Potential: Lower end of the high-impact-potential range

Colorectal Cancer

Stool DNA Molecular Test (Cologuard) for Colorectal Cancer Screening

Key Facts: New screening methods are highly desired that could improve the accuracy of
existing noninvasive screening tests for CRC and increase the percentage of the population
that undergoes recommended CRC screening. Research has demonstrated that cells undergo
a number of genetic and epigenetic changes during malignant transformation, and detecting
these changes may indicate a precancerous lesion or cancer. The Cologuard stool DNA test
is a molecular diagnostic designed to detect such changes in colon-derived cells sloughed off
the intestinal walls and secreted with stool. Investigators studied the test in a 10,000-patient
trial in which patients underwent Cologuard screening, fecal immunohistochemical testing
(FIT, a standard noninvasive test that detects blood in stool), and colonoscopy. Imperiale
and collaborators (2014) reported that, using colonoscopy findings as the gold standard, the
sensitivity of Cologuard was 92.3% for CRC and 42.4% for precancerous lesions. These
results compared favorably to the sensitivity of FIT, which was 73.8% and 23.8% for CRC
and precancerous lesions, respectively. However, the reported specificity of Cologuard was
lower than that of FIT: 86.6% versus 94.9%.

FDA approved Cologuard as a CRC screening option in August 2014. The Cologuard
test underwent a parallel review by FDA and the U.S. Centers for Medicare and Medicaid
Services (CMS) so that their decisions closely coincided. In October 2014, CMS issued its
final national coverage determination for Cologuard, which covers use of the test once every
3 years. More recently, several third-party payers have made positive coverage
determinations for non-Medicare beneficiaries. Retail cost of the Cologuard test has been
reported as $600.

Key Expert Comments: Overall, experts suggested that the large number of screening-
eligible patients who are not compliant with screening recommendations and the limited
sensitivity of existing noninvasive test methods represents an important unmet need that a
novel noninvasive test such as Cologuard could address. However, some commenters
questioned the extent to which patients would opt for Cologuard-based screening, given the
relatively high cost and requirement that patients collect stool samples. Additionally, expert
commenters were divided as to the extent to which Cologuard improves detection rates
relative to tests based on detecting blood in stool.

High-Impact Potential: Lower end of the high-impact-potential range
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Fertility Issues Associated with Gonadotoxic Cancer Therapy

Ovarian Tissue Cryopreservation for Fertility Preservation in Females
Undergoing Gonadotoxic Cancer Therapy

Key Facts: For pediatric and reproductive-age females with cancer, treatments can
negatively and often permanently affect fertility because of the gonadotoxicity of these
treatments. As the number of females surviving cancer long-term continues to grow because
of improved diagnosis and treatment, fertility preservation has become an increasingly
important concern for women and girls undergoing gonadotoxic therapy. Cryopreserved
eggs or embryos obtained before treatment for later in vitro fertilization have been the only
standard options. However, this approach is not an option for many patients (e.g., pediatric
patients, patients who must initiate chemotherapy immediately). A new option to preserve
fertility after cancer treatment involves ovarian tissue harvesting and cryopreservation for
future reimplantation after disease remission. This option is available to both prepubertal
girls and reproductive-age women and does not require the ovarian stimulation or cancer
treatment delays associated with fertility treatments (e.g., hormonal therapy to mature
ovarian follicles for retrieval). Ovarian tissue is typically collected in a same-day outpatient
surgical procedure. The patient is given general anesthesia and the surgeon retrieves tissue
either laparoscopically or through an open laparotomy. Harvested ovarian tissue is prepared
for cryopreservation through either slow freezing or vitrification (i.e., rapid cooling). Once
the patient completes treatment, the cryopreserved ovarian tissue, or autograft, is
reimplanted with the intent of restoring ovarian function and fertility. Depending on the
patient, the autograft may be placed orthotopically near the original location of the ovary, or
heterotopically in a location such as the forearm or abdomen. This intervention remains in
early stages of development with larger studies under way to assess the safety and efficacy
of ovarian tissue cryopreservation and tissue reimplantation. Publications to date have
reported more than 30 successful pregnancies in individuals who have undergone ovarian
cryopreservation and subsequent ovarian tissue transplantation, which includes the first case
of fertility restoration when the patient’s ovarian tissue was cryopreserved before puberty.
High costs are anticipated for this specialized procedure, and it is unclear whether payers
will provide coverage.

An economic evaluation of fertility preservation treatments determined the procedure for
cryopreserving ovarian tissue would cost approximately $27,000. Additionally, a fertility
clinic has published online the estimated fees of $429 for physician consultation, $445 for
blood tests, $18,000 for the laparoscopic procedure to remove ovarian tissue, $3,133 for
pathology evaluation, $1,169 for preparing ovarian tissue, and $325 for transporting the
cryopreserved ovarian tissue to the storage facility. This brings the total cost for the
procedure to $23,501, similar to the previous estimate once storage costs are included.
Additional costs for storing cryopreserved ovarian tissue vary from one private banking
facility to another. Some facilities charge an initial fee ranging between $2,000 and $4,000
to process the sample plus $16 to $38 per month for storage. Other facilities charge yearly
fees that range between $350 and $425.

Key Expert Comments: Experts offered very different perspectives on the importance of
the unmet need and the intervention’s potential to improve health outcomes. Some experts
viewed the unmet need as very important and anticipated that patients and clinicians would
readily welcome a new approach for fertility preservation in female cancer patients. Others
did not view fertility preservation and the ability to have children in the future as a critical
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concern or unmet need. Some of the views appeared to reflect personal value judgments of
individual experts about patients’ ability or need to procreate after having cancer. Experts
commenting on this topic were also divided in their assessment of the likelihood of this
intervention being adopted. Some commenters suggested that patients and clinicians would
likely opt for an intervention offering the potential to preserve fertility; other commenters
suggested that the limited data on the procedure thus far and the potential for reintroducing
cancer through ovarian tissue transplantation could limit adoption.

