
Kidney Cancer Journal  101

Introduction
During the last decade, 10 drugs have been approved by
the Food and Drug Administration (FDA) for the treat-
ment of metastatic renal cell carcinoma (mRCC). Many of
these treatments are oral tyrosine kinase inhibitors (TKI’s)
targeting the vascular endothelial growth factor (VEGF)
receptor. These TKI’s are known to cause a variety of side
effects including fatigue, hypertension, nausea, diarrhea,
weight loss, palmar-plantar erythrodysesthesia, rash, and
endocrine side effects. The exact timing and degree of side
effects are difficult to predict but can be serious in 50% or
more of cases. Given that these drugs are generally dosed
at near maximum tolerated doses in all patients (i.e. flat
dosing) and that the toxicities can be rapid onset in some
cases within days or weeks of starting therapy, prompt
recognition and management of toxicities are crucial to
ensure safe management that will still lead to clinical ef-
ficacy.1-3 Other targeted therapies used in the treatment of
mRCC include mammalian target of rapamycin (mTOR)
inhibitors and immune checkpoint inhibitors, both of
which can also have a wide variety of toxicities requiring
close monitoring. Current and future indications may in-
clude combinations of these agents that further enhance
their risks. Therefore, as new cancer therapies and indi-
cations for treatment are developed, it is imperative we
maximize the ability to monitor patients in real time to
assess rapid physiologic changes that could be harbingers
of more serious safety concerns. 

The mobile health (mHealth) industry is one of the

largest growing business sectors in the world.4 In recent
years, smart phone technology has advanced consider-
ably, and patients are able to use a variety of devices to
monitor health related parameters including physical ac-
tivity, diet, blood pressure, heart rate, weight, blood sugar
and many other important variables.4,5 Even prior to the
rise of mHealth, telemedicine has been shown to be an ef-
fective tool to help manage many chronic medical prob-
lems including diabetes, heart failure, COPD and mental
health.6-9 Although mHealth applications are being ex-
plored in cancer care,10,11 there are no published clinical
trials evaluating the use of mHealth technology in clini-
cal monitoring of patients with mRCC. 

Side effects are quite common with VEGF inhibitor
therapy. For instance a pooled analysis of clinical studies
of patients treated with the now FDA approved VEGF in-
hibitors sunitinib, sorafenib, pazopanib, axitinib, and be-
vacizumab, showed dose reductions in 13-52% of pa-
tients, dose interruptions 21-72% of patients, and dis-
continuations due to adverse events in 4-28% of patients.12

This is important as failure to maintain dose intensity
may lead to decrease in survival in patients with mRCC.13

Hypertension, a side effect of these drugs was found to
occur in 20-40% of patients. Gastrointestinal side effects
such as anorexia, nausea, vomiting, and diarrhea were
commonly reported in approximately 30-60% of patients
and fatigue was reported in 50-60% of cases.12 Physical
activity monitoring may be a valuable tool in assessing
functionality in cancer patients and also a potential tool
to encourage exercise, which may help combat symptoms
like fatigue.14 As a result, in a very small study, we sought
to investigate how mHealth technology could be used to
monitor important clinical parameters including blood
pressure, weight, and physical activity in patients initiat-
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ing VEGF targeted therapy for metastatic renal cell carci-
noma. 

Methods
Two patients starting oral VEGF receptor TKI therapy for
mRCC consented to enroll in a pilot clinical research trial.
Patients were provided a wireless blood pressure monitor
(iHealth Feel, iHealth Labs Inc.), a wireless weight scale
(Smart body analyzer, Withings Inc.) and a physical ac-
tivity tracker (UP24, Jawbone Co.). Patients were advised
to use these monitors on a daily basis for ninety days at
the beginning of starting therapy. Patients were taught
how to transmit health data from these monitors to the
Health App (Apple Inc.) on his or her smart phone. At our
academic institution, patients can use the Duke MyChart
App (patient portal) to send health data stored from the
Health App directly into the electronic medical record
called Maestro Care (Epic Systems, Co.). This data flow is
shown in Figure 1. English speaking patients with home
wireless internet access and an Apple mobile smartphone
with the Health App (Apple Inc.) already installed were
eligible to participate. The objectives were to demonstrate
feasibility of data collection for this novel method of re-
motely monitoring mHealth data and also to compare

electronically obtained mHealth data to information col-
lected at interval clinic visits. 

