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Abstract

Purpose Currently, there is no approved therapy for cancer cachexia. According to European and American regulatory agencies,
physical function improvements would be approvable co-primary endpoints of new anti-cachexia medications. As physical
functioning is in part dependent on cardiac functioning, we aimed to explore the cardiac status of a group of patients meeting
current criteria for inclusion in cachexia clinical trials.

Methods Seventy treatment-naive patients with metastatic NSCLC [36 (51.4%) male; 96% ECOG 0-1; eligible for carboplatin-
based therapy and meeting eligibility criteria for cachexia clinical trials] were recruited before the start of first-line carboplatin-
based chemotherapy. Patients were evaluated by echocardiography, electrocardiography, and scales for fatigue and dyspnea.
Computed tomography cross-sectional images were utilized for body composition analysis.

Results In 9/70 patients (12.8%), echocardiography allowed discovery of clinically relevant cardiac disorders [seven patients
with left ventricular ejection fraction (LVEF) 32%—47%; one patient with severe right ventricular dilation and severe pulmonary
hypertension and one patient with severe pericardial effusion warranted hospitalization and drainage]. Another 10/70 (14.3%)
patients had diastolic dysfunction with preserved LVEF. The cardiac conditions were associated with aggravated fatigue
(p <0.05), dyspnea (p <0.05), and anemia (p =0.06). Five out of seven patients with LVEF < 50% were sarcopenic and one
was borderline sarcopenic.

Conclusion Baseline cardiac status of the metastatic NSCLC patients adds potential heterogeneity for anti-cachexia clinical trials.
Detailed cardiac screening data might be useful for inclusion/exclusion criteria, randomization, and post hoc analysis.

Keywords Cardiac status - NSCLC - Cachexia - Clinical trials

Introduction patients with non-small carcinoma (NSCLC) showed higher

rate of unexpected hospital visits or hospitalizations, higher

Cancer cachexia contributes to poor prognosis, worsening of
performance status, impaired quality of life, increased rate of
chemotherapy toxicity, post-surgery complications (e.g., in-
fection), and increased length of hospital stay [1]. Cachectic
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hospitalization-related medical expenses, and physical func-
tional decline compared to non-cachectic patients [2, 3].
Cancer cachexia is an unmet clinical need; an approved
therapeutic product does not currently exist. Several recent
phase III clinical trials of cachexia therapy (Table 1) include
the POWER trials, ROMANA trials, and MENAC trial. These
trials focus on NSCLC and consider physical functioning as
endpoints and interventions. In the POWER studies, a co-
primary efficacy endpoint was physical function, tested by
stair climb power [4]. In the ROMANA studies, a co- primary
efficacy endpoint was handgrip strength [S]. The MENAC
study (currently accruing patients) has several secondary func-
tional endpoints including actigraphy, 6-min walk, and hand
grip strength. Home-based self-assisted aerobic and resistance
exercise program is the interventional exercise for MENAC
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study. There has been little agreement on approaches/endpoints
in anti-cachexia clinical trials [6]. The clinical benefits of pro-
posed therapies for cancer cachexia are controversial [6].
According to the European and American regulatory agencies,
one of the major expected clinical benefits is described as im-
provement of physical function tests (stair climbing test, hand-
grip as co-primary endpoint) [6, 7]. In the MENAC study, ex-
ercise is both an intervention and an endpoint. Although phys-
ical function improvement is in clear focus as an endpoint
reflecting clinical benefit to the patient, one of the major sources
of physical function fluctuations (cardiac function) has not been
thoroughly considered. Most cachexia clinical trials include
patients who are candidates for standard chemotherapy, and
therefore have acceptable performance status [usually Eastern
Cooperative Oncology Group (ECOG) score 0—1]. Specific
indicators of intact cardiovascular function are not part of ca-
chexia trial inclusion criteria; however, patients with a prior
history of severe heart failure are excluded (Table 1).
Considering locally advanced or metastatic non-small cell car-
cinoma (NSCLC), a patient population which is currently a
focus for cachexia clinical trials, ischemic heart disease, cardiac
dysrhythmia, and heart failure is relatively common comorbid-
ities [8]. Therefore, the presence of overt and non-overt cardiac
disorders in NSCLC patients is to be expected. We hypothe-
sized that cardiac screening of metastatic NSCLC patients who
are potentially eligible candidates for cachexia clinical trials
might reveal cardiac abnormalities.