High-Impact Potential: Lower end of the high-impact-potential range

Gastric Cancer

Ramucirumab (Cyramza) for Treatment of Gastric Cancer

Key Facts: Even though surgical techniques, radiotherapy, and chemotherapy are available
for patients with gastric cancer, outcomes remain poor because the cancer is locally
advanced or metastatic in most patients at the time of diagnosis. Researchers have reported
that gastric cancer progression depends heavily on vascular and epidermal growth factor
pathways, and they have focused on developing drugs that target such pathways. Standard
first-line therapy usually includes a combination of fluoropyrimidine/platinum—based
chemotherapy with targeted drugs. Unfortunately the cancer progresses in most cases.
Vascular endothelial growth factor receptor 2 (VEGFR2) has a pivotal role in forming most
blood vessels involving vascular endothelial growth factor pathways, and blocking this
receptor could lead to improved outcomes in patients with advanced gastric cancer. In
studying ramucirumab (Cyramza®), which is an antibody against VEGFR2, researchers have
reported results from two studies using the agent as monotherapy or combination therapy
with paclitaxel for treating advanced gastric cancer. The REGARD trial studied patients
whose disease had progressed after chemotherapy. Results from Fuchs and co-authors
(2014) for the 355-patient, placebo-controlled trial showed improved median overall
survival (5.2 vs. 3.8 months), and treatment (median 4 doses) was generally well tolerated.
Reported common adverse events were hypertension and diarrhea. The RAINBOW trial
studied ramucirumab in combination with paclitaxel for treating gastric cancer. As reported
by Wilke et al. (2014), overall survival increased by 2.27 months, but adverse events were
twice as severe in the combination therapy as in the paclitaxel-alone group. These events
included abdominal pain, anemia, asthenia, fatigue, hypertension, leukopenia, and
neutropenia.

Basing its decision on the results from the REGARD trial, FDA approved ramucirumab
in April 2014 for treating advanced gastric cancer or gastroesophageal junction
adenocarcinoma, as monotherapy after fluoropyrimidine/platinum—based chemotherapy.
Positive results from the RAINBOW trial led to a second approval, for ramucirumab in
combination with paclitaxel, in November 2014. The labeling includes a boxed warning
about increased risk of hemorrhage, including severe and sometimes fatal events.
Ramucirumab is administered intravenously at a dosage of 8 mg/kg every 2 weeks until
disease progression or until toxicity limits further treatment. An adult of about 70 kg (154
Ib) would require would require about 560 mg per dose. A May 2015 query of a U.S.-based,
online aggregator of prescription-drug prices, GoodRx, showed costs of six vials of
Cyramza 100 mg/10 mL of about $6,300—an amount sufficient for about one treatment. A
search of 11 representative, private, third-party payers that publish their coverage policies
online found 6 policies regarding ramucirumab as medically necessary for treating patients
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with gastric cancer or gastroesophageal junction adenocarcinoma whose disease has
progressed after fluoropyrimidine/platinum-based chemotherapy.

o Key Expert Comments: Most experts commenting on ramucirumab agreed that a need
exists for new therapies for advanced gastric cancer because of the limited options available.
Although ramucirumab showed efficacy in patients with gastric cancer, four experts thought
it has only limited potential to fulfill this need because survival was marginally increased
and the benefits might not outweigh the increase in adverse events. However, two experts
anticipate as researchers continue to test combinations that include ramucirumab, treatment
could potentially have survival benefits longer than those reported in the latest clinical trials.

e High-Impact Potential: Lower end of the high-impact-potential range

Hematologic Malignhancies

Blinatumomab (Blincyto) for Treatment of Acute Lymphoblastic Leukemia

e Key Facts: For adult patients with recurrent or refractory ALL, prognosis is poor; median
overall survival is only several months and the majority of these patients will die of their
disease. No consensus on the standard of care for this patient population has been
established, and substantial interest exists in novel methods for treating the disease.
Blinatumomab (Blincyto®) is the first in a new class of anticancer treatments known as bi-
specific T-cell engagers (BITEs), which purportedly promote the interaction of T cells with
cancer cells, leading to cancer cell destruction. Topp and colleagues reported data in 2015
from a single-arm trial of blinatumomab in adult patients with recurrent/refractory B-
precursor ALL. In this trial, 43% of patients (81 of 189) achieved a complete response or
complete response with partial hematologic recovery within the first two cycles of
blinatumomab treatment. Basing its decision on these results and using its accelerated
approval pathway, FDA approved blinatumomab in December 2014 for treating patients
with Philadelphia chromosome-negative, recurrent or refractory B-cell precursor ALL.
Blinatumomab’s prescribing information carries a black box warning regarding the potential
for severe adverse events such as cytokine release syndrome and neurological toxicities,
which occurred in 2% and 11%, respectively, of patients treated with blinatumomab.
Additionally, the prescribing information notes that as a condition of the accelerated
approval, the potential clinical benefit of blinatumomab inferred from a rate of complete
response in the single-arm trial must be confirmed in a larger randomized trial.
Blinatumomab’s developer reported that blinatumomab would be priced at approximately
$178,000 for a typical patient treatment consisting of two 6-week treatment cycles.

o Key Expert Comments: Available treatments for ALL have significant shortcomings,
representing a substantial unmet need, according to commenters. Also, given this need for
novel treatments and the promising responses seen in initial trials of blinatumomab, expert
comments indicated that the drug is likely to be adopted widely by both patients and
physicians. However, experts also cautioned that randomized controlled trials of
blinatumomab would be needed to confirm the potential clinical benefit. Additionally, as a
drug given in a standard ALL treatment setting to a small number of patients, blinatumomab
was not seen by expert commenters as causing significant shifts in health care infrastructure
or patient management.

¢ High-Impact Potential: Lower end of the high-impact-potential range
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Ibrutinib (Imbruvica) and Idelalisib (Zydelig) for Treatment of Non-Hodgkin’s
Lymphomas

Key Facts: B-cell non-Hodgkin’s lymphomas (NHLs), such as CLL, mantle cell lymphoma,
and Waldenstrdm’s macroglobulinemia often respond well to first-line therapy; however,
most patients experience recurrence. In this situation, available therapies have limited
efficacy. Additionally, certain molecularly defined subtypes, such as CLL harboring a
deletion in the short arm of chromosome 17, respond poorly to standard therapies. New
agents to treat these cancers are highly desired. Recent research has identified the kinases
Btk and P13K-delta as potential targets for treating B-cell malignancies.