Results
CASE 1
An 81-year-old female with a past medical history notable
for hypertension, was diagnosed with metastatic renal cell
carcinoma with metastases to the right lower lobe of the
lung with associated large pleural effusion. At diagnosis,
she underwent a right radical cytoreductive nephrectomy
with pathology showing grade IV clear cell renal cell car-
cinoma. The patient started pazopanib 800 mg daily post-
nephrectomy, and developed worsening treatment-re-
lated hypertension in the subsequent weeks. Five weeks
after initiating pazopanib, she awoke from sleep with
acute onset of shortness of breath and presented to the
emergency department where her ejection fraction was
35%, her cardiac enzymes were negative, and her B-type
natriuretic peptide (BNP) was elevated. She was admitted
to the hospital, and initiated on heart failure therapy for
what was presumed to be pazopanib induced cardiomy-
opathy. With aggressive medical management including
diuretics, and antihypertensive therapy, her ejection frac-
tion normalized and she had a repeat echocardiogram

Figure 1. Patients enrolled in the study were given a wireless activity tracker, weight monitor, and blood pressure 
monitor. Data from these devices were transferred to the Health App on each patient’s mobile phone. Through the 
Duke MyChart App (patient health portal), each patient was able to transfer data from his or her Health App 
automatically to the electronic medical record (bottom right, Epic Systems Co.).
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showing EF of 59%. The patient had a very nice response
to pazopanib with a resolved pleural effusion and de-
creased size of her right lower lobe pleural effusion, but
was switched to everolimus due to cardiotoxicity from pa-
zopanib. The patient progressed on everolimus, and for
third line systemic therapy, she was started on axitinib
(another VEGF receptor-TKI) at a low dose of 3 mg twice
daily. Of clinical concern was that the patient could be at
high risk for repeat cardiotoxicity when starting axitinib
therapy and needed close monitoring of her cardiovas-
cular status including blood pressure. 

Prior to starting on axitinib the patient was enrolled in
our clinical study, and we initiated daily home blood pres-
sure, weight, and activity monitoring with mHealth tech-

nology. To minimize her risk of cardiotoxicity, we aimed
to keep her blood pressure less than 140/90. Figure 2A
shows her blood pressure at four interval clinic visits dur-
ing the first 90 days compared to the data from home
blood pressure monitoring. In this particular case, home
blood pressure monitoring detected blood pressure rises
above SBP > 140 more quickly than monitoring only dur-
ing clinic visits. Anti-hypertensive medications were up-
titrated at the first interval clinic visit, which was approx-
imately 2 weeks after the initiation of axitinib therapy.
Significant weight loss was detected sooner with mHealth
monitoring compared to interval clinic visits. Also of in-
terest, her performance status was measured at KPS 90
and ECOG of 1 during each clinic visit during the 90-day

Figure 2.  Blood pressure, weight, and steps/day changes for patient 1 (A) and patient 2 (B) for 90 consecutive days. 
X axis shows days on treatment. Home (remote monitoring) versus clinic readings are shown. For patient 1, axitinib was 
initiated on day 6. For patient 2, pazopanib was initiated on day 1. SBP = Systolic blood pressure. DBP = Diastolic 
blood pressure.
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interval. Her steps/day are shown during this same time
period. The patient had re-staging scans three months
into treatment with axitinib, which had shown stable dis-
ease at the time. 

CASE 2
A 70-year-old gentleman with a history of hypertension,
sleep apnea, diabetes, and obesity presented with pain-
less gross hematuria. The patient’s imaging at presenta-
tion showed a left lower pole renal mass, enlarged peri-
aortic and retroperitoneal lymph nodes, and bilateral pul-
monary nodules. The patient underwent a cytoreductive
nephrectomy, and pathology was consistent with clear
cell RCC. The patient also had an endo-bronchial metas-
tasis blocking 90% of the right main-stem bronchus and
partially obstructing the left main-stem bronchus requir-
ing a laser tumor ablation. Subsequent to this ablation,
he was started on pazopanib post operatively. 

Prior to starting on pazopanib he was
enrolled onto our clinical study. Mobile
health technology was used to monitor
the patient’s blood pressure, physical ac-
tivity, and weight changes after initiat-
ing treatment (Figure 2B). Due to this
patient’s cardiovascular co-mor- bidities,
blood pressure monitoring was impor-
tant. Blood pressure readings at home
and during 5 interval clinic visits are
shown. Weight changes are picked up
earlier through home monitoring as
shown. The patient’s performance status
was assessed as ECOG 1 during each clin-
ic visit, KPS was not assessed. Steps per
day are shown as well. Unfortunately,
this patient had progressive disease after his first re-stag-
ing CT scan 3 months after initiating pazopanib therapy.
Subsequently, he was taken off of pazopanib and started
on everolimus, which was the standard second line ther-
apy at the time. 

Discussion
The concept of home health monitoring is not new 
as telehealth applications have been well established in
the care of chronic diseases such as hypertension, dia-
betes and COPD.6-9 However, as commercially available
mHealth technology continues to become more sophis-
ticated, medical professionals are slow to incorporate and
validate the usefulness of new methods of home moni-
toring.4,5 Providing an efficient, secure method to trans-
mit mHealth data from patients to providers is necessary.
One major limitation to the use of mHealth in clinical
care is the lack of methods to incorporate mHealth data
easily into our health information systems.15 In this ini-
tial pilot study, we are able to demonstrate the feasibility
of successfully transferring mHealth blood pressure,
weight, and physical activity data by two patients elec-
tronically into the medical record easily available for re-
view by the investigators. It should also be noted that

both patients were fairly compliant with mHealth moni-
toring. No formal reminders were provided to patients to
continue using their devices. The fact that the data from
the devices flows directly into the electronic medical
record is important to note as it allows a mechanism for
health providers and nurses to monitor this data. Fur-
thermore, the technology used in this study involves an
electronic platform by Epic Systems Co., which is an elec-
tronic medical record system used widely, and as a result
may have generalizability for larger scale use. Having an
efficient mechanism for patients to share data is an es-
sential first step to being able to validate and incorporate
mHealth into clinical care. 