Material and methods
Patient population/eligibility and exclusion criteria

This study was approved by the Health Research Ethics Board
of Alberta. From October 2013 till May 2016, 91 patients
were referred by medical oncologists and were approached
for consent form (Fig. 1). Patients had metastatic NSCLC
and were eligible for first-line carboplatin-based therapy. In
addition to the general eligibility of carboplatin-based therapy
(ECOG <£2), we excluded the patients who had any other

Fig. 1 Patient inclusion

active malignancy, except for adequately treated carcinoma
in situ, basal cell carcinoma and squamous cell carcinoma of
the skin, as well as curative malignancy with no recurrence for
more than 5 years. Consistent with exclusion criteria of ca-
chexia clinical trials, patients with known dilated, hypertro-
phic, or diabetic cardiomyopathy, within 3 months having
acute coronary syndrome [including unstable angina or myo-
cardial infarction (MI)], ischemic or hemorrhagic cerebrovas-
cular disease, or peripheral vascular disease requiring revas-
cularization, or coronary artery bypass graft or percutaneous
coronary angioplasty and baseline blood pressure > 180/
110 mmHg were excluded. Patients with either uncontrolled
hypertension or uncontrolled diabetes mellitus were not in-
cluded. Full cardiac evaluation [echocardiography and elec-
trocardiography (ECG)] were performed for 70 patients
(Fig. 1 and Table 2). Previous history of weight loss at base-
line (> 5% in recent 6 months) or low BMI was not a require-
ment for inclusion in our cohort, in concordance with recent
clinical trials (Table 1). These features are not considered
mandatory at baseline, as cancer cachexia clinical trials are
conducted in tumor groups with a uniformly high risk of
weight loss both before and after diagnosis, including
NSCLC.

Electrocardiography and echocardiography

Echocardiography was performed using an Epig® scanner
(Philips Medical systems, Bothell, WA, USA) according the
2015 ASE/EACVI Recommendations for Chamber
Quantification and 2016 Recommendations for Evaluation
of Diastolic Function by Echocardiography [9]. LVEF was
calculated using the biplane Simpson method. Global longitu-
dinal strain (GLS) measurements were made in the three stan-
dard apical views. Average GLS from the three views was
reported. LV diastolic function was graded normal, mild
(grade 1), moderate (grade 2), and severe (grade 3) depending
on the measurements of pulsed wave Doppler of mitral inflow,
tissue Doppler of mitral annulus movement, left atrium vol-
ume measurement, and CW-Doppler of the tricuspid regurgi-
tation if present [9].

91 patients referred by medical oncologists
19 patients declined our request [11 (57.9%) males,

67.8+4.8 y/o; p=0.16 compared to 72 included patients]

72 patients consented

2 patients with partial measurements, declined systemic therapy after consenting

70 patients included
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Table 2 Patients’ characteristics,