Ibrutinib (Imbruvica®) is an oral, first-in-class Btk inhibitor under study for treating a
wide range of B-cell malignancies. Initial data on ibrutinib came from single-arm studies,
which served as the basis for early FDA approvals; in 2013, Wang and coauthors reported a
68% response rate in patients with recurrent/refractory mantle cell lymphoma; also in 2013,
Byrd and coauthors reported a 71% response rate in patients with recurrent or refractory
CLL; and in 2015 Treon and co-authors reported a 90.5% response rate in patients with
previously treated Waldenstrom’s macroglobulinemia. More recently, data have been
reported from two randomized control studies of ibrutinib in treating CLL. In 2014, Byrd
and coauthors reported results from an open-label, randomized controlled trial of ibrutinib
versus the CD20 antibody ofatumumab for treating patients with recurrent/ refractory CLL.
In this trial, ibrutinib significantly improved overall survival compared with ofatumumab
(hazard ratio [HR], 0.434; 95% confidence interval [CI], 0.238 to 0.789; p=0.0049). More
recently, in 2015, Chanan-Khan and coauthors reported results from a double-blind,
randomized controlled trial of ibrutinib in combination with bendamustine and rituximab
compared with bendamustine and rituximab alone for treating patients with
recurrent/refractory CLL. In this trial, adding ibrutinib to bendamustine/rituximab resulted
in a statistically significant improvement in progression-free survival (HR, 0.203; 95% ClI,
0.150 to 0.276; p<0.0001).

FDA approved ibrutinib for four NHL indications: (1) patients with mantle cell
lymphoma who have received at least one prior therapy; (2) patients with CLL who have
received at least one prior therapy; (3) patients with CLL harboring a 17p deletion; and (4)
patients with Waldenstrom’s macroglobulinemia. The labeled dosage for mantle cell
lymphoma is 560 mg, once daily, and for CLL and Waldenstrom’s macroglobulinemia, 420
mg, once daily. The retail prices for ibrutinib at the mantle cell lymphoma and
CLL/Waldenstrom’s macroglobulinemia doses are about $12,800 and $9,500 per month,
respectively.

Idelalisib (Zydelig®) is an oral, first-in-class, PI3K-delta inhibitor also under study for
treating a wide range of B-cell malignancies. In results of a randomized, double-blind,
placebo-controlled trial of patients with recurrent/refractory CLL, Furman and collaborators
(2014) reported that adding idelalisib to standard treatment with rituximab improved both
progression-free survival (85% reduction in risk of progression or death) and the overall
response rate (81% rituximab plus idelalisib vs. 13% rituximab plus placebo). Results of a
second randomized, placebo controlled trial comparing combined idelalisib and ofatumumab
to ofatumumab monotherapy were presented by Jones and colleagues in 2015. In this open-
label trial, the combination of idelalisib and ofatumumab resulted in an improvement in
progression-free survival relative to ofatumumab monotherapy (16.3 vs. 8.0 months; HR,
0.27; p<0.0001). In results of a single-arm trial of idelalisib for treating recurrent/refractory
indolent NHL reported by Gopal et al. (2014), a response rate of 57% was observed.
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In July 2014, FDA approved idelalisib for treating recurrent/refractory CLL in
combination with rituximab and for two forms of recurrent/refractory indolent NHL
(follicular lymphoma and small lymphocytic lymphoma) as a monotherapy. The retail price
for idelalisib at the recommended dose of 150 mg twice daily is about $8,200 per month.
Key Expert Comments: Overall, experts opined that a significant need exists for better and
novel treatments for B-cell lymphomas and that the response rates observed in initial trials
of ibrutinib and idelalisib indicated that the drugs have significant potential to improve
patient outcomes. However, expert commenters suggested that further confirmatory studies
are needed, particularly studies comparing ibrutinib and idelalisib to alternatives. Experts
noted as significant the relatively benign side-effect profiles of ibrutinib and idelalisib and
their potential to be used for extended periods in treating several B-cell malignancies.
High-Impact Potential: High

Ruxolitinib (Jakafi) for Treatment of Polycythemia Vera

Key Facts: Polycythemia vera is a myeloproliferative neoplasm that affects approximately
100,000 people in the United States. Only one treatment for the disease is FDA approved, and
an unmet need exists for novel effective therapies, particularly in patients with polycythemia
vera whose symptoms are inadequately controlled by treatment with hydroxyurea. The FDA-
approved drug, ruxolitinib, is an orally administered, small-molecule inhibitor of two protein
kinases—Janus kinase 1 and 2—that play central roles in regulating myeloid lineages.
Overactivation of Janus kinase pathway signaling has been linked to pathogenesis of
polycythemia vera, and about 90% of polycythemia vera cases harbor an activating mutation
in the gene encoding Janus kinase 2 (i.e., JAK2V617F). Use of ruxolitinib in treating patients
with polycythemia vera whose disease is inadequately controlled by hydroxyurea has been
studied in two phase Il clinical trials: RESPONSE and RELIEF. In the RESPONSE trial,
ruxolitinib compared with physician’s choice of best available therapy demonstrated a
significant increase in the percentage of patients achieving both hematocrit control without
phlebotomy and a reduction in spleen volume of at least 35% (ruxolitinib 21% vs. best
available therapy 1%; p<0.0001). In the RELIEF trial, ruxolitinib compared with continued
treatment with hydroxyurea demonstrated a trend towards improved symptom control, but the
difference was not statistically significant. The percentage of patients achieving a 50% or
greater reduction in a patient-reported symptom severity score was 43.4% in the ruxolitinib
arm and 29.6% in the hydroxyurea arm (p=0.139).

In December 2014, FDA approved the use of ruxolitinib for treating patients with
“polycythemia vera who have had an inadequate response to or are intolerant of
hydroxyurea,” making ruxolitinib the first drug to be approved for treating polycythemia vera.
FDA had previously approved ruxolitinib for treating a related myeloproliferative neoplasm,
myelofibrosis; therefore, ruxolitinib is already available commercially. The retail cost for 1
year of ruxolitinib treatment is about $120,000 (or $9,995 per month).
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Key Expert Comments: Ruxolitinib has potential to meet a significant unmet need, given
the significant morbidity that patients with polycythemia vera experience and the lack of
approved treatments, the commenters thought. A subset of commenters suggested ruxolitinib
has substantial potential to improve treatments for patients with polycythemia vera, citing
the efficacy demonstrated in the RESPONSE trial, the relatively benign safety profile, and
the lack of existing safe and effective treatments. Conversely, other experts were more
cautious regarding the drug’s potential, citing the lack of a statistically significant
improvement in the RELIEF trial and the high cost of the drug as potential barriers to
adoption.