We believe there is a role to expand the use of
mHealth applications on a larger scale as well. Detecting,
and intervening on real-time clinical changes based on
mHealth monitoring may have potential to help improve
treatment efficacy, prevent hospitalizations, prevent hos-

pital resource utilization, and improve
survival in patients with renal cell carci-
noma. In the case studies presented, pa-
tients had metastatic renal cell carci-
noma and were treated with VEGF re-
ceptor TKIs, a class of oral medications
that have different dosing levels and a
wide variety of common side effects.1-3 De-
tection and management of these side ef-
fects quickly is essential, given that
maintaining dose intensity of VEGF re-
ceptor TKIs improves patient survival.13

Blood pressure increases are thought to
be a direct on-target side effect of in-
hibiting the VEGF receptor. Recognizing
and treating hypertension may be im-

portant to prevent morbidity such as heart failure, PRESS
syndrome, and cardiovascular events in patients. For in-
stance, in CASE 1, blood pressure increases were detected
through mHealth monitoring even prior to the first in-
terval clinic visit, which may have provided an earlier op-
portunity for clinical intervention in this case. Previous
studies have shown that home BP monitoring in patients
receiving VEGF receptor TKIs is important to detect as oc-
cult rises in blood pressure can be missed by measuring
only at clinic visits.16 Weight loss in patients with cancer
is common, especially in patients being treated with med-
ications that cause gastrointestinal side effects. In both
cases presented, weight loss was more evident even dur-
ing the first few weeks of therapy through home moni-
toring. This may serve as a way to detect potential gastro-
intestinal intolerability as well as design symptom man-
agement to combat weight loss sooner. It should be noted
that with respect to home monitoring of weight and
blood pressure, measurements between home and clinic
monitoring were fairly similar from an accuracy stand-
point (Figure 2); although some health monitoring de-
vices such as the blood pressure cuff used in this study
are FDA approved, many are not. While much still needs
to be done in terms of validating the accuracy of particu-

“In an era where newer treatments
for renal cancer including targeted
agents, immunotherapies, and
combination approaches continue
to expand rapidly, we believe 
this feasibility study is an impor-
tant first step in a continuum of 
research to eventually design
larger interventional trials, which
will validate and better define 
how mHealth can help improve
clinical outcomes in this patient
population.”
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lar health monitors, the precision and benefits of real
time monitoring in the cases presented here appears to
give valuable clinical information. 

Both patients in this case study presented were shown
to have a robust performance status of ECOG of 1. This
generally indicates patients who are fairly active with nor-
mal activity and minimal symptoms. Both patients con-
sistently took less than 5000 steps/day, which is often
considered to be sedentary behavior.17 Home monitoring
of physical activity could provide a better assessment of
performance status. Furthermore, being able to detect real
time changes in activity patterns may provide a more ob-
jective manner to quantify changes especially when it
comes to subjective clinical assessments such as fatigue,
functionality, and quality of life. 

Finally, it is worth mentioning that two recent studies
in cancer patients also emphasize the importance of
prompt symptom detection in patients with cancer. A
phase III clinical trial (NCT02361099) in 121 patients
with metastatic lung cancer showed how a web applica-
tion based surveillance approach to capture symptoms
improved patient survival compared to standard of care
interval clinic based symptom monitoring (19 months
vs. 11.8 months).11 Just recently, another clinical trial
(NCT00578006) showed how using a web-based symp-
tom monitoring patient reported outcomes (PROs) tool,
which automatically alerted health care providers to se-
vere or worsening patient symptoms, improved survival
compared to usual care in outpatient cancer patients re-
ceiving chemotherapy (31.2 vs 26.0 months).18

Conclusions
It is important to acknowledge that there are many hur-
dles to consider in regards to expanding mHealth appli-
cations in cancer care. These include the potential for
breach of privacy of patient health information, valida-
tion of the accuracy of mHealth sensor technology,
health care cost and reimbursement, as well as the issue
of determining how to triage clinical responses to real
time monitoring of health information. Our current re-
port shows how mHealth can be used to remotely moni-
tor clinical parameters such as blood pressure, weight,
and physical activity, which are important for patients
with mRCC treated with VEGF inhibitors. In an era where
newer treatments for renal cancer including targeted
agents, immunotherapies, and combination approaches
continue to expand rapidly, we believe this feasibility
study is an important first step in a continuum of research
to eventually design larger interventional trials, which
will validate and better define how mHealth can help im-
prove clinical outcomes in this patient population. 

Legend
BP - Blood pressure
FDA - Food and Drug Administration
mRCC - metastatic renal cell carcinoma
VEGF - vascular endothelial growth factor
TKI’s - tyrosine kinase inhibitors

mTOR - mammalian target of rapamycin
App - Application
BNP - B-type natriuretic peptide 
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