70 metastatic NSCLC patient Demographic data Age (year) 65.7+8.5
candidates for carboplatin-based Caucasian n (%) 68 (97.1)
palliative therapy Tumor histology Adenocarcinoma 48 (68.6)
Squamous cell carcinoma 17 (24.3)
Others 5(7.1)
Cardiovascular risk Hypertension n (%) 28 (40.0)
factors/background Diabetes mellitus 7 (%) 10 (14.3)
Smoking n (%) 56 (80)
Myocardial infarction n (%) 6 (8.6)
Biochemical parameters White blood cell (x 10°/L) 92+44
Hemoglobin (g/L) 129.7+15.4
Anemia® 32 (45.7)
Platelet (g/L) 341.1+117.4
Creatinine (umol/L) 75.2+259
Na (mmol/L) 139.9+3.2
K (mmol/L) 4.6+048
Aspartate aminotransferase (U/L) 29.6+18.1
C-reactive protein > 10 (mg/L) 37 (52.9)
Drug history within 1 month before Angiotensin-converting-enzyme inhibitor n (%) 11 (15.7)
start of chemotherapy Angiotensin receptor blocker n (%) 9 (12.8)
Beta-blocker n (%) 14 (20)
Statins n (%) 15(21.4)
Performance/functional status ECOG (0-1) 67 (95.7)
MRC (1-2) 61 (87.1)
FACIT-F 33.0+11.9
Echocardiography findings Left ventricular ejection fraction (%) 585+7.5
Left ventricular ejection fraction < 50% n (%) 7 (10)
Global longitudinal strain (%) 184+3.1
Global longitudinal strain < 18% n (%) 25 (35.7)
Left ventricular mass/body surface area (g/m?) 86.4+229
Abnormal diastolic dysfunctionb 18 (25.7)
Pericardial effusion 18 (25.7)
Electro-cardiography findings Rate (beats/min) 78.7+15.2
QRSD > 120 ms n (%) 7 (10)
Abnormal QTc® n (%) 28 (40)
PR >200 ms n (%) 9 (12.9)
Anthropometric/body composition History of > 5% weight loss 34 (48.6%)
Body mass index (kg/m?) 263+£5.6
BMI <20 kg/m’ 4(5.7)
Body mass index > 32 kg/m? 10 (14.3)
CT-defined skeletal muscle area/height2 (cm*/m?) 46.2+10.9
CT-defined muscle attenuation (HU) 29.3+9.0
CT-defined total adipose tissue area/height® 104.6 +63.5
(em*/m?)
Sarcopenia n (%) 38 (54.2)

CTcomputed tomography, ECOG Eastern Cooperative Oncology Group, FACIT-F The Functional Assessment of
Chronic Illness Therapy-Fatigue scale [score], MRC medical research council

* Anemia defined as hemoglobin < 135 g/L for males and < 120 g/L for females before start of chemotherapy
®Grade 1, 2, or 3

¢ QTc > 440 ms in men or > 460 ms in women

@ Springer
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Routine 12 lead ECG was performed and major parameters
including heart rate, PR, QRS duration (QRSD), and QT
corrected (QTc) were abstracted.

Performance status, shortness of breath, and fatigue

Performance status was assessed by using ECOG [10].
Functional Assessment of Chronic Illness Therapy-Fatigue
(FACIT-F) scale was used for assessment of fatigue [11].
Medical Research Council (MRC) Breathlessness Scale [12]
was applied for evaluation of dyspnea.

Clinical assessment of patients

Past medical history and drug history (within 1 month before
referral to our study) were abstracted through medical charts.

Body composition analysis

Baseline computed tomography (CT) cross-sectional images
at the third lumbar vertebrac were used to assess body com-
position. This method has been validated in several previous
publications in cancer patients [1].

Statistical analysis

We used SPSS software version 24 (Chicago, IL, USA) for data
analysis. Kolomogorov-Smirnov test was considered to assess
the normality of the variables. ¢ test and Chi-square tests were
applied for comparison of quantitative and categorical variables,
respectively. A p <0.05 was considered statistically significant.
Opverall survival was defined as the number of days from the first
day of carboplatin-based therapy until death. Patients were mon-
itored until the actual date of death or March 1st 2017.

Results
Overall features of the population

Demographic, biochemical, medical, and cachexia-related
features are shown in Table 2. The mean age of our patients
was 65.1+8.0 years old [N=70, 36 (51.4%) males, 68
(97.1%) were Caucasian; 67/70 (95.7%) were within ECOG
0—1]. The mean FACIT-F fatigue score was 33.0 £ 11.9 for all
the patients [score 52 is the highest (i.e., normal) score].
Twenty-eight/70 patients (40.0%) had a history of hyperten-
sion and 17 (24.3%) were diabetic. Eighty percent of our
patients were smokers and 6/70 (8.6%) patients had a history
of MI event (remote, not within 3 months of referral. Body
mass index (BMI) was 26.3 £5.6 kg/mz; sarcopenia (i.e., skel-
etal muscle depletion based on previously described cut-offs)
[13] was found in 54% of patients.

Echocardiography and ECG findings

The average of echocardiography-defined LVEF was 56.7%
+7.5%. Overall, seven (10%) of our patients had LVEF <
50% (32—47%). Twenty-five patients (35.7%) had abnormal
GLS (i.e., less than 18%) (Table 2). ECG-defined QRSD and
QTc abnormalities were found in 10% and 40% of patients,
respectively; 25.7% of patients had abnormal diastolic dys-
function (Table 2).