High-Impact Potential: Lower end of the high-impact-potential range

Siltuximab (Sylvant) for Treatment of Multicentric Castleman’s Disease

Key Facts: Multicentric Castleman’s disease is a rare lymphoproliferative disorder without
effective treatment options. Siltuximab is a monoclonal antibody specific for interleukin-6
(IL-6), a cytokine whose upregulation is thought to underlie the pathogenesis of multicentric
Castleman’s disease. Treatment with siltuximab purportedly neutralizes IL-6, thereby
improving disease symptoms. In results of a randomized, placebo-controlled trial reported
by Wong et al. (2013), patients treated with siltuximab demonstrated significantly improved
tumor and symptom response (34% siltuximab vs. 0% placebo; p=0.0012). Siltuximab was
generally well tolerated, with similar rates of adverse events reported in both treatment and
placebo arms of the trial.

In April 2014, FDA approved siltuximab for treating this disease. According to the
prescribing information, siltuximab is indicated for treating patients “with multicentric
Castleman’s disease (MCD) who are human immunodeficiency virus (HIV) negative and
human herpesvirus-8 (HHV-8) negative.” The drug is administered by IV infusion every 3
weeks, until disease progression, at a dosage of 11 mg/kg given over 1 hour. A May 2015
query of GoodRx showed costs of approximately $860 for a 100 mg vial. An adult of about
70 kg (154 1b) would require about 770 mg or 8 vials at a cost of about $7,000 per dose.
Key Expert Comments: Overall, experts concurred that siltuximab has potential to fill a
significant unmet need of patients with multicentric Castleman’s disease, given results from
the clinical trial supporting its approval and the fact that FDA has approved no other
therapies for this indication. However, siltuximab’s overall impact is limited by the small
size of the eligible patient population, the lack of any substantial changes to patient
management or health care facility infrastructure, and the preliminary nature of the data on a
therapy that could potentially be taken for extended periods.

High-Impact Potential: Lower end of the high-impact-potential range

Lung Cancer

Nivolumab (Opdivo) for Treatment of Nonsmall Cell Lung Cancer

Key Facts: Lung cancer is the second most common cancer diagnosed in the United States
and is the leading cause of cancer death. Lung cancer will be diagnosed in an estimated
221,200 Americans and an estimated 158,040 will die of the disease in 2015. NSCLC
accounts for about 75% of lung cancers and has a 5-year survival rate of 2% to 13%); thus, a
need exists for interventions that can improve patient outcomes. NSCLC among other types
of cancer has adapted a mechanism to avoid being detected by the immune system by
activating the checkpoint pathway via programmed death-1 (PD-1). Cancer cells
overexpress the ligand of PD-1 (PD-L1) and diminish the antitumor response of immune T
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cells upon binding to PD-1. Nivolumab (Opdivo®) is a monoclonal antibody specific for PD-
1 that prevents interaction with PD-L1, thus potentially improving patient survival by
disrupting the immune tolerance signal between PD-1 and PD-L1 in the immune and tumor
cells, respectively. In February 2015 and after priority review, FDA approved nivolumab for
treating NSCLC that has progressed after platinum-based chemotherapy. Results from the
phase 111 CheckMate 017 and the phase Il CheckMate 063 trials were the basis for
nivolumab’s approval.

Spigel et al. and Paz-Avres et al. presented results from the phase 111 CheckMate 017 and
CheckMate 057 trials at the 2015 American Society of Clinical Oncology Annual Meeting.
Patients with squamous NSCLC enrolled in the CheckMate 017 trial were treated with
nivolumab or docetaxel, and the nivolumab group showed a statistically significant
improvement in overall survival (9.2 vs. 6.0 months), progression-free survival (3.5 vs. 2.8
months), and response rate (20% vs. 9%). Meanwhile, patients with nonsquamous NSCLC
in the CheckMate 057 trial who received nivolumab had improved overall survival over
patients given docetaxel (12.2 vs. 9.4 months) and improved response rate (19.2% vs.
12.4%), but not longer progression-free survival (2.3 vs. 4.2 months), which could be related
to PD-L1 expression. Patients with NSCLC are treated intravenously with 3 mg/kg of
nivolumab once every 2 weeks until disease progression or unacceptable toxicity. GoodRx
reported a cost of $2,500 for 100 mg of nivolumab (1 dose for a 70 kg person would be 210
mg). Third-party payers that cover nivolumab require preauthorization.

Key Expert Comments: Overall, most experts commenting on this intervention thought
nivolumab has significant potential to improve outcomes in patients with NSCLC, who
currently have limited treatment options. One expert opined that if results from additional
studies are favorable and the role of PD-L1 in cancer is better understood, nivolumab has a
very high potential to become a standard of care. Experts anticipate nivolumab will be
adopted by both physicians and patients. Because it is administered intravenously,
nivolumab will not affect health care infrastructure or patient management. The onset of
serious adverse events caused by immunotherapy could be a hurdle for adoption, some
experts thought. Additionally, experts also agreed nivolumab is very expensive and has a
high potential to impact heath care costs; whether cost will be absorbed mostly by third-
party payers or patients remains to be determined.

High-Impact Potential: Higher end of the high-impact-potential range

Skin Cancer

PD-1 Immune Checkpoint Inhibitors Nivolumab (Opdivo) and Pembrolizumab
(Keytruda) for Treatment of Advanced Melanoma

Key Facts: A medical need exists for novel treatments for advanced melanoma, because
despite advances in melanoma therapies, outcomes are poor. Researchers have demonstrated
that several types of cancer have developed mechanisms to evade the cellular immune
response, in particular the cytotoxic response involving T cells. Under normal conditions,
immune cells use these so-called immune checkpoints to prevent exacerbated immune
responses, which could lead to damage of neighboring tissues and organs. A promising
melanoma-treatment approach involves immune-system checkpoint inhibitors, which
prolong the patient’s immune cytotoxic T-lymphocyte response, targeting and killing cancer
cells. Even though ipilimumab, an antibody against CTLA-4, has shown durable immune
responses in some patients, such response is limited to a small number of patients.
Additionally, researchers have shown high expression of the programmed death-1 (PD-1)
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ligand in cancer cells, a biomarker also involved in suppressing the immune response in
patients with melanoma. Researchers are studying the PD-1-specific antibodies, nivolumab
(Opdivo®) and pembrolizumab (Keytruda), as treatment for advanced melanoma. The drug
class is also is under study for NSCLC, gastric cancer, blood cancers, and cancers of the
breast, head and neck, and urothelial tract.