Abnormal cardiac findings

Based on the cardiac evaluations, we categorized patients into
three groups (Table 3): (1) critical cardiac findings: patients
with classic finding of systolic heart failure (LVEF < 50%) or
any cardiac finding that warrants admission or major interven-
tions; (2) patients with any degree of diastolic dysfunction [9]
with preserved LVEF (> 50%) (DDPEF); and (3) patients with
no major cardiac finding.

Critical cardiac findings are presented in Table 4. Clinically
relevant cardiac disorders were discovered in 9/70 (12.9%)
patients (and were previously unknown in 8 out of 9 patients)
(Table 3). Patient #53 was the only one with a recent cardiac
history (ischemic cardiomyopathy/heart failure in recent year).
None of the other patients in this group had a current medical
history of heart failure. Severe cardiac dysfunction of patient
study# 17 resulted in treatment plan cancelation and initiation
of maintenance therapy. However, the treating oncologist ini-
tiated the treatment plan in all other patients. Seven patients in
this group had classic findings of systolic dysfunction likely
due to pre-existing ischemic pathology (all had regional wall
motion abnormality-wall motion index > 1). Two other critical
findings were reported. Patient #66 was discovered to have
massive pericardial effusion at echocardiography and was
very close to having cardiac tamponade. Patient was admitted
immediately after echocardiography and pericardiocentesis
took place and patient discharged symptom-free. For patient
#29, severe right ventricular dilatation and severe pulmonary
artery hypertension were discovered in echocardiography.

Ten (14.3%) patients found to have different degrees of
DDPEF. One of these had a history of MI 16 years previously
(#43) and another had an echocardiography-defined evidence
of DDPEF 2 years previously. Characteristics of patients with
DDPEF are shown in Table 5. Among patients with DDPEF,
three had sarcopenic obesity (patients #4, #13, #73) (Table 4).
Patients with DDPEF found to be more fatigued compared to
patients without major cardiac findings (p <0.01) (Table 3).

Even though our patients had passed the cardiac-related
exclusions for receiving carboplatin-based chemotherapy as
well as additional cardiac-related exclusions (Table 1), our
study assessments revealed numerous cardiac abnormalities
which had not previously been diagnosed. No comorbidities
consistently associated with the presence of cardiac

@ Springer
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Table 3 Subgroups based on cardiac findings
No major cardiac Critical cardiac Diastolic dysfunction with All patients with abnormal
finding (n=51) findings (n=9) preserved ejection fraction cardiac findings (critical
(DDPEF) (n=10) findings or DDPEF (1= 19)*
Age (year) 64.1+7.9 68.3+8.6N 6737108 67.7+7.6N°
Male n (%) 24 (47.1) 7(77.8) NS 6 (60.0) NS 13 (68.4) NS
ECOG (0-1) n (%) 58 (95.1) 9 (100) N 10 (100) NS 19 (100) NS
Dyspnea-MRC score 17+0.5 2.4+0.5%* 18+06 NS 2.1+0.6%
Fatigue-FACIT 348+11.6 30.2+12.6 26.1+10.4% 28.0+ 11.4%
Sarcopenia n (%) 28 (54.9) 6 (66.7)NS 4 (40) NS 10 (52.6)NS
History of > 5% weight loss 7 (%) 23 (45.1) 4 (44.4)NS 7 (70) NS 34 (48.6) NS
Body mass index (kg/m?) 262+5.8 249+36N 27.6+6.1 N8 2642.1+£51 N
BMI <20 kg/m? 3(5.8) 0N 1 (10)Ns 1(52)N8
CRP > 10 mg/L 24 (47.1) 6 (66.7) NS 7 (70) NS 13 (68.4) NS
History of > 5% weight loss AND 12 (23.5) 4(44.4) NS 6 (60) NS 10 (52.6)*
CRP > 10 kg/m?
BMI > 32 kg/m? 9 (17.6) 0N 1(10) NS 1(52)N8
Anemia 19 (37.2) 6 (66.7)NS 7 (70y* 13 (68.4) NS
Hypertension 7 (%) 19 (37.2) 4 (444N 5(50) NS 9 (47.4 NS
Diabetes mellitus 7 (%) 7(13.7) 2222) N8 1 (10)NS 3(15.8)NS
Median overall survival (days) 221 159 NS 238 NS 207N

In the patients with critical cardiovascular findings (Table 2), among the first seven patients with impaired LVEF and symptoms of classic heart failure,
five patients were sarcopenic, and one patients was borderline sarcopenic (SMI = 54 cm? /m? , z score = 0.2). Only one patient had non-depleted skeletal

muscle index

ECOG Eastern Cooperative Oncology Group, FACIT-F The Functional Assessment of Chronic Illness Therapy-Fatigue scale [score], MRC medical

research council

#Values in this column are compared to the column related to patients with non major cardiac findings

#p=0.06, *p < 0.05, **p <0.01

abnormalities. Regarding obesity, no patients with critical car-
diac finding and only one patient within DDPEF had BMI >
32 kg/m?. Patients with cardiac abnormalities were also not
more likely to have a history of diabetes mellitus or hyperten-
sion, than those without cardiac abnormalities (Table 3).
Some manifestations of cachexia and symptoms associated
with the presence of cardiac abnormalities. Baseline CRP >
10 mg/L or sarcopenia at baseline were not significantly associ-
ated with cardiac abnormalities. However, patients with concur-
rent history of > 5% weight loss and increased CRP were more
likely to display cardiac abnormalities (Table 3). Patients with
critical cardiac findings had more dyspnea (p < 0.01) and patients
with DDPEF had more fatigue (p < 0.05) compared to patients
without major cardiac findings (Table 3). Also, anemia was more
prevalent in patients with cardiac abnormalities (Table 3).

Discussion

We focused our analysis on sample of NSLC patients in first-
line therapy who conformed to criteria of eligibility for recent
randomized phase III clinical trials of cancer cachexia therapy.
A detailed evaluation of the cardiac function of this clinical

@ Springer

trial—eligible population reveals a disturbingly heterogeneous
cardiac profile and symptom burden (fatigue, dyspnea, ane-
mia, sarcopenia) that would plausibly have significant impact
on the ability of these patients to perform physical functions as
trial endpoints or interventions. The presence of heart failure
or impaired diastolic function was often concurrent with se-
vere dyspnea, fatigue, sarcopenia, and/or anemia, all of which
are individually associated with functional limitation.

Our patients conformed to the cardiovascular inclusion/
exclusion criteria of cachexia clinical trials (Table 1). When
these criteria are applied to our NSCLC population, individ-
uals with critical cardiac findings, as well as those with
DDPEF would be eligible to be participants in the clinical
trials. Only 1/70 patients (1.4%) had a known current diagno-
sis of heart failure based on medical history (Table 1); how-
ever, echocardiographic examination revealed a 13% rate of
heart failure/critical cardiac conditions and 14.3% of the sam-
ple had DDPEF. Several major phase I clinical trials focused
on NSCLC patients due to high prevalence and progressive
nature of cachexia in this group of patients. In three major
regulatory agency-authorized clinical trials (Table 1), a cardiac
history was taken but cardiac assessment was not included
(Table 1). The cardiac-related inclusion and exclusion criteria
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typical of recent trials were not specific enough to have been
able to identify the kinds of patients we saw with notable
cardiac impairment (i.e., exclusion in the POWER studies of
“concurrent illness based on investigator judgement” or ex-
clusion in the MENAC study of “NYHA class III or IV car-
diac dysfunction”) (Table 1). On the other hand, a general
exclusion of “[any] history of MI or cardiac intervention”
(MENAC) (Table 1) may exclude several patients for whom
these events were far in the past, and without a clear implica-
tion for trial participation. As we saw in our study, four out of
six patients with a prior history of myocardial infarction were
within the normal cardiac function group.

It was not our intention to conduct functional measures such
as stair climbing test or hand grip on our patients, but we spec-
ulate that their cardiac function would influence their ability to
perform functional tests of different types. Classic heart failure
[14] as well as DDPEF [15] both associate with depletion of
skeletal muscle mass and strength and also functional parame-
ters such as 6-min walk test. In cardiology, heart failure is de-
fined as an insufficient heart to response to demands of the
tissue (mainly skeletal muscle), which contributes to fatigue
and dyspnea. Accordingly, reduced capacity for aerobic exer-
cise is the hall mark of heart failure [16]. Therefore, we specu-
late that cardiac disorders may pose a limitation to the physical
functioning in NSCLC patients at risk for cachexia.