Nivolumab. Weber et al. (2014) presented results from a phase Il trial in which patients
with ipilimumab-refractory, advanced melanoma had an objective response rate of 32% with
nivolumab, which was significantly greater than the response rate in patients receiving
chemotherapy. Robert et al. (January 2015) reported findings from a second phase 11l trial
that compared nivolumab with dacarbazine in previously untreated patients with advanced
melanoma. Treatment with nivolumab showed an improvement in overall survival and
progression-free survival, compared with dacarbazine. Additionally, Larkin et al. (2015)
published results from a third phase 11 trial, in which the efficacy and safety of nivolumab
plus ipilimumab was compared with those drugs as monotherapies. Published results
showed the combination improved progression-free survival but was also associated with a
higher rate of treatment-related adverse events. The most common nivolumab-related
adverse events were fatigue, pruritus, and nausea.

Pembrolizumab. In results from a 135-patient, placebo-controlled trial of
pembrolizumab, the highest response rate was observed in 52% of patients with advanced
melanoma who were treated with 10 mg/kg of the drug every 2 weeks. In this trial, Hamid
and colleagues (2013) found no statistical significance in the response rate between patients
treated with pembrolizumab who had received prior ipilimumab treatment and those who
had not. The most common adverse events associated with pembrolizumab treatment were
fatigue, rash, pruritus, and diarrhea and were observed in 79% of patients. Similarly, results
from the phase 11l KEYNOTE-006 trial reported by Robert et al. (April 2015) demonstrated
that two different regimens of pembrolizumab improved the rates of progression-free
survival and overall survival, as compared with standard treatment with ipilimumab. These
observations led an independent data monitoring committee to recommend stopping the trial
early.

FDA approved nivolumab in December 2014 under its accelerated approval program for
treating patients with advanced melanoma after treatment with ipilimumab or a BRAF
inhibitor. In September 2014, FDA approved pembrolizumab for treating ipilimumab-
resistant metastatic melanoma. According to an online aggregator of prescription-drug
prices, the cost of nivolumab is about $2,500 for a 100 mg vial, while the cost of
pembrolizumab is about $6,600 for three 50 mg vials (it is also available through an
expanded-access program). Nivolumab and pembrolizumab are listed on many third-party
payers’ formularies as specialty pharmaceuticals that require prior authorization for use.
Key Expert Comments: Both nivolumab and pembrolizumab have moderate potential to
address an unmet need for melanoma treatment, some experts thought. They attributed their
reasoning to scarce safety and efficacy data and a similar mechanism of action to that of
other approved and soon-to-be-approved melanoma therapies. However, expert clinicians
regarded these checkpoint inhibitors as having high-impact potential to fulfill the unmet
need because they can be used as second-line treatment in patients with very poor prognosis
whose disease has progressed after treatment with ipilimumab or BRAF inhibitors.
Checkpoint inhibitors could be used for treating melanoma as well as other types of cancer,
a clinician noted, which could increase the potential of nivolumab and pembrolizumab to
address an unmet need.
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High-Impact Potential: Moderately high

Talimogene Laherparepvec (T-VEC) for Treatment of Advanced Melanoma

Key Facts: Advanced or metastatic melanoma is usually associated with poor patient
outcomes. Despite the availability of approved treatment options for these patients, response
is limited because of drug resistance developed by cancer cells; thus, an unmet need exists
for novel treatments for melanoma. Talimogene laherparepvec (T-VEC) is a herpes virus
bioengineered to no longer express the neurovirulence genes ICP34.5 and ICP47. Deleting
these factors allows T-VEC to selectively replicate in cancer cells and increase their antigen
presentation, both of which purportedly kill cancer cells without affecting normal cells.
Additionally, T-VEC also expresses granulocyte-macrophage colony-stimulating factor
(GM-CSF), a cytokine that helps recruit cells that initiate the immune response against
pathogens and cancer cells. In a phase Il trial, Kaufman et al. (2010) demonstrated that
patients treated with T-VEC had more melanoma-specific T cells than did patients treated
with GM-CSF alone. Because of its novel mechanism of action, T-VEC could be less likely
to lead to drug resistance, which gives it the potential to address this medical need. T-VEC
is being tested in the phase 111 OPTiM/Study as treatment for unresectable stage Illb, Ilic, or
IV melanoma, in which patients are treated per lesion with up to 4 mL (10° pfu/mL) of T-
VEC; after 3 weeks of rest, patients receive followup doses at a concentration of 108 pfu/mL,
biweekly. Kauffman et al. (2014) reported a significant increase in durable response rates in
patients treated with T-VEC compared with such rates in patients who were treated with
only GM-CSF. Although overall survival was not statistically significant, it had a favorable
trend towards treatment with T-VEC.

The results from this study were the basis for a biologics license application that Amgen
submitted to FDA in July 2014. Like other oncology drugs, T-VEC is expected to be
expensive and if approved by FDA, third-party payers will likely offer coverage for its
FDA-approved indication as a specialty pharmaceutical requiring prior authorization.

Key Expert Comments: Experts commenting on this intervention had differing opinions.
Some experts thought T-VEC could address a medical need, because as a genetically
engineered virus, it has the potential to improve outcomes by targeting cancer through a
mechanism that differs from standard therapies. They also thought that as the first oncolytic
virus to show efficacy against cancer, it could lay the groundwork for developing more
efficacious interventions. Although a clinician concurs T-VEC can address an unmet need,
this expert also believes its potential can increase dramatically if used in combination with
another immunotherapy. Conversely, some experts thought that T-VEC does not have the
potential to address an unmet need, because of the limited clinical data and because overall
survival was not statistically significant. In terms of its adoption, being first of its kind could
hinder T-VEC’s adoption unless safety and efficacy are clearly demonstrated in future
studies.