Exercise performance capacity as evaluated by peak oxygen
consumption (peak VO,) was reduced in colorectal cancer pa-
tients with skeletal muscle depletion compared to control sub-
jects and this maladaptation of the heart was independent of
chemotherapy [17]. Furthermore, some of the cancers such as
lung cancer share similar risk factors with atherosclerotic cardio-
vascular diseases, i.e., aging, smoking, and hyper-inflammatory
status. Existence of prolonged chronic obstructive pulmonary
diseases in lung cancer patients could generate backward pres-
sure on the right side of the heart. Possibly, the heart also can be
functionally and structurally damaged in patients with cancer as
cardiac muscle appears vulnerable to the same catabolic cas-
cades as skeletal muscle and adipose tissue [8, 18].

Our findings may be important for trials in advanced NSCLC
patients for the indication of cachexia, and fatigue, as well as
investigations in which exercise is the intervention (e.g.,
NCT01581346, NCT01136083). Cancer fatigue is a multi-
factorial syndrome that thought to encompass several etiologies
including inflammation, anemia, treatment side effects, psycho-
logic burden, and muscle loss [19]. New therapies for cancer
fatigue are under investigation (e.g., NCT00866970,
NCT00040885, NCT00829322) [20]. Both fatigue and cancer
cachexia are outcomes of similar pathophysiologic pathways,
mainly activated immune response as a consequence of tumor
presence [21]. Patients with advanced NSCLC suffer from pro-
gressive aggravation of symptoms such as fatigue and dyspnea,
and these are among the most prevalent symptoms in this group
of vulnerable patients [22, 23]. Dyspnea in lung cancer patients

might be a consequence of tumor, treatments, comorbidities such
as chronic obstructive pulmonary disease, cardiovascular dis-
eases, or progressive cachexia [24]. Anemia is a prevalent find-
ing in both cancer and heart failure settings; in our study, anemia
was prevalent in patients with cardiac abnormalities; anemia
prevalence is high in either systolic or diastolic heart failure
and is associated with reduced hand grip [25].

Our findings suggest an additional level of complexity to
be considered in patient populations at risk for cachexia.
Physical functioning in various forms is proposed both an
intervention and an endpoint in cachexia investigations, and
it would seem prudent to evaluate each patient’s cardiac func-
tion, as relevant to the specific exercise interventions and end-
points. Echocardiography may be the most convenient and
cost-effective way to make the determination of cardiac func-
tion. We did not otherwise identify any comorbidities or clin-
ical predictors that would robustly identify the patients with
heart failure in our sample.

We presented a discussion of the possible concurrent evo-
lution of cancer cachexia and heart failure in our 2014 review
[8] and discussed how these conditions may mutually exacer-
bate one another. Classic heart failure is associated with
weight loss and skeletal muscle (i.e., cardiac [-induced] ca-
chexia) [8, 14]. Cancer cachexia effects on the human heart
have not yet been the subject of prospectively conducted in-
vestigations; however, in experimental animals with cancer
cachexia, there is progressive cardiac atrophy, associated with
reduction in LVEF [8]. While we may diagnose patients with
cachexia and work to develop treatments for the indication of
cancer cachexia, we would do well to always keep in mind the
polymorbid character of patients with NSCLC.

Limitations

Our characterization of cachexia was mainly focused on CRP,
weight loss history, and presence of sarcopenia, and we did not
collect information on serum albumin, anorexia, or food intake.
Albumin is not standard blood work for all of our patients and
CRP is more widely accepted as a cachexia biomarker. We rec-
ognize the deficit in anorexia/food intake. The significance of
findings such as decreased GLS, increased QRSD, abnormal
QTc, and prolonged PR in 36%, 10%, 40%, and 13% of patients,
respectively, remain unclear. The impact of these findings on
further functional measurements needs further investigations.

Conclusion
Comprehensive measurements of cardiac status and related

symptoms (dyspnea and fatigue) will underpin a more useful
anti-cachexia clinical trial design.
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