High-Impact Potential: Lower end of the high-impact-potential range

Thyroid Cancer

Multikinase Inhibitors Lenvatinib (Lenvima) and Sorafenib (Nexavar) for
Treatment of Differentiated Thyroid Cancer

Key Facts: The majority of diagnosed thyroid cancers are of the differentiated subtype,
which is typically amenable to treatment with radioactive iodine. However, some
differentiated thyroid cancers develop resistance, and when this occurs, limited treatment
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options exist and prognosis is poor. Researchers have been investigating the use of targeted
therapies, which are thought to regulate cancer-related processes such as cell growth, cell
proliferation, cell survival, and angiogenesis. The targeted therapies that have been most
extensively studied to date are the orally administered multikinase inhibitors lenvatinib
(Lenvima™) and sorafenib (Nexavar®). These tyrosine kinase inhibitors have activity against
multiple kinases, including VEGFR2, VEGFR3, RET, and BRAF. The tyrosine kinases
targeted by these inhibitors purportedly regulate several cellular processes of tumor growth
and angiogenesis; therefore, inhibiting these kinases may be of clinical benefit to patients.
Specifically, the activity of lenvatinib and sorafenib against RET may be of particular
importance in treating thyroid cancer, because RET has been observed in differentiated
thyroid cancers. Besides RET, BRAF is also a sorafenib target, suggesting that activating
mutations in these kinases may play a role in the pathogenesis of the disease. Both
lenvatinib and sorafenib have been studied in phase 11 trials comparing the multikinases
with placebo in patients with progressive, radioactive iodine—refractory, differentiated
thyroid cancer. Schlumberger and collaborators (2015) demonstrated an improvement in
progression-free survival in patients treated with lenvatinib, as compared with placebo (18.3
vs. 3.6 months). Similarly, Brose and colleagues (2013) also reported that sorafenib
extended progression-free survival by 86% (10.8 vs. 5.8 months for placebo).

Based on the above data, NDAs for both lenvatinib and sorafenib were submitted to
FDA. Lenvatinib and sorafenib were FDA-approved in February 2015 and in November
2013, respectively, for the same indication—treating radioactive iodine—refractory thyroid
cancer. Sorafenib is also approved by FDA for treating patients who have advanced renal
cell carcinoma or advanced hepatocellular carcinoma, and some off-label prescribing of
sorafenib for treating thyroid cancer took place before the approval for the thyroid
indication. Several third-party payers already had policies in place that consider lenvatinib
medically necessary for treating thyroid cancer. Coverage is anticipated to continue to
expand in the wake of the FDA approval. Based on a query of GoodRx, ninety 24 mg
capsules of lenvatinib cost approximately $14,300 (the daily oral dose is 24 mg).
Meanwhile, the retail cost for sorafenib at a dose of 400 mg twice daily is about $12,600 per
month. The use of multikinase inhibitors may significantly add to the cost of care for
patients with advanced, radioactive iodine—refractory thyroid cancers. The manufacturers
offer several financial assistance options through E.A.S.Y™ and REACH®, patient-
assistance programs for patients prescribed lenvatinib and sorafenib, respectively.

Key Expert Comments: Although they do not provide a complete cure, both lenvatinib and
sorafenib are capable of partially treating and stabilizing radioactive iodine-refractory
thyroid cancer, as demonstrated by clinical results, opined some experts commenting on
these interventions. Basing their opinions on improved progression-free survival data, most
of the experts considered lenvatinib and sorafenib to have potential to improve outcomes in
patients. A head-to-head comparison between the two drugs has not been performed, some
experts noted; such studies could help determine which agent would benefit patients more.
Most experts also noted that lenvatinib treatment increased incidence of adverse events,
which during the trial caused clinicians to lower patient doses or prematurely discontinue
treatment. The magnitude of the drugs’ impact is lessened by the relatively small number of
patients who would be eligible for the treatment and the oral administration route, which
reduces any potential impact on health care staffing or infrastructure.

High-Impact Potential: Lower end of the high-impact-potential range
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Breast Cancer Intervention



Palbociclib (Ibrance) for Treatment of Estrogen Receptor—Positive
Breast Cancer

Unmet need: The American Cancer Society estimates that in 2015, more than 234,000 cases of
invasive breast cancer will be diagnosed in the United States. In 75% of diagnosed breast cancers,
tumor cells express high levels of the estrogen receptor, which is called estrogen receptor—positive
(ER-positive) disease. Therapeutic alternatives for patients with ER-positive breast cancer are drugs
that inhibit ER signaling directly or inhibit the pathway responsible for synthesizing estradiol, the
ER ligand. To reduce the chance of drug resistance, oncologists suppress the estrogen-signaling
pathway by treating patients with alternating drug regimens. Despite taking such precautions and
observing a strong response to treatment, drug resistance still develops and a significant number of
patients with ER-positive breast cancer die of the disease.? A need exists for drugs targeting
elements downstream of the estrogen-signaling pathway with the potential to reduce the incidence
of drug resistance.

Cyclin-dependent kinases (CDKs) 4 and 6 and cyclin D are such downstream elements—they
are key proteins in the cell cycle required for initiating DNA synthesis.>* Like other types of cancer,
ER-positive breast cancer cells frequently have overactivated CDK 4 and 6 and overexpressed
cyclin D. Palbociclib reportedly targets and selectively inhibits CDKs 4 and 6 to block cell-cycle
progression and inhibit proliferation of tumor cells.>® Several phase 111 trials are testing palbociclib
in several ER-positive breast cancer treatment settings.®

Intervention: A hallmark of cancer is excessive cell growth caused by uncontrolled progression
through the cell cycle. This growth cycle is a stringently controlled process consisting of several
phases (G0, G1, S, G2, and M) during which a cell duplicates its DNA and divides into two
daughter cells.?® To prevent uncontrolled cell proliferation, cells have highly regulated checkpoints
that inhibit cell-cycle progression unless conditions for DNA replication and cell division are
favorable. Cell-cycle checkpoints are regulated by CDKs paired with cyclins, which drive
progression from G1 to S phase and G2 to M phase. A key regulator of the G1-to-S transition is the
tumor suppressor retinoblastoma (Rb). Rb’s main role involves binding to the transcription factor
E2F and preventing it from activating genes required for DNA replication.?3 Cyclin D interacts with
CDK4 and CDK®6, forming complexes responsible for initiating the transition from G1 to S phase
by phosphorylating Rb, which releases E2F and allows genes involved in DNA replication to be
transcribed.®” Therefore, agents targeting the activity of CDK4 and CDKG6 have the potential to
limit cell-cycle progression.

First-generation CDK inhibitors were nonselective, inhibiting CDK4 and CDKG6 as well as other
CDKSs. They required extended treatment sessions, which increased off-target side effects. In part
because of these shortcomings, only one CDK inhibitor, palbociclib, has been approved by the U.S.
Food and Drug Administration (FDA). Unlike its predecessors, palbociclib was developed to target
the CDK4- and CDKG6-cyclin D complexes, blocking the complexes’ kinase activity and preventing
Rb from becoming phosphorylated.’

ER-positive breast cancer cells may be particularly sensitive to CDK 4/6 inhibition.? In luminal
breast cells, progesterone and estrogen drive cell proliferation by binding to progesterone receptor
(PR) and ER respectively. In ER-positive breast cancer, the ER receives signals from estrogen that
promote tumor growth, even though PR may or may not be present. Endocrine therapy is the
standard treatment for nonresectable ER-positive breast cancer. It includes interventions that target
ER activity (e.g., tamoxifen, fulvestrant, toremifene) or aromatase inhibitors (e.g., exemestane,
anastrozole, letrozole) that target estrogen synthesis. Endocrine therapy has been shown to be an
effective treatment for ER-positive breast cancer, with manageable side effects; however, up to 50%



of patients with ER-positive breast cancer will develop endocrine-therapy resistance.®1° Studies
have shown cyclin D is crucial for estrogen-induced cell proliferation, which could explain why
amplification of the cyclin D gene occurs in 15% to 20% of breast cancers and why cyclin D
overexpression is associated with poor clinical outcomes.® Also, gene-expression profiles have
identified CDK6 overexpression to be associated with fulvestrant resistance in breast cancer cells.®
Inhibiting this step of the cell cycle by targeting CDKSs has the potential of decreasing ER-mediated
cell proliferation in breast cancer.

Because of its specificity, palbociclib is well tolerated in patients and can be combined with
endocrine therapy to increase treatment efficacy and decrease drug resistance. In clinical trials,
palbociclib is administered orally to patients at a dosage of 125 mg, daily, in 28-day cycles with 21
days on treatment followed by 7 days off.11-14

Clinical trials: Palbociclib is being tested primarily as first-line treatment of locoregionally
recurrent or metastatic ER-positive/human epidermal growth factor receptor 2—negative (HER2-
negative) breast cancer in combination with letrozole in postmenopausal women.'*!® Results from
the PALOMA-1 trial, a phase Il randomized, open-label, placebo-controlled trial of 165 patients,
were presented at the 2014 Association for Cancer Research Annual Meeting.'® Patients were
treated with palbociclib (125 mg daily, for 3 out of 4 weeks) and letrozole (continuous 2.5 mg daily)
or letrozole alone. PALOMA-1 met its primary endpoint of improving progression-free survival as
determined by investigator assessment (20.2 months with palbociclib plus letrozole vs. 10.2 months
with letrozole alone; hazard ratio [HR], 0.49; p<0.0004). In January 2015, the final analysis of
progression-free survival based on the cancer’s biomarker status was published in Lancet Oncology.
Cohort 1 enrolled patients who had ER-positive/HER2-negative biomarker status while cohort 2
included patients who also had cyclin D1 amplification and loss of p16. Progression-free survival
significantly improved in patients who received palbociclib plus letrozole (Cohort 1, 26.1 months
with palbociclib plus letrozole vs. 5.7 months with letrozole alone; HR, 0.299; p<0.0001; Cohort 2,
18.1 months with palbociclib plus letrozole vs. 11.1 months with letrozole alone; HR, 0.508;
p<0.0046).1" Also, analysis of 61 events demonstrated an overall survival in favor of palbociclib
plus letrozole (37.5 months with palbociclib plus letrozole vs. 33.3 months with letrozole alone;
HR, 0.81; p<0.2105).16

Palbociclib was relatively well tolerated by patients. In the PALOMA-1 trial, grade 3 or 4
adverse events occurred more often with the palbociclib plus letrozole combination than with
letrozole alone. The most common grade 3 or 4 adverse events included the following:’

e Neutropenia (54% in the combination-therapy group vs. 1% in the letrozole-alone group)
Leukopenia (19% vs. 0%)

Anemia (6% vs. 1%)

Diarrhea (4% vs. 1%)

Dyspnea (4% vs. 1%)

Fatigue (4% vs. 1%)

Nausea (2% vs. 1%)
Thrombocytopenia (2% vs. 0%)
Arthralgia (1% vs. 3%)

Back pain (1% vs. 1%)

Palbociclib is also being tested as second-line treatment in combination with fulvestrant, an ER
antagonist, in patients who have failed endocrine therapy (PALOMA-3) or in combination with
exemestane, a steroidal aromatase inhibitor, in patients whose disease has progressed after treatment
with nonsteroidal aromatase inhibitor (PEARL).131* At the 2015 American Society of Clinical
Oncology (ASCO) annual meeting, Turner and collaborators presented results from PALOMA-3, a



placebo-controlled, parallel-assignment phase 111 trial of 521 patients with advanced ER-
positive/HER2-negative breast cancer who were randomly assigned in a 2:1 ratio to receive
palbociclib (125 mg, daily orally for 3 weeks out of a 4-week cycle) plus fulvestrant (500 mg,
intramuscularly on days 1 and 15 of cycle 1, and then on day 1 of each subsequent 4-week cycle) or
placebo plus fulvestrant. The combination of palbociclib with fulvestrant improved progression-free
survival of patients, as compared with placebo plus fulvestrant (9.2 vs. 3.8 months; HR, 0.42;
p<0.001).18 In April 2015, the manufacturer announced the PALOMA-3 trial was stopped early
because an independent data monitoring committee confirmed a significant improvement in
progression-free survival in women who were treated with palbociclib plus fulvestrant.!® The most
common grade 3 or 4 palbociclib plus fulvestrant-related adverse events were very similar to those
manifested with palbociclib plus letrozole reported in PALOMA-1 and included the following:*8

e Neutropenia (62.0% with palbociclib plus fulvestrant vs. 0.6% with placebo plus fulvestrant)

e Leukopenia (25.2% vs. 0.6%)

e Anemia (2.6% vs. 1.7%)

e Thrombocytopenia (2.3% vs. 0%)

e Fatigue (2.0% vs. 1.2%)

e Febrile neutropenia (0.6% vs. 0.6%)

Also, palbociclib is being studied as an adjuvant in combination with endocrine therapy in
patients who are at risk of breast cancer recurrence after surgical resection (PENELOPE-B).*

Manufacturer and regulatory status: Pfizer, Inc. (New York, NY), is developing the dual
CDKA4/6 inhibitor palbociclib. In February 2015, basing its action on results from the phase II
PALOMA-1 trial and using its accelerated approval pathway, FDA approved palbociclib under its
breakthrough therapy designation and priority review programs for use in combination with
letrozole for treating advanced ER-positive/HER2-negative breast cancer in the first-line setting.*%

Diffusion and cost: A U.S.-based, online aggregator of prescription-drug prices, GoodRx, listed
costs as of May 2015 of about $10,200 for 21 capsules of palbociclib 125 mg.?! Eligible patients
who are uninsured or underinsured can receive free palbociclib for up to 12 months through Pfizer’s
RxPathways™ program.?? The U.S. Centers for Medicare & Medicaid Services has not issued a
national coverage determination for palbociclib. Thus, coverage decisions are left to the discretion
of local Medicare carriers. A search of 11 representative, private, third-party payers that publish
their coverage policies online (i.e., Aetna, Anthem, Blue Cross/Blue Shield Alabama, Blue
Cross/Blue Shield Massachusetts, CIGNA, HealthPartners, Humana, Medica, Regence, United
Healthcare, Wellmark) found a formulary and a policy that cover palbociclib for treating ER-
positive/HER2-negative breast cancer; like other orally administered anticancer drugs, it is
classified as a specialty pharmaceutical and requires prior authorization for coverage.?>?* Drugs
intended to treat patients in whom cancer has been diagnosed are typically covered for their FDA-
approved indications. Therefore, once policies for palbociclib are updated, additional third-party
payers will likely cover its use for treating ER-positive/HER2-negative breast cancers.

Clinical Pathway at Point of This Intervention

The majority of palbociclib studies are assessing the drug’s activity in patients undergoing
systemic treatment for locally advanced or metastatic breast cancer. Patients with locally advanced
or metastatic ER-positive breast cancer are typically treated with endocrine therapy using aromatase
inhibitors or antiestrogens and may undergo multiple rounds of endocrine therapy. Typically
patients are first treated with a nonsteroidal aromatase inhibitor (i.e., anastrozole, letrozole). Upon
disease progression, patients may be switched to another class of endocrine therapy, often a
steroidal aromatase inhibitor (e.g., exemestane) or an ER antagonist (e.g., fulvestrant, tamoxifen).
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More recently, studies have demonstrated improved outcomes with combination therapy using
exemestane and the mTOR inhibitor everolimus in patients whose disease has progressed after
nonsteroidal aromatase inhibitor treatment. Besides endocrine therapies, various cytotoxic
chemotherapy regimens may be prescribed; these regimens are typically reserved until patients have
tried several endocrine therapies.? Palbociclib is under study as a complementary or competing
intervention to these options in the following trials:
e The PALOMA-1 and PALOMA-2 trials are studying palbociclib in combination with the
aromatase inhibitor letrozole in first-line endocrine treatment
e The PALOMA-3 trial is studying palbociclib in combination with the ER antagonist
fulvestrant in patients who have received endocrine therapy
e The PEARL trial is studying palbociclib in combination with the steroidal aromatase
inhibitor exemestane in patients whose disease has become resistant to a nonsteroidal
aromatase inhibitor
Also, endocrine therapy may be used in the adjuvant setting to reduce the risk of breast cancer
recurrence in patients who have undergone surgical resection as treatment for localized breast
cancer.? In this setting, palbociclib is being studied in combination with standard endocrine therapy
in patients at high risk of breast cancer recurrence (PENELOPE-B trial).
Besides palbociclib, other CDK4/6 inhibitors (e.g., abemaciclib, ribociclib) are also under study
for treating breast cancer and could eventually compete with palbociclib.”

Figure 1. Overall high-impact potential: palbociclib (Ibrance) for treatment of advanced estrogen
receptor—positive breast cancer
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Most experts commenting on this intervention agree that patients with ER-positive breast cancer
survive long enough to develop recurrence and have limited second-line treatment options.
Therefore, they believe palbociclib has moderately high potential to improve outcomes for these
patients. However, a subset of experts thought palbociclib’s potential to address the unmet need is
small, basing their assessment on the lack of efficacy data thus far. The experts noted that broad
adoption of palbociclib could be facilitated by its oral formulation and fact that it targets a novel
cell-cycle checkpoint responsible for cancer development. Based on this input, our overall
assessment is that this intervention is in the moderate high-impact-potential range.

Results and Discussion of Comments

Six experts, with clinical, research, health technology, and health systems backgrounds, offered
perspectives on the topic of palbociclib for treating ER-positive breast cancer.?6-3! We have
organized the following discussion of expert comments according to the parameters on which they
commented.

Unmet need and health outcomes: An unmet need exists for novel agents targeting elements
downstream of the ER that can reduce the incidence of drug-resistant breast cancer, the experts
thought. But targeting the Rb pathway by inhibiting CDK4 and 6 might not be the best approach to



address the unmet need, one expert thought.3* Most experts believe palbociclib has the potential to
improve outcomes because it is being tested under various conditions, even if current clinical data
do not show significant improvement. Therefore, they thought, subsequent trials are required to
confirm results from early trials and demonstrate improvement in overall survival

Acceptance and adoption: Both physicians and patients would be likely to adopt palbociclib,
experts suggested, because of its oral route of administration and potential to increase progression-
free survival. Two experts thought results from the ongoing phase 11 trial did not successfully
demonstrate that benefits outweigh the increased incidence of adverse events.?®3! However, two
clinicians believe patients with progressive ER-positive breast cancer will choose to receive
treatment, despite side effects, in particular if it improves patient outcomes.?"%

Health care delivery infrastructure and patient management: Experts anticipated that as an
orally administered medication, palbociclib would not significantly shift health care staffing or
infrastructure. Also, patient management would not require significant changes; after an oncologist
prescribes palbociclib, the patient will continue daily treatments from home and would be
monitored frequently for side effects.

Health disparities: Palbociclib has small to moderate potential to affect health care costs,
experts anticipated. Although palbociclib was not FDA approved and had no specific cost
information at the time experts made their comments, they assumed it would be priced similarly to
other cancer drugs. However, with demonstrated efficacy and FDA approval, it would likely be
covered as a specialty drug requiring prior authorization, thought experts. Overall, palbociclib has
small potential to affect health disparities, opined experts. Two experts, in particular, believe
palbociclib will disseminate among patients with low socioeconomic status, because this group is
more likely to have access to oral medications such as palbociclib than intravenously administered
drugs.?5?” A caveat is that if palbociclib gains wider approval as a second-line treatment, many low-
income patients